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Abstract

SPECTRA (Sophisticated Plant Evaluation Code for Thermal-hydraulic Response Assessment) is a
fully integrated system analysis code, that models thermal-hydraulic behavior of Nuclear Power
Plants, including reactor cooling system, emergency and control systems, containment, reactor
building, etc. of various reactor types, like BWR, PWR, HTR. It can also be used to assess thermal-
hydraulic response of non-nuclear plants, for example cooling systems of chemical reactors.

The full documentation of SPECTRA consists of the following four volumes:

Volume 1: Program Description

Volume 2: User’s Guide

Volume 3: Verification and Validation

Volume 4: Code Structure, Development, Hardware and Software Requirements

This report presents VVolume 2 of the SPECTRA Code Manuals - User's Guide. A detailed description
of input data is provided in this volume. Examples of input files are shown. This volume presents also
a description of the output files. The variables printed in the main SPECTRA output data file are
shown and shortly described. Examples of output files are presented. Finally, a description of the plot
file, and the procedure to make plots using the SPECTRA post-processor is given.

The SPECTRA Manuals are freely available in internet and are also supplied together with the
SPECTRA code. The Volume 2 of the Code Manuals is provided in the file Spectra-Vol2.pdf.
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Explanation of names and abbreviations

CF
Cv
DIA
ICF
IT
JN
MP
ouT
OX
PLT
RK
RT
SC
SPECTRA

TC
TF
TFD
TR

16

Control Function

Control Volume
Diagnostics file

Initial Condition File
Isotope Transformation
Junction

Material Properties
Output file

Material Oxidation

Plot file

Reactor Kinetics
Radioactive Particle Transport
1-D Solid Heat Conductor

Sophisticated Plant Evaluation Code for Thermal-hydraulic Response

Assessment

2-D Solid Heat Conductor
Tabular Function

Tabular Function Data file
Thermal Radiation
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Introduction

SPECTRA (Sophisticated Plant Evaluation Code for Thermal-hydraulic Response Assessment) is a
fully integrated system analysis code, that models the thermal-hydraulic behavior of Nuclear Power
Plants, including reactor cooling system, emergency and control systems, containment, reactor
building, etc. of various reactor types, like BWR, PWR, HTR. It can also be used to assess thermal-
hydraulic response of non-nuclear plants, for example cooling systems of chemical reactors. The
structure of SPECTRA is shown in Figure 1-1.

The SPECTRA Code Manuals consists of the following four volumes:

Volume 1: Program Description
Volume 2: User’s Guide

Volume 3: Verification and Validation
Volume 4: Code Structure, Development, Hardware and Software Requirements

This report presents Volume 2 of the SPECTRA Code Manuals (SCM) - User's Guide. The full
description of the input data needed to run the program as well as the output data is given.
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SPECTRA Main Program

Thermodynamics
and Fluid Flow

Physical Models

Heat
Transfer

1 che

§ h i

Hﬂﬁ .

)

smz tmzm“!

E
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Figure 1-1 SPECTRA code structure.
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Chapter 2 gives a detailed description of input data. Examples of input files are shown.

Chapter 3 presents a description of the output files. The variables printed in the main SPECTRA output
data file are shown and shortly described. Examples of output are presented. This chapter provides
also the description of the plot file and the procedure to make plots using the SPECTRA post-
processor, use of the stop file to terminate calculations, use of the ICF file to provide the initial
conditions, use of the TFD file for interactive Tabular Function definitions.

Chapter 4 presents an installation guide. Hardware and software requirements are specified.
Installation and execution of the code are described. A verification test case is presented.

Several appendices are included, showing example cases and explaining the effect of using certain
input parameters. The appendices show the influence of the user-defined parameters on the maps of
pumps/compressors and turbines, as well as the influence of the user-defined parameters on valve loss
factors.
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2 Description of Input Data

SPECTRA input file must have an extension ".SPE". The name must not be longer than 510 characters
or shorter than 5 characters, including extension, i.e. there must be at least one character and no more
than 506 characters before the extension. The input file consists of a sequence of input records. Five
different record types may be distinguished:

- title record,

- comment records,

- data records,

- requests for file attachments,
- terminator record.

The title record is optional and need not to be entered, but it is recommended to enter title for each
problem, to have easy way to identify the problem. A title record is identified by an equal sign (=) in
the first column. The title is printed in the output and the diagnostics file. If more than one title record
is entered, the last one is used.

A comment record has an asterisk sign (*) as the leftmost non-blank character. All characters to the
right of an asterisk are interpreted as comments. Completely blank lines are interpreted as comments.

A data record may contain an arbitrary number of data words that may be integer (1), real (R), or
alphanumeric (A), and, optionally, a comment preceded by an asterisk sign. Up to 512 characters are
read by the program so the data words cannot be written on fields further to the right. The leftmost
word of a data record is interpreted as the record identifier, the remaining words as the data words.
Every data record must have a valid identifier.

If less data is entered than is expected in a given record, zeroes are assumed for the remaining words
and a warning message is printed to the diagnostics file. If more data is entered than is expected, the
remaining values are omitted and a warning message is printed to the diagnostics file.

The User’s Guide gives a detailed description of every input entry (Word). Most of the input entries
have an acceptable range and a default value. The acceptable ranges and default values are listed in
the Chapter 2, describing the input data records. If the value for a given parameter is not entered or it
is entered as zero then the default value (if exists) is assumed. In the cases when a non-zero value is
the default value and zero is a valid input value, an instruction is given how to set the value to zero. If
the input value is outside the acceptable range an error message is printed to the diagnostics file and
the run is terminated at the end of the input processing phase.

Files may be attached to the input file using requests for file attachment, which has the form:

ATTACH FILENAME

The word ATTACH has to be written from the first column of a record. The input file can have as
many attachments as desired, however no multiple level attachments are allowed. That means, an
attached file cannot contain the ATTACH statement. Attaching files is convenient when a (large)
model has to be used for calculations of multiple accidents. In such cases the base input deck remains
the same, only small accident specific changes need to be made. The base deck can be stored and,
when needed, attached at the top of input file, followed by the accident scenario inputs, which will
replace the data in the base deck.
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The input deck is terminated by the terminator record. The terminator record is identified by a period
sign (.) in the first column. The terminator record is optional. If there is no terminator record in the
data file, all records in the file are read, if the terminator record is present then all the following records

are treated as comments.

2.1 Control Volume Input Data

2.1.1 Records: 100000,

Control Volume Main Data - Global

Using this record one may specify the parameters described in record 100XXX for all Control
Volumes in the model - see description of record 100XXX below.

2.1.2 Records: 100XXX,

Control Volume Main Data - Individual

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in

LINUX version).

W-1 (1) : ITYPCV  Control volume type, (-).

20

ITYPCV =0:

ITYPCV > 0:

ITYPCV <O0:

ITYPCV > 1000:

Acceptable range:

Default value:

normal (active) volume, transient conditions are
calculated from mass and energy balance, unless the
CV solution is switched off by the Solver option
IOPSL - see record 900XXX, Word 6.

user-defined conditions. This CV type is typically
used to supply boundary conditions. The CV
parameters (such as pressure, temperature, etc.) are
either constant and equal to their initial values (for
example pressure and temperature are entered in
record 120XXX, section 2.1.9), or time-dependent,
defined by Tabular or Control Functions specified
in record 125XXX (section 2.1.14).

user-defined conditions fort < 0.0s. Att=0.0s it
is converted to a normal (active) CV. May be used
to specify boundary conditions at the initial (for
example steady state) phase of calculations. In that
case the start time for the steady state calculations
should be defined as negative.

user-defined conditions if the value of the Tabular
Function TF-YYY is greater than 0.0, where YYY
= ITYPCV-1000, normal (active) CV otherwise.
Similar to ITYPCV <0, but in this case CV may be
activated and deactivated many times during
calculations.

any integer<1000, must be a valid reference number
of a Tabular Function, if > 1000.

0 if no values are set in the record 125XXX, 1
otherwise
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IDSPCV

ITSPCV

ITMNCV

Pointer to a Tabular or Control Function that defines the atmosphere
Density Stratification Parameter (DSP) for this volume, (-). If the
number is positive, then DSP will be defined by a Tabular Function with
the reference number: IDSPCV. If the number is negative, then DSP will
be defined by a Control Function with the reference number:
| IDSPCV|. At any given time of the transient DSP will be equal to the
current value of the Tabular or Control Function. If the current value of
the Tabular or Control Function is smaller than 0.0, DSP will be set to
0.0. If it is larger than 1.0, DSP will be set to 1.0. If no value is entered,
or the entered value is equal to zero, the DSP will be equal to 0.0 (perfect
mixing) throughout the whole transient.
Note that the actual value of DSP may be different from that specified
by the Tabular or Control Function. The code internally calculates the
minimum and maximum value of DSP based on thermodynamic
conditions and thermal stratification. If the value defined by Tabular or
Control Function is greater than the maximum limit calculated by the
code then the maximum limit is used. If the value defined by Tabular or
Control Function is smaller than the minimum limit calculated by the
code then the minimum limit is used.
Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the atmosphere
Thermal Stratification Parameter (TSP) for this volume, (-). If the
number is positive, then TSP will be defined by a Tabular Function with
the reference number: ITSPCV. If the number is negative, then TSP will
be defined by a Control Function with the reference number:
| ITSPCV | . If the current value of the Tabular or Control Function is
smaller than 0.0, TSP will be set to 0.0. If it is larger than 1.0, TSP will
be set to 1.0. If no value is entered, or the entered value is equal to zero,
then TSP will be equal to 0.0 (perfect mixing) throughout the whole
transient. Note that the value of TSP is restricted further by the minimum
and maximum temperatures, determined by the words 4 and 5 below.
Thus the actual value of TSP may differ from the value defined by the
Tabular or Control Function.

Acceptable range: must be a valid reference number of a Tabular or a

Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the minimum
atmosphere temperature (at the bottom of atmosphere part of CV) in case
when the stratification model is applied (ITSPCV is non-zero). If the
number is positive, then the minimum temperature will be defined by a
Tabular Function with the reference number: ITMNCYV. If the number
is negative, then the minimum temperature will be defined by a Control
Function with the reference number: | ITMNCV | . If the number is zero
the minimum temperature is calculated internally by the code
(recommended).
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ITMXCV

IPSPCV

IPMNCV

IPMXCV

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the maximum
temperature (at the top of the atmosphere part of CV). in case when the
stratification model is applied (ITSPCV is non-zero). If the number is
positive, then the maximum temperature will be defined by a Tabular
Function with the reference number: ITMXCV. If the number is
negative, then the maximum temperature will be defined by a Control
Function with the reference number: | ITMXCV | . If the number is zero
the maximum temperature is calculated internally by the code
(recommended).

Acceptable range: must be a valid reference number of a Tabular or a

Control Function, if non-zero.

Default value: 0.

Pointer to a Tabular or Control Function that defines the Pool (thermal)
Stratification Parameter (PSP) for this volume, (-). If the number is
positive, then PSP will be defined by a Tabular Function with the
reference number: IPSPCV. If the number is negative, then PSP will be
defined by a Control Function with the reference number: | 1PSPCV|.
If the current value of the Tabular or Control Function is smaller than
0.0, PSP will be set to 0.0. If it is larger than 1.0, PSP will be set to 1.0.
If no value is entered, or the entered value is equal to zero, then PSP will
be equal to 0.0 (perfect mixing) throughout the whole transient. Note
that the value of PSP is restricted further by the minimum and maximum
temperatures, determined by the words 7 and 8 below. Thus the actual
value of PSP may differ from the value defined by the Tabular or Control
Function.
Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the minimum pool
temperature (at the bottom of pool) in case when the stratification model
is applied (IPSPCV is non-zero). If the number is positive, then the
minimum temperature will be defined by a Tabular Function with the
reference number: IPMNCV. If the number is negative, then the
minimum temperature will be defined by a Control Function with the
reference number: |IPMNCV |. If the number is zero the minimum
temperature is calculated internally by the code (recommended).
Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the maximum pool
temperature (at the top of pool) in case when the stratification model is
applied (IPSPCV is non-zero). If the number is positive, then the
maximum temperature will be defined by a Tabular Function with the
reference number: IPMXCV. If the number is negative, then the
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DTSPCV

DSPCV

TSPCV

maximum temperature will be defined by a Control Function with the

reference number: | IPMXCV|. If the number is zero the maximum

temperature is calculated internally by the code (recommended).

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.

Default value: 0.

Maximum value of the ratio DSP/TSP. This parameter may be used to
limit the atmosphere density stratification, DSP, based on the
atmosphere thermal stratification, TSP. Usually TSP is easier to estimate
than DSP, and this limit prevents from obtaining unrealistically large
DSP. This word does not affect the TSP. If a negative value is entered
then DSP is independent of TSP, but the saturation limit is used. The
saturation limit is applied to prevent, as much as possible, the local steam
partial pressure to increase above the saturation pressure. The saturation
limit is used if DTSPCV > —99. If DTSPCV < -99 then the saturation
limit is not used, and DSP is given directly by the Tabular or Control
Function. For Best Estimate analysis the default value is recommended.
If the user wishes the force the desired density stratification, for example
for conservative or sensitivity calculations, then the DTSPCV should be
set to <-99.
Acceptable range: DTSPCV <1000 .
Default value: -1.0if ITSPCV=0 (Word 3 above),

+3.0 otherwise.

Initial value of Density Stratification Parameter, DSP, (-). DSP is
defined as follows (see Volume 1):

@) _ ( 7 psp j
dz 2

where xi(z) is the molar concentration of gas i (the lightest gas) at the
relative elevation z in the atmosphere. The value of z is equal to zero at
the pool surface elevation (at the bottom of the CV if pool is not present),
and equal to one at the top of CV.

For example, suppose that the hydrogen concentration at the bottom of
the CV is 0.2% (0.002), while the concentration at the top of the CV is
5% (0.05). The value of DSP is obtained from:
((0.05-0.002)/1.0)=tan( w/2-DSP), or:

DSP = 2/n-atan( (0.05-0.002 )/ 1.0 ) = 0.0305

Acceptable range: 0.0<DSPCV<1.0.

Default value: 0.0.

Initial value of Thermal Stratification Parameter, TSP, (-). TSP is
defined as follows (see Volume 1):

atms atms
_ Ttop =T bot

TSP = T atms

K6223/24.277594 MSt-2402 23



W-12 (R) :

W-13 (R) :

W-14 (1) :

W-15 (1) :

24

SPECTRA Code Manuals - Volume 2: User’s Guide

PSPCV

DDDTCV

IRSBCV

ILEVCV

where T*™ is the atmosphere temperature, and the subscripts refer to the
top, bottom, and average values.

For example, suppose that the initial atmosphere temperature is equal to
300 K at the pool surface elevation (at the bottom of CV if pool is not
present), and is equal to 340 K at the top of CV. Average temperature is
thus 320 K (this value needs to be entered in record 120XXX - see
section 2.1.9 below). The value of TSP is equal to: TSP = (340 -300)/
320=0.125.

Acceptable range: 0.0<TSPCV<10.

Default value: 0.0.

Initial value of Pool Stratification Parameter, PSP, (-). PSP is defined as
follows (see VVolume 1):

pool _ = pool
Ttop Tbot
pool
ave

PSP =

where TP is the pool temperature, and the subscripts refer to the top,
bottom, and average values.

For example, suppose that the initial pool temperature is equal to 280 K
at the pool bottom and 300 K at the pool surface elevation. The average
temperature is thus 290 K (this value needs to be entered in record
120XXX - see section 2.1.9 below). The value of PSP is equal to: PSP
=(300-280) /290 =0.069 .

Acceptable range: 0.0<TSPCV<1.0.

Default value: 0.0.

Maximum value of the rate of change of DSP, d(DSP)/dt, (1/s).

Acceptable range: 10°<DTSPCV <1.0.

Default value: 3.3-10 with this value it takes at least 5 min (300 s)
to remix a perfectly stratified layer,

Indicator determining whether eventual stratification should be removed

during hydrogen burns.

=1: stratification is removed during slow deflagrations, fast
deflagrations and detonations,

=2: stratification is removed during fast deflagrations and
detonations,

=3: stratification is removed during detonations,

>3: stratification is not removed during hydrogen burns.

Acceptable range: IRSBCV >0.

Default value: 1.

Interpretation of the initial pool level definition (input parameter
ZPLSCV, record 120XXX).

=0: ZPLSCV is the pool level (m), relative to the bottom of CV

=1: ZPLSCV is the relative pool level (-), 0.0 <ZPLSCV <1.0
Acceptable range: ILEVCV =0o0r1

Default value: 0
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2.1.3 Records: 101000, Control Volume Groups - General Data

W-1(1): KGRPCV  Default CV group number. CV groups are introduced for editing; at the
end of input processing an altitude-volume table is printed for each CV
group. CV groups may be used to check the fluid volumes for primary
system, secondary system, etc. Additionally, RK/RT Packages may use
a CV group to define primary system (IDSORK, record 748000).
Acceptable range: 1 <KGRPCV <20
Default value: 1

W-2(I): NAVTCY Number of data points in the altitude-volume table, printed for each CV
group at the end of input processing.
Acceptable range: 10 <NAVTCV <100
Default value: 50

2.1.4 Records: 101XXX, Control Volume Groups- Individual Data

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

W-1(I): IGRPCV  CV group number. CV groups are introduced for editing; at the end of
input processing an altitude-volume table is printed for each CV group.
CV groups may be used to check the fluid volumes for primary system,
secondary system, etc. Additionally, RK/RT Packages may use a CV
group to define primary system (IDSORK, record 748000).
Acceptable range: 1 <IGRPCV <20
Default value: KGRPCV (defined in record 101000)

2.1.5 Records: 102XXX, Multiplicity of the Control Volume

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

W-1(R): XMLTCV Multiplicity of the Control VVolume. This is the number of Control
Volumes that are identical to the Control Volume XXX. If the number
is not equal to 1.0, then the segment flow areas, the average flow areas,
the segment volumes, and total volume of this Control VVolume, entered
in the input deck, are multiplied by this number.

Acceptable range: 0.0 < XMLTCV< 10%°
Default value: 1.0
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2.1.6 Records: 105XXX, Control Volume Name

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control VVolumes is 550 (999 in
LINUX version).

W-1 (A) NAMECV User defined name, length up to 50 characters. The name is read as a 50-
character string, starting from the first non-blank character after the
record identifier. There must be at least one blank character, separating
the name from the record identifier.

Acceptable range: any string of up to 50 characters.
Default value: 50 "underline” characters: " " .

2.1.7 Records: 11YXXX, Control Volume Segment Data

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version). Y is the option indicator, equal to 0, 5, 6, or 7. Any CV may be divided in vertical
direction into a number of segments, each with a constant horizontal cross section area. The number
of segments for volume XXX is equal to the number of records with this number. The total number of
segments (NSEGCV) for a Control Volume may not exceed 10. Use of multiple segments with
different cross section areas should be avoided in volumes that may contain bubbles or droplets (see
VVolume 3 and section 2.1.19, de-entrainment calculation option).

W-1(R): HSEGCV(I)Height of the segment I, (m) ifY=0o0r5
ZSEGCV(I) Top elevation of the segment I, (m) ifY=6or7
If both height and top elevation are entered, they must be consistent:
ZSEGCV(Il) = ZSEGCV(I-1) + HSEGCV(I)
Acceptable range: 0.0 <HSEGCV(I) < 10%
ZSEGCV(I-1) < ZSEGCV(l) < 10%°
Default value: none.

W-2 (R): ASEGCV/(l)Horizontal cross section area of the segment I, (m?) if Y=0or 6
VSEGCV(I)Volume of the segment I, (m?3) if Y=5o0r7
If both volume and area are entered, they must be consistent:
VSEGCV(I) = ASEGCV(I) x ZSEGCV(I)
Acceptable range: 0.0 < ASEGCV(I) < 10%°,

0.0 < VSEGCV(I) < 10%
Default value: none.
W-3(I): I Segment number. If no value, or zero is entered, then the segment data

are read sequentially - the first record in the input is interpreted as
containing the first (lower) segment data (I=1), then 1=2, etc. The total
number of segments is denoted in the program as NSEGCV.
Acceptable range: 1=1,2,...,10

Default value: none
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Summarizing, there are four optional inputs in this record:

e 110XXX Height (m) Horizontal area (m?)
e 115XXX Height (m) Volume (m?)
e 116XXX Top elevation (m) Horizontal area (m?)
e 117XXX Top elevation (m) Volume (md)

Note that the last option corresponds to the MELCOR input of altitude/volume (with a negative
volume entry, which in MELCOR signifies the segment volume rather than the cumulative volume).
The total volume, VOLTCV, and total height, HEIGCV, of CV are calculated from:

2.1.8 Records: 111XXX,

N SEG

VOLTCV = Y HSEGCV, - ASEGCV,
=1

i
N SEG

HEIGCV = > HSEGCV;

j=1

Control Volume Geometry Data

XXX is the Control Volume reference number, 001 < XXX < 999. The Control Volume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in

LINUX version).

W-1(R) :  ELVBCV
W-2 (R) : AHORCV
W-3 (R) : AVERCV
W-4 (R) : DIPSCV

Elevation of bottom of Control Volume, (m). ELVBCV gives the
difference between the bottom of CV and a reference elevation. The
choice of the reference elevation is arbitrary, but all CV must use the
same reference elevation.

Acceptable range: any real number.

Default value: 0.0.

Representative horizontal flow area of Control Volume, (m?). Used to

calculate vertical velocities. It is recommended to use the flow area

for the main flow direction for both AHORCV and AVERCV

(below) - see Volume 3, test runs for pipes with different inclinations.

Acceptable range: >0, >max. area of all connected JN, if ICVAJN=1

Default value: Maximum value of the horizontal cross sections of
the segments, ASEGCV

Representative vertical flow area of Control Volume, (m?). Used to

calculate horizontal velocities. It is recommended to use the flow area

for the main flow direction for both AVERCV and AHORCV

(above) - see Volume 3, test runs for pipes with different inclinations

Acceptable range: >0, >max. area of all connected JN, if ICVAJN=1

Default value: Maximum value of the horizontal cross sections of
the segments, ASEGCV

Characteristic dimension for pool surface interphase heat and mass
transfer calculations. If a positive value is entered then the characteristic
dimension will always be equal to DIPSCV. If a negative value is

K6223/24.277594 MSt-2402 27



W-5 (R) :

SPECTRA Code Manuals - Volume 2: User’s Guide

DHYDCV

entered then the characteristic dimension will be proportional to the
square root of the current pool surface area:

Dyoot = | DIPSCV |/ Ao/ ASEGCV 1

where Apoal IS the pool surface area at given time and ASEGCV is the
horizontal cross section area at the bottom of CV. In such case the
absolute value of the DIPSCV should correspond to the characteristic
dimension for the bottom segment. If the pool level increases to higher
segments, then the characteristic dimension will be scaled by the square
root of the ratio of the current segment area and the bottom segment area.
If zero or no value is entered the characteristic dimension will always be
equal to the square root of the current pool surface area.

Dpool = \ Apool

Acceptable range: all reals .
Default value: 0.0.

Hydraulic diameter for CV, (m).

Acceptable range: DHYDCV < 1000.0.

Default value: minimum of the smallest Dyyqy of connected JN and
(4A/m)Y2, where A is the minimum of AHORCV and
AVERCV.

2.1.9 Records: 120XXX, Control Volume Initial Conditions

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control VVolumes is 550 (999 in
LINUX version).

W-1 (R):

W-2 (R) :

W-3 (R) :

28

PRESCV
(IATMS)

TEMPCV
(IATMS)

ZPLSCV

Pressure of atmosphere gas in Control VVolume, (Pa).
Acceptable range: 1.0 < PRESCV(IATMS) < 2.09x107 Pa.
Default value: none.

Average temperature of atmosphere gas in Control Volume, (K).

Acceptable range: 273.2 < TEMPCV(IATMS) <3067.0 K .

Default value: saturation temperature at the total pressure,
Tsa(PRESCV(IATMS) ).

Elevation of pool surface above bottom of CV, (m) or relative pool level,

depending on ILEVCV. For homogeneous CV (see records 168000,

168XXX) the initial void fraction times the volume height should be

entered.

Acceptable range: 0.0 <ZPLSCV < volume height if ILEVCV=0
0.0<ZPLSCV <10 if ILEVCV=1

Default value: none.
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W-4 (R) : TEMPCV  Average temperature of liquid in Control VVolume, (K).
(IPOOL)  Acceptable range: 273.2 < TEMPCV(IPOOL) <
< Tsa(PRESCV(IATMS) ) .
Default value: saturation temperature at the total pressure,
Tsa(PRESCV(IATMS) ).

2.1.10 Records: 121XXX, Initial Composition of Atmosphere Gas

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version). The gas composition in the CV atmosphere is defined in those records. Several
records with the same number may be entered. Each record may define several components of the gas
mixture. The total number of entries in this record must be a multiple of 2.

W-1(I): IGAS Gas number, (-). Must be one of the available gases. The built-in gases
are: 1 =H,, 2=He, 3=steam, 4 =N,, 5=0,, 6 = CO,.
Acceptable range: 1 <IGAS <NGASCV <NGMXFL =20
Default value: none.

W-2 (R): CVAGCV If IGAS # 3 then this word gives the mole fraction of gas IGAS related
(IGAS) to the total mass of noncondensable gases. If the sum of CVAGCV for
all noncondensables is not equal to one then CVAGCV will be
normalized during input processing.
If IGAS = 3 then this word is interpreted as the relative humidity,

RHUMCV.
Acceptable range: 0.0 < CVAGCV(IGAS)<1.0.
Default value: 0.0.

2.1.11 Records: 122XXX, Initial Data for Atmosphere Droplets

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

W-1(R): VOLFCV Volumetric fraction of droplets in the atmosphere, (-), (volume of
(IDROP)  droplets divided by the volume of atmosphere gas and droplets).
Acceptable range: 0.0 < VOLFCV(IDROP) <0.5.
Default value: 0.0.

W-2 (R): TEMPCV Temperature of droplets in the atmosphere of Control VVolume, (K).
(IDROP)  Acceptable range: 273.2 < TEMPCV(IDROP) <
< Tsat(PRESCV(IATMS) ) .
Default value: atmosphere gas temperature TEMPCV(IATMS).

W-3 (R): DDRPCV Diameter of the average droplet in the atmosphere of Control VVolume,

(m).
Acceptable range: 0.0<DDRPCV <1.0.
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ZDRPCV

Default value: DDWEFCYV (defined in record 158 XXX, see section
2.1.31).

Position of the average droplet in the atmosphere of CV, (m) (related to

the top of Control VVolume).

Acceptable range: if there are no droplets in the atmosphere (that
means: VOLFCV(IDROP)=0.0) then ZDRPCV
must be equal to:

ZDRPCV = Hcy ot - ZPLSCV.

if there are droplets in the atmosphere (that means:
VOLFCV(IDROP) > 0.0) then:

0.0 < ZDRPCV < Hcyot - ZPLSCV.

Default value: if there are no droplets in the atmosphere (that
means: VOLFCV(IDROP) = 0.0) then the default
value of ZDPCYV is be equal to:

HCV,tot - ZPLSCV.

if there are droplets in the atmosphere (that means:
VOLFCV(IDROP) > 0.0) then the default value of
ZDRPCV is:

( Heviot - ZPLSCV )-ZDWFCV (defined in record
158XXX, see section 2.1.31) .

Initial Data for Pool Bubbles

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control VVolumes is 550 (999 in
LINUX version).

W-1(R):

W-2 (R):

W-3(R):

W-4 (R) :

30

VOLFCV
(IBUBB)

TEMPCV

(IBUBB)

DBUBCV

ZBUBCV

Volumetric fraction of bubbles in the pool, (-), ( volume of bubbles
divided by the volume of water and bubbles in the pool).
Acceptable range: 0.0 <VOLFCV(IBUBB)<0.9.

Default value: 0.0.

Temperature of bubbles in the pool of Control VVolume, (K).
Acceptable range: 273.2 < TEMPCV(IBUBB) < 3067.0K..
Default value: pool liquid temperature TEMPCV(IPOOL).

Diameter of the average bubble in the pool of Control VVolume, (m).

Acceptable range: 0.0<DBUBCV <1.0.

Default value: DBWFCV (defined in record 158 XXX, see section
2.1.31)

Position of the average bubble in the pool of CV, (m) (related to the

bottom of Control VVolume).

Acceptable range: if there are no bubbles in the pool (that means:
VOLFCV(IBUBB) = 0.0) then ZBUBCV must be
equal to:

ZBUBCV = ZPLSCV.
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if there are bubbles in the pool (that means:
VOLFCV(IBUBB) > 0.0) then:
0.0 <ZBUBCV < ZPLSCV.

Default value: if there are no bubbles in the pool (that means:
VOLFCV(IBUBB) = 0.0) then the default value of
ZBUBCV is be equal to:

ZPLSCV,

if there are bubbles in the pool (that means:
VOLFCV(IBUBB) > 0.0) then the default value of
ZBUBCV is:

ZPLSCV-ZDWEFCV (defined in record 158XXX,
see section 2.1.31) .

2.1.13 Records: 124XXX, Initial Composition of Bubble Gas

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version). Those records define the gas composition of the pool bubbles. Several records with
the same number may be entered. Each record may define several components of the gas mixture. The
total number of entries in this record must be a multiple of 2.

W-1(I): IGAS Gas number, (-). Must be one of the available gases. The built-in gases
are: 1 =Hy, 2 =He, 3=steam, 4 =Nz, 5= 0, 6 = CO..
Acceptable range: 1 <IGAS <NGASCV < NGMXFL =20
Default value: none.

W-2 (R): CVPGCV If IGAS # 3 then this word gives the mole fraction of gas IGAS

(IGAS) related to the total mass of noncondensables. If the sum of CVPGCV for
all noncondensables is not equal to one then CVPGCV will be
normalized during input processing.
If IGAS = 3 then this word is interpreted as the relative humidity,
RHUMCV.
Acceptable range: 0.0 < CVPGCV(IGAS)<1.0.
Default value: 1.0 for IGAS = 3; 0.0 otherwise.

2.1.14 Records: 125XXX, Time-Dependent Parameter Definition for Inactive CV

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control VVolumes is 550 (999 in
LINUX version).

This record defines time dependent parameters (such as pressure, temperature, etc.) for inactive
Control Volumes (see records 100XXX, section 2.1.1). If the record 125XXX is not used, then the
parameters in the inactive Control Volume will be constant, and equal to their initial values (for
example, the initial pressure and temperature are defined in records 120XXX, section 2.1.9). Using
Record 125XXX the user may define some, or all of these parameters as functions of time.
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Note that if non-zero values are specified in this record and the type of volume is not set as inactive in
the record 100XXX, then the type of volume is automatically set to inactive, ITYPCV =1 (see record
100XXX, section 2.1.2).

W-1 (1) :

W-2 (1) :

W-3 () :

32

IZPLCV

IPRSCV

ITATCV

Pointer to a Tabular or Control Function that defines the water level in
this volume, (-). If the number is positive, then the water level will be
defined by a Tabular Function with the reference number: IZPLCV. If
the number is negative, then the water level will be defined by a Control
Function with the reference number: | 1IZPLCV |. At any given time of
the transient the water level will be equal to the current value of the
Tabular or Control Function. If the current value of the Tabular or
Control Function is smaller than 0.0, it will be set to 0.0. If it is larger
than 0.99 times the CV height it will be set to 0.99 times the CV height.
If no value is entered, or the entered value is equal to zero, the water
level will be constant and equal to the value entered in record 120XXX.
Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the pressure in this
volume, (-). If the number is positive, then the pressure will be defined
by a Tabular Function with the reference number: IPRSCV. If the
number is negative, then the pressure will be defined by a Control
Function with the reference number: | IPRSCV |. At any given time of
the transient the pressure will be equal to the current value of the Tabular
or Control Function. If the current value of the Tabular or Control
Function is smaller than 1.0 Pa, it will be set to 1.0 Pa. If it is larger than
2.09x107 Pa it will be set to 2.09x10" Pa. If no value is entered, or the
entered value is equal to zero, the pressure will be constant and equal to
the value entered in record 120XXX.

Acceptable range: must be a valid reference number of a Tabular, or a

Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the atmosphere
temperature in this volume, (-). If the number is 1000, the temperature
will be set to the saturation temperature at the CV pressure. If the number
is smaller than 1000 and positive, then the atmosphere temperature will
be defined by a Tabular Function with the reference number: ITATCV.
If the number is negative, then the atmosphere temperature will be
defined by a Control Function with the reference number: lITATCV .
At any given time of the transient the atmosphere temperature will be
equal to the current value of the Tabular or Control Function. If the
current value of the Tabular or Control Function is smaller than 273.2
K, it will be set to 273.2 K. If it is larger than 3067.0 K it will be set to
3067.0 K. If no value is entered, or the entered value is equal to zero, the
atmosphere temperature will be constant and equal to the value entered
in record 120XXX.

Acceptable range: 0, or 1000, or a valid reference number of a Tabular,

or a Control Function.
Default value: 0.
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ITPLCV

IATGCV
@)

IATGCV
@

Pointer to a Tabular or Control Function that defines the pool
temperature in this volume, (-).If the number is 1000, the temperature
will be set to the saturation temperature at the CV pressure. If the number
is smaller than 1000 and positive, then the pool temperature will be
defined by a Tabular Function with the reference number: ITPLCV. If
the number is negative, then the pool temperature will be defined by a
Control Function with the reference number: | ITPLCV|. At any given
time of the transient the pool temperature will be equal to the current
value of the Tabular or Control Function. If the current value of the
Tabular or Control Function is smaller than 273.2 K, it will be set to
273.2 K. If it is larger than the saturation temperature at the current
pressure, then it will be set to the saturation temperature. If no value is
entered, or the entered value is equal to zero, the atmosphere temperature
will be constant and equal to the value entered in record 120XXX.
Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the volume
fraction of H; in this volume, (-). If the number is positive, then the H;
fraction will be defined by a Tabular Function with the reference
number: IATGCV(1). If the number is negative, then the H, fraction will
be defined by a Control Function with the reference number:
| IATGCV(1) | At any given time of the transient the H; fraction will
be equal to the current value of the Tabular or Control Function. If the
current value of the Tabular or Control Function is smaller than 0.0, it
will be set to 0.0. If it is larger than 1.0 it will be set to 1.0. If no value is
entered, or the entered value is equal to zero, the H, fraction will be
constant and equal to the value entered in record 121XXX. The gas
fractions are internally normalized, to make sure that the sum is equal to
one at any moment of time.
Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the volume
fraction of He in this volume, (-). If the number is positive, then the He
fraction will be defined by a Tabular Function with the reference
number: IATGCV(2). If the number is negative, then the He fraction will
be defined by a Control Function with the reference number:
| IATGCV(2) |. At any given time of the transient the He fraction will
be equal to the current value of the Tabular or Control Function. If the
current value of the Tabular or Control Function is smaller than 0.0, it
will be set to 0.0. If it is larger than 1.0 it will be set to 1.0. If no value is
entered, or the entered value is equal to zero, the He fraction will be
constant and equal to the value entered in record 121XXX. The gas
fractions are internally normalized, to make sure that the sum is equal to
one at any moment of time.

Acceptable range: must be a valid reference number of a Tabular, or a

Control Function, if non-zero.
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IATGCV
)

IATGCV
(4)

IATGCV
)

Default value: 0.

Pointer to a Tabular or Control Function that defines the relative
humidity, (-). If the number is positive, then the relative humidity will
be defined by a Tabular Function with the reference number:
IATGCV(3). If the number is negative, then the relative humidity will
be defined by a Control Function with the reference number:
| IATGCV(3) | At any given time of the transient the relative humidity
will be equal to the current value of the Tabular or Control Function. If
the current value of the Tabular or Control Function is smaller than 0.0,
it will be setto 0.0. If itis larger than 1.0 it will be set to 1.0. If no value
is entered, or the entered value is equal to zero, the relative humidity will
be constant and equal to the value entered in record 121XXX.
Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the volume
fraction of N in this volume, (-). If the number is positive, then the N»
fraction will be defined by a Tabular Function with the reference
number: IATGCV(4). If the number is negative, then the N, fraction will
be defined by a Control Function with the reference number:
| IATGCV(4) | At any given time of the transient the N fraction will
be equal to the current value of the Tabular or Control Function. If the
current value of the Tabular or Control Function is smaller than 0.0, it
will be set to 0.0. If it is larger than 1.0 it will be set to 1.0. If no value is
entered, or the entered value is equal to zero, the N, fraction will be
constant and equal to the value entered in record 121XXX. The gas
fractions are internally normalized, to make sure that the sum is equal to
one at any moment of time.
Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the volume
fraction of O in this volume, (-). If the number is positive, then the O,
fraction will be defined by a Tabular Function with the reference
number: IATGCV(5). If the number is negative, then the O, fraction will
be defined by a Control Function with the reference number:
| IATGCV(5) | At any given time of the transient the O fraction will
be equal to the current value of the Tabular or Control Function. If the
current value of the Tabular or Control Function is smaller than 0.0, it
will be set to 0.0. If it is larger than 1.0 it will be set to 1.0. If no value is
entered, or the entered value is equal to zero, the O, fraction will be
constant and equal to the value entered in record 121XXX. The gas
fractions are internally normalized, to make sure that the sum is equal to
one at any moment of time.
Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.
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W-10 (1) : IATGCV
(6)
W-11 (1) : INITCV

Pointer to a Tabular or Control Function that defines the volume
fraction of CO- in this volume, (-). If the number is positive, then the
CO: fraction will be defined by a Tabular Function with the reference
number: IATGCV(6). If the number is negative, then the CO, fraction
will be defined by a Control Function with the reference number:
| IATGCV(6) | At any given time of the transient the CO, fraction will
be equal to the current value of the Tabular or Control Function. If the
current value of the Tabular or Control Function is smaller than 0.0, it
will be set to 0.0. If it is larger than 1.0 it will be set to 1.0. If no value is
entered, or the entered value is equal to zero, the CO- fraction will be
constant and equal to the value entered in record 121XXX. The gas
fractions are internally normalized, to make sure that the sum is equal to
one at any moment of time.
Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.

Initial conditions in the inactive volume:

=1: use the initial conditions as defined in the input file or the *.ICF.
=2: use the initial values read from the tables defined above.
Acceptable range: 1,2

Default value: 2

2.1.15 Records: 13YXXX, Control Volume Mass Source Data

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in

LINUX version).

Mass sources (sinks) are defined by those records. Y is the source number (consecutive, starting with
1). Up to 9 sources are allowed for one Control Volume. The mass source is defined here for a single
CV; i.e. the value obtained from TF/CF defined below is multiplied by the CV multiplicity
(XMLTCV, record 102XXX).

W-1 (R) : ZMSCV
W-2 (R) : AMSCV
W-3 (R) : DMSCV
W-4 (1) : IMMSCV

Midpoint elevation for the source No. Y, relative to the bottom of

Control VVolume, (m).

Acceptable range: ZMSCV must be greater or equal to zero and
smaller or equal to the height of CV.

Default value: none.

Flow area, (m?).
Acceptable range: 0.0 < AMSCV < 10%°.
Default value: none.

Diameter, (m).
Acceptable range: 0.0 < AMSCV < 10%°.
Default value: (4-AMSCV/m)¥2

Pointer to a Tabular or Control Function that defines the mass source
rate (kg/s).
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ITMSCV

IMMSCV > 0: mass source rate is defined by a Tabular Function with
the reference number: IMMSCV.

IMMSCYV < 0: mass source rate is defined by a Control Function with
the reference number: | IMMSCV | .

IMMSCV = 0: mass source rate is zero (source is inactive).

IMMSCV >1000: mass source rate is linked to the isotope list number
YY, where YY=IMMSCV-1000. The isotope list YY is defined in the
records 8970XX. Usually isotopes are treated as trace species; the
isotope mass is not considered in the CV Package. Using this option, the
user may link the RT isotope masses to the CV gas masses for the cases
when the effect of gas pressurization is considered non-negligible. An
example is shown at the description of the record 8970XX. If this option
is used, the following mass source is created:

S = ( EMi’O - Mgasyo ) / At

Here:

Mio mass of isotope i in the CV number XXX, start of time step, (kg)
Mgaso mass of gas in the CV number XXX, start of time step, (kg)

At time step (s)

Because of the applied formulation, the mass of gas in the CV will be
lagging by one time step compared to the mass in the RT Package. This
is typically not a problem, since the isotope masses are very small a
significant accumulation can only be observed for longer time frames.
Since this source is intended as a gas source, it is required that the source
elevation must be equal to the CV height, ZMSCV = HEIGCV.

An internal limit is imposed on the value obtained from the Tabular or

Control Function. If the absolute value is smaller than 1072 (kg/s), then

itissetto0.0.

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, or existing list, if non-zero.

Default value: 0.

Pointer to a Tabular or Control Function that defines the temperature of
the source (K).

ITMSCV > 0: temperature is defined by a Tabular Function with the
reference number: ITMSCV.

ITMSCV < 0: temperature is defined by a Control Function with the
reference number: FITMSCV| .

ITMSCV = 0: temperature is equal to the current CV gas temperature.
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W-6 (1) : IPMSCV

The value obtained from the Tabular or Control Function will be
restricted to the range of: 273.2 - 3067 K. When the source is negative
(mass sink), then the source temperature and pressure are equal to the
current temperature and pressure of the fluid being removed.

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the pressure of the
source (Pa).

IPMSCV > 0: pressure is defined by a Tabular Function with the
reference number: IPMSCV.

IPMSCV < 0: pressure is defined by a Control Function with the
reference number: | IPMSCV | .

IPMSCV = 0: pressure is equal to the current CV pressure. If this is the
steam mass source, i.e.. CGMSCV/(3)>0.0, then pressure is equal to
0.99xsaturation pressure at the CV gas temperature.

The units obtained from the Tabular or Control Function are assumed to
be (Pa). The value obtained from the Tabular or Control Function will
be restricted to the range of: 1.0 - 2.09x10” Pa. When the source is
negative (mass sink), then the source temperature and pressure are equal
to the current temperature and pressure of the fluid being removed.

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.

The following data pairs define the composition (mass fractions) of the source. The mass fractions are
assumed constant (time independent).

W-7 (1) : |

W-8 (R) : CGMSCV/
ICLMSCV

W-9 (1) : |

Id. number of the first component in the mixture (-). Zero means liquid
water, positive number indicates one of the available gases. The built-in
gases are: 0=liquid, 1=H,, 2=He, 3=steam, 4=N, 5=0,, 6=CO..
Acceptable range: 0<1<NGASCV < NGMXFL =20

Default value: none.

Mass fraction of the first component. If Id. number is 0 (water)

then this is CLMSCV - the mass flow of water divided by the total mass
flow of gas and water. If Id. number is greater than zero then this is
CGMSCYV - the mass flow of gas | divided by the total gas flow (gas
fractions).

Acceptable range: 0.0 < CGMSCV/CLMSCV <1.0.

Default value: 1.0 for 1=3 (steam), 0.0 otherwise.

Id. number of second component in the mixture, (-).
Acceptable range: 0<1<NGASCV < NGMXFL =20
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Default value: none.

W-10 (R) : CGMSCV/ Mass fraction of the second component.
/ICLMSCV Acceptable range: 0.0 < CGMSCV/CLMSCV <1.0.
Default value: 1.0 for 1=3 (steam), 0.0 otherwise.

etc.

2.1.16 Records: 130XXX, Optional Mass Source Strength Multipliers

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

W-1(R): XMMSCV(1) Source strength multiplier on the tabular mass source 1 (defined
in record 131XXX). If a non-zero value is entered, then the mass source
strength is multiplied by this number.

Acceptable range: —10° < XMMSCV(1) < +10%
Default value: 0.0

W-2 (R): XMMSCV(2) Source strength multiplier on the tabular mass source 2 (defined
in record 132XXX). If a non-zero value is entered, then the mass source
strength is multiplied by this number.

Acceptable range: —10%° < XMMSCV(2) < +10%
Default value: 0.0

etc.

The source strength multipliers are introduced to have an easy way of defining chemical reactions, for
example hydrogen recombiners. The user must define only one function, e.g. defining the hydrogen
recombination rate. Then the mass sink of oxygen is obtained by multiplying this function by a
constant factor of —8.0, the mass source of steam is obtained by multiplying this function by +9.0, and
the energy source is obtained by multiplying this function by heat of reaction per 1 kg of H. reacted.
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2.1.17 Records: 14YXXX, Control Volume Energy Source Data

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

Y is the energy source number (consecutive, starting with 1). Up to 9 energy sources are allowed for
one Control Volume. The energy source is defined here for a single CV; i.e. the value obtained from
TF/CF defined below is multiplied by the CV multiplicity (XMLTCV, record 102XXX).

W-1(R):

W-2 (1) :

W-3 (R) :

ZTESCV

ITESCV

POWMCV

Midpoint elevation for the energy source number Y, relative to the

bottom of Control VVolume, (m).

Acceptable range: ZTESCV must be greater or equal to zero and
smaller or equal to height of CV.

Default value: none.

Pointer to a Tabular or Control Function that defines the energy rate for
the source number Y. If the number is positive, then the mass flux will
be defined by a Tabular Function with the reference number: ITESCV.
If the number is negative, then the energy rate will be defined by a
Control Function with the reference number: |ITESCV|. The units
obtained from the Tabular or Control Function are assumed to be (W).
Positive and negative values are allowed. Negative values will yield
energy sink.

If ITESCV points to a Reactor Kinetics Control Function (IGRPCF=3,
INUMCF=5) and circulating fuel option is used (IFTORK=2), then:

e The source is placed only in the pool of CV.

e The value obtained from the reactor kinetics Control Function is
used if the CV has sufficient amount of liquid, i.e. if the liquid
fraction in CV is more than the limit XFULRK (record 748000).

o If the pool occupies less than XFULRK of the CV volume, the
source obtained from the reactor kinetics Control Function, is
interpolated to obtain zero in case of empty volume, i.e. it is
multiplied by (Vpoo/Vev)/ XFULRK. Here Voo is the pool volume
in CV and Vcv is the total CV volume. This is done to
automatically reduce the power generated in the pool of a CV
when the pool is removed from this CV.

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.

Constant power multiplier. The constant power multiplier is introduced
to have an easy way of defining for example axial power profile.
Acceptable range: —10'° < POWMCYV < 10%

Default value: 1.0
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2.1.18 Records: 150000, Liquid De-entrainment, Bubble De-entrainment

Using this record one may specify the parameters described in record 150XXX for all Control
Volumes in the model - see description of record 150XXX below.

2.1.19 Records: 150XXX, Liquid De-entrainment, Bubble De-entrainment

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

This record is optional. All entries from this record have their default values, recommended for general
application.

W-1(R): DENHCV De-entrainment ratio for liquid (droplets) in the atmosphere due to
horizontal velocity, Dn, (-). The mass change of discontinuous
component (liquid droplets) in the atmosphere of a Control Volume is
calculated as (see Volume 1):

d'\gsroplh,de-ent = DnAn adfopvh,drop pdrop

Dn - de-entrainment ratio for horizontal flow, DENHCV,

A - atmosphere area for flow in horizontal direction, (m?),
(atmosphere vertical cross section area),

Odrop - droplet volumetric fraction, (-),

Vhdrop - droplet horizontal velocity, (m/s),

Pdrop - droplet density, (kg/m3).

The value of DENTCV may be useful for example in case of spray
system injecting at some angle to the vertical. Some part of the spray
droplets will hit the containment walls. In that case however it is needed
to modify the drop flow model parameters (section 2.1.20) to properly
model the horizontal velocity component of the spray droplets (see
Volume 3, simulation of NUPEC tests).

The general idea of entering the value of DENTCYV is illustrated in
Figure 2-1. Figure 2-1 shows a Control Volume with the cross section
area for atmosphere horizontal flow equal to Ana, and a Junction with a
flow area of Ay. Assuming that droplet inertia is large the de-
entrainment parameter can be estimated as:

_ Ah,A - AJN

D,
An.a

In practice the droplets will change they flow direction together with the
gas stream (finite inertia) or bounce back after hitting the wall. This
means that the de-entrainment will be somewhat smaller than defined by
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the above formula. Moreover the atmosphere cross-section area depends
on the pool level and thus changes in time. Consequently it is not always
easy to find the right value for the de-entrainment parameter.
Acceptable range: 0.0 <DENHCV < 1.0.

Default value: 0.0.
o o
(&4
o S o
[ Ana
o

Figure 2-1 Horizontal droplet de-entrainment.

W-2 (R) :

W-3 (1) :

DENVCV De-entrainment ratio for liquid (droplets) in the atmosphere due to

ISVDCV

vertical velocity, Dy, (-). The mass change of discontinuous component
(liquid droplets) in the atmosphere of a Control Volume is calculated as
(see Volume 1):

d'\gsmplv,de-emz Dv Av @ drop Vvdrop Parop

D, - de-entrainment ratio for vertical flow, DENVCV,

A - either actual pool surface area, or CV segment horizontal
cross section area, depending on ISVDCV (Word 3,
below), (m?),

Odrop - droplet volumetric fraction at pool surface elevation,

Vydrop - droplet vertical velocity, (m/s),

Pdrop - droplet density, (kg/mq).

Acceptable range: 0.0 <DENVCV < 1.0.

Default value: 1.0 (a small number, <10-%, sets the value to 0.0).

Indicator for droplet vertical de-entrainment area calculation, A,.
ISVDCV =0:

A, is always equal to the current pool surface area - Figure 2-2 left
1<ISVDCV < NSEGCV :

Ay is equal to horizontal area of segment ISVDCV - Figure 2-2 right
Acceptable range: 0<ISVDCV < NSEGCV.

Default value: 0.
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Case (a): ISVDCV=0, ISVBCV=0 Case (a): ISVDCV=3, ISVBCV=1

Segment 3

Segment 2
|
Segment 2

Segment |

Figure 2-2 Use of ISVDCV, ISVBCYV to define droplet and bubble vertical de-entrainment.

W-4 (1) :

42

ISVBCV

Indicator for bubble vertical de-entrainment area calculation, A..
ISVBCV =0:
A, is always equal to the current pool surface area - Figure 2-2 left

1<ISVBCV < NSEGCV :
A is equal to horizontal area of segment ISVBCV - Figure 2-2 right

ISVBCV > NSEGCV :

ISVBCYV defines a limit, in %, in the relative pool level, above which
bubbles are not transported to the pool surface. For example, if
ISVBCV=90, then when liquid level is above 90% of the CV height
there is no transport of bubbles to the pool surface (A, = 0.0) A transition
zone of 0.1xISVBCYV is defined, where A, is interpolated between 0.0
and the full value. In the considered example, the full area will be for
liquid levels < 0.9xISVBCV = 0.81.

This option may be useful for vertical pipes nodalized with multiple
CVs. In such case use of a homogeneous CV is more appropriate -
(record 168XXX, Figure 2-5). Use of heterogeneous CV leads to
undesired multiple liquid levels in the pipe, with bubbles transported to
the pool surface and then as atmosphere in the junction - Figure 2-3 left.
Use of the ISVBCYV as a cut-off parameter allows the user to define the
liquid level in the CV above which there will be no transport of bubbles
to the pool surface and thus there will be a flow of pool and bubbles only
in all junctions - Figure 2-3 right.

Note 1: this option works also for aerosol particles suspended in the
pool. If the particle vertical velocity is positive (VINPRT > 0.0 or drag
coefficient is used with particle density < pool density), then flow of
particles to the pool surface will be eliminated when liquid level is above
ISVBCV %.

Note 2: This option requires that there is a JN connected at the top of the
CV. This JN is associated with ISVBCV and is given a name JSVBJN.
Acceptable range: 0<ISVBCV <100

Default value: 0
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Figure 2-3 Use of ISVBCV to define vertical pool / bubble flow

2.1.20 Records: 151XXX, Drop Flow Regime Parameters

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

This record defines data for the drift flux model, which is used for the droplet transport in atmosphere
of CV. This record is optional. All entries from this record have their default values, recommended
for general application.

W-1(R): COVACV Constant Co for drift flux model for CV atmosphere, vertical velocity
(see Volume 1). This is the value denoted in Volume 1 as: Coua, (-).
Acceptable range: 0.0 < COVACV < 10.0. If no value or zero is
entered, then Coya is calculated by the Drop Flow
Regime Model, as described in Volume 1.
Default value: 0.0, a small value (<10 value will set Co to 0.0

W-2 (R): VIVACV  Terminal velocity, v.., for drift flux model for CV atmosphere, vertical
velocity (see Volume 1). This is the value denoted in Volume 1 as: Vey.a,
(mfs).
Acceptable range: —100.0 < VIVACV < 100.0. If no value or zero is
entered, then V.. is calculated by the Drop Flow
Regime Model, as described in Volume 1.

K6223/24.277594 MSt-2402 43



SPECTRA Code Manuals - Volume 2: User’s Guide

Default value: 0.0, a small value (<10-*°) value will set v..to 0.0

W-3(R): XVACV  Exponent x for drift flux model for CV atmosphere, vertical velocity (see
Volume 1). This is the value denoted in Volume 1 as: Xva, (-).
Acceptable range: 0.0 < XVACV <10.0. If no value or zero is entered,
then xya is calculated by the Drop Flow Regime
Model, as described in VVolume 1.
Default value: 0.0

W-4 (R): COHACV  Constant Co for drift flux model for CV atmosphere, horizontal velocity
(see Volume 1). This is the value denoted in Volume 1 as: Copa, (-).
Acceptable range: 0.0 < COHACV < 10.0. If no value or zero is
entered, then Cona is calculated by the Drop Flow
Regime Model, as described in Volume 1.
Default value: 0.0, a small value (<107*9) value will set Co to 0.0

W-5 (R) : VIHACV  Terminal velocity, v., for drift flux model for CV atmosphere, horizontal
velocity (see Volume 1). This is the value denoted in Volume 1 as: Voo a,
(m/s).
Acceptable range: —100.0 < VIHACV < 100.0. If no value or zero is
entered, then v a is calculated by the Drop Flow
Regime Model, as described in Volume 1.
Default value: 0.0, a small value (<10-*°) value will set v..to 0.0

W-6 (R) : XHACV  Exponent x for drift flux model for CV atmosphere, horizontal velocity
(see Volume 1). This is the value denoted in VVolume 1 as: Xpa, (-).
Acceptable range: 0.0 < XHACV < 10.0. If no value or zero is entered,
then xna is calculated by the Drop Flow regime
Model, as described in VVolume 1.
Default value: 0.0

2.1.21 Records: 152XXX, Bubbly and Annular Flow Parameters

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control VVolumes is 550 (999 in
LINUX version).

This record defines data for the drift flux model, which is used for the bubble transport in pool of CV.
This record is optional. All entries from this record have their default values, recommended for general
application.

W-1(R): COVPCV Constant Co for drift flux model for CV pool, vertical velocity (see
Volume 1). This is the value denoted in Volume 1 as: Cop, (-).
Acceptable range: 0.0 <COVPCV <10.0. If no value or zero is entered,
then Co,p is calculated by the Bubbly Flow Regime
Model, as described in Volume 1.
Default value: 0.0, a small value (<10-*°) value will set Co to 0.0
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W-4 (R) :

W-5 (R) :

W-6 (R) :

W-7 (R) :

2.1.22 Records: 153XXX,
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VIVPCV

XVPCV

COHPCV

VIHPCV

XHPCV

IANNCV

Terminal velocity, v., for drift flux model for CV pool, vertical velocity

(see Volume 1). This is the value denoted in Volume 1 as: V..p, (M/S).

Acceptable range: —100.0 < VIVPCV < 100.0. If no value or zero is
entered, then v..vp IS calculated by the Bubbly Flow
Regime Model, as described in Volume 1.

Default value: 0.0, a small value (<10-%°) value will set v.,to 0.0

Exponent x for drift flux model for CV pool, vertical velocity (see

Volume 1). This is the value denoted in Volume 1 as: Xvp, (-).

Acceptable range: 0.0 < XVPCV <10.0. If no value or zero is entered,
then xyp is calculated by the Bubbly Flow Regime
Model, as described in Volume 1.

Default value: 0.0

Constant C, for drift flux model for CV pool, horizontal velocity (see

Volume 1). This is the value denoted in Volume 1 as: Cope, (-).

Acceptable range: 0.0 <COHPCV <10.0. If no value or zero is entered,
then Cope is calculated by the Bubbly Flow Regime
Model, as described in Volume 1.

Default value: 0.0, a small value (<10-) value will set Co to 0.0

Terminal velocity, v., for drift flux model for CV pool, horizontal

velocity (see Volume 1). This is the value denoted in Volume 1 as: Veonp,

(m/s).

Acceptable range: —100.0 < VIHPCV < 100.0. If no value or zero is
entered, then v..p is calculated by the Bubbly Flow
Regime Model, as described in Volume 1.

Default value: 0.0, a small value (<10-%°) value will set v.,t0 0.0

Exponent x for drift flux model for CV pool, horizontal velocity (see

Volume 1). This is the value denoted in Volume 1 as: Xnp, (-).

Acceptable range: 0.0 < XHPCV < 10.0. If no value or zero is entered,
then xnp is calculated by the Bubbly Flow Regime
Model, as described in Volume 1.

Default value: 0.0

Annular flow model selection.

=1: Default model, (see Volume 1).

=2:  Dartmouth correlation, (see Volume 1).
Acceptable range: 1or 2.

Default value: 1.

Plume Model for Mass Sources

XXX is the Control VVolume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).
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These records activate plume models for one or more mass sources present in the Control Volume.
The plume model may be activated only if stratification is calculated for the Control VVolume (record
100XXX, section 2.1.2).

Description of the plume model is given in Volume 1. If stratifications are calculated then the plume
model may be activated for any of the mass sources present in the Control Volume. To activate the
model for a single source and a single component, a set of three integer numbers, described below,
must be entered. To activate the model for several mass sources, several sets of three integer numbers
should be entered in this record.

W-1 (1) : I Number of the mass source for which the plume model is desired. Must
be equal to one of the mass sources defined for this Control VVolume
through records 13Y XXX (section 2.1.15).
Acceptable range: 1 <1< No. of sources defined on 13Y XXX,
Default value: none.

W-2 (1) : J Identifier of component, for which the plume model is desired. J=1:
atmosphere; J=3: pool.
Acceptable range: 1 or 3.
Default value: none.

W-3 (1) : IPLMCV  Plume model activator. If IPLMCV = 0 then the plume model is not
active. If IPLMCV = 0 then the plume model is active for the mass
source I, in the component J of the Control Volume XXX.
Note that the plume model is used only when stratification models are
active. That means, the plumes may be activated in the atmosphere of
the Control Volume only if ITSPCV=0 (section 2.1.2), and in the pool
of the Control VVolume only if IPSPCV=0 (section 2.1.2).
Acceptable range: any integer.
Default value: 0.

etc., until all plumes are defined.
2.1.23 Records: 154XXX,  Plume Model for Energy Sources

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

These records activate plume models for one or more energy sources, present in the Control Volume.
The plume model may be activated only if stratification is calculated for the Control VVolume (record
100XXX, section 2.1.2).

Description of the plume model is given in Volume 1. If stratifications are calculated then the plume
model may be activated for any of the energy sources present in the Control VVolume. To activate the
model for a single source and a single component, a set of three integer numbers, described below,
must be entered. To activate the model for several energy sources, several sets of three integer numbers
must be entered in this record.
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W-1(1): I Number of the energy source for which the plume model is desired. Must
be equal to one of the energy sources defined for this Control VVolume
through records 14Y XXX (section 2.1.17).
Acceptable range: 1 <1< No. of sources defined on 14Y XXX,
Default value: none.

W-2(I): J Identifier of component, for which the plume model is desired. J=1:
atmosphere; J=3: pool.
Acceptable range: J=1, or J=3.
Default value: none.

W-3(I): IPLECV  Plume model activator. If IPLECV = 0 then the plume model is not
active. If IPLECV = 0 then the plume model is active for the energy
source |, in the component J of the Control Volume XXX.
Note that the plume model is used only when stratification models are
active. That means, the plumes may be activated in the atmosphere of
the Control Volume only if ITSPCV=0 (section 2.1.2), and in the pool
of the Control VVolume only if IPSPCV=0 (section 2.1.2).
Acceptable range: any integer.
Default value: 0.

etc., until all plumes are defined.

2.1.24 Records: 155000, Bubble Collapse Parameters, Droplet and Bubble Activators

Using this record one may specify the parameters described in record 155XXX for all Control
Volumes in the model - see description of record 155XXX below.

2.1.25 Records: 155XXX, Bubble Collapse Parameters, Droplet and Bubble Activators

XXX is the Control VVolume reference number, 001 < XXX < 999. NOTE: if XXX = 000, then the
parameters defined in this record are applied to all Control Volumes.

This record is optional. All entries from this record have their default values, recommended for general
application. Note! Switching off the bubble collapse models can lead to numerical convergence
problems. Specifically for boiling surfaces ( XBCMCV(2) ) the bubble collapse model ought not to
be switched off.

W-1(R): XBCMCV Bubble collapse model at Junctions.
1) XBCMCV(1) <0.0: model inactive,
XBCMCV(1) > 0.0: model active.
Acceptable range: all real numbers.
Default value: +1, if an alternative fluid is used (see section 2.12),

then the default value is -1

W-2 (R): XBCMCV Bubble collapse model at Solid Heat Conductor surfaces (boiling).
2 XBCMCV(2) <0.0: model inactive,
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W-3 (R) :

W-4 (R)

W-5 (1)

W-6 (1)

W-7 (R)
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XBCMCV
3)

DTBCCV

IDRPCV

IBUBCV

DMBLCV

XBCMCV(2) = 0.0: model active.
Acceptable range: all real numbers.
Default value: +1, if an alternative fluid is used (see section 2.12),

then the default value is -1

Bubble collapse model at Tabular Mass Sources.
XBCMCV(3) <0.0: model inactive,

XBCMCV(3) > 0.0: model active.
Acceptable range: all real numbers.
Default value: +1, if an alternative fluid is used (see section 2.12),

then the default value is -1

Pool subcooling to switch off the bubble collapse model at Solid Heat
Conductors and bubble flow or pure steam atmosphere flow through
Junctions, (K). If the value of XBCMCV/(2) (Word 2 above) is greater
than zero, then the bubble collapse model at the Solid Heat Conductor
(boiling) surfaces is used as follows. When the pool subcooling is larger
than 2-DTBCCYV then the bubble collapse model is used. When the pool
subcooling is smaller than DTBCCV then the bubble collapse model is
not used. Interpolation is performed for the pool subcooling between
DTBCCV and 2-DTBCCV. The same logic applies for the bubbles
flowing through Junctions.

Acceptable range: DTBCCV > 0.0. It is not recommended to decrease

DTBCCYV below its default value.

Default value: 0.5

Droplet model activator at Junctions, Solid Heat Conductors, and
Tabular Mass Sources. If IDRPCV is equal to 1 then created liquid is
always deposited directly in the pool. If IDRPCV is equal to 2 then the
liquid is either deposited in the pool (if Junction, SC/TC, or TMS
elevation is below the pool surface) or converted to droplets and
suspended in CV atmosphere (if elevation is above the pool surface).
Acceptable range: 1or 2.

Default value: 1.

Bubble model activator at Junctions, Solid Heat Conductors, and
Tabular Mass Sources. If IBUBCV is equal to 1 then the created gas is
always deposited directly in the atmosphere. If IBUBCV is equal to 2
then the gas is either deposited in the atmosphere (if Junction, SC/TC,
or TMS elevation is above the pool surface) or converted to bubbles and
suspended in the pool (if elevation is below the pool surface).
Acceptable range: 1or?2

Default value: 2

NOTE: In the earlier versions (prior to July 2018) the default value for
alternative fluids was 1. This may speed up calculations in cases when
bubble tracking is not important, which may be the case for example in
liquid metal reactors.

Maximum depth at which bubbles are created when boiling occurs at the

surface of Solid Heat Conductors, (m). If DMBLCYV is less than 0.0, then
bubbles are created at the true elevation of the Solid Heat Conductor
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DMNBCV

IDDCCV

DDMNCV

DDMXCV

DBMNCV

DBMXCV

surface. In reality, if the boiling surface is deeply submerged, there is
very little bubbles in the deep pool. Bubbles are rapidly created near the
pool surface, where pressure is close to saturation. To simulate this the
parameter DMBLCYV is used. When DMBLCV is set to a positive
number then the bubbles will be created not deeper than DMBLCV (m)
below the pool surface.

Acceptable range: DMBLCV <0, or 0.5 <DMBLCV <100.

Default value: 50.

Maximum depth at which bubbles are created during non-equilibrium
boiling, (m). If DMNBCYV is less than or equal to 0.0, then bubbles are
created in the middle of the pool. If DMNBCYV is set to a positive number
then the bubbles will be created not deeper than DMNBCV (m) below
the pool surface. Note that DMNBCYV is used only when bubbles from
non-equilibrium boiling are activated (MNMTCV = 0, record 163XXX,
section 2.1.37).

Acceptable range: DMNBCV <0, or 0.5 < DMNBCV <100 .

Default value: 2.0.

Calculation of the diameter of droplets created due to Junction flows or

Tabular Mass Sources.

IDDCCV =1: Use only Taylor instability model.

IDDCCV =2: Maximum of Kutateladze-Styrikovic and Taylor.

Acceptable range: lor?2.

Default value: 1 (Note! Use of the second option may give
unrealistic results when only small part of Junction
flow area is occupied by liquid).

Lower limit for diameter of droplets created due to Junction flows or
Tabular Mass Sources.

Acceptable range: 1.0x10° < DDMNCV < 1.0x102

Default value: 1.0x10°3,

Upper limit for diameter of droplets created due to Junction flows or
Tabular Mass Sources.

Acceptable range: DDMNCV < DDMXCV < 1.0x101,

Default value: 2.0x1072

Lower limit for diameter of bubbles created due to Junction flows or
Tabular Mass Sources.

Acceptable range: 1.0-10* < DBMNCV < 1.0x101,

Default value: 1.0x10°3,

Upper limit for diameter of bubbles created due to Junction flows or
Tabular Mass Sources.

Acceptable range: DBMNCV < DBMXCV < 1.0x10%.

Default value: 9.0x1072,
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2.1.26 Records: 156000,

Velocity Limits to Deactivate Plume Model

Using this record one may specify the parameters described in record 156XXX for all Control
Volumes in the model - see description of record 156 XXX below.

2.1.27 Records: 156XXX,

Velocity Limits to Deactivate Plume Model

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in

LINUX version).

This record is optional. All entries from this record have their default values, recommended for general

application.

W-1(R): VPLCCV
(iatms)

W-2 (R) : VPLCCV
(ipool)

W-3 (R) : VPLCCV
(ibubb)

2.1.28 Records: 157000,

Velocity to deactivate atmosphere plume model in Junctions, (m/s).
Used when Junction flow of atmosphere gas enters the atmosphere of
CV, and the atmosphere plume model for this Junction is active (see
section 2.2.20). If the atmosphere velocity in the Junction exceeds
VPLCCV(iatms), then the atmosphere plume model is deactivated for
this Junction.

Acceptable range: 0.1 <VPLCCV(iatms) <1000.0

Default value: 1.0.

Velocity to deactivate pool plume model in Junctions, (m/s).

Used when Junction flow of liquid enters the pool of CV, and the pool
plume model for this Junction is active (see section 2.2.20). If the pool
velocity in the Junction exceeds VPLCCV/(ipool), then the pool plume
model is deactivated for this Junction.

Acceptable range: 0.1 <VPLCCV(ipool) <1000.0

Default value: 1.0.

Velocity to deactivate pool plume model in Junctions, (m/s).

Used when Junction flow of atmosphere gas enters the pool of CV, and
the pool plume model for this Junction is active (see section 2.2.20). If
the atmosphere velocity multiplied by: (1 — cu2o) (Where chzo is the
volumetric fraction of steam), in the Junction exceeds VPLCCV (ibubb),
then the pool plume model is deactivated for this Junction.

Acceptable range: 0.1 <VPLCCV(ibubb) <1000.0

Default value: 1.0.

CV Velocity Change Limits

Using this record one may specify the parameters described in record 157XXX for all Control
Volumes in the model - see description of record 157XXX below.

50
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2.1.29 Records: 157XXX, CV Velocity Change Limits

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

This record is optional. All entries from this record have their default values, recommended for general
application.

W-1(R): DVDTCV Maximum velocity change rate for atmosphere velocities inside CV,
(iatms) dVams/dt, (M/s?).
Acceptable range: 1.0x102 < DVDTCV(iatms) < 1.0x10°
Default value: 50.0

W-2 (R): DVDTCV Maximum velocity change rate for droplet velocities inside CV,
(idrop) dVarop/dt, (m/s?).
Acceptable range: 1.0x102 < DVDTCV(idrop) < 1.0x10°
Default value: 50.0

W-3 (R): DVDTCV Maximum velocity change rate for pool velocities inside CV,
(ipool) dVpoo/dt, (m/s?).
Acceptable range: 1.0x102< DVDTCV(ipool) < 1.0x10°
Default value: 5.0

W-4 (R) : DVDTCV Maximum velocity change rate for bubble velocities inside CV,
(ibubb) dVouoo/dt, (M/s?).
Acceptable range: 1.0x102 < DVDTCV(ibubb) < 1.0x10°
Default value: 5.0

2.1.30 Records: 158000, Treatment of Dispersed Components (Bubbles, Droplets)

Using this record one may specify the parameters described in record 158XXX for all Control
Volumes in the model - see description of record 158 XXX below.

2.1.31 Records: 158XXX,  Treatment of Dispersed Components (Bubbles, Droplets)

XXX is the Control VVolume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

Data entered in this record defines how the dispersed components (bubbles and droplets are treated in
the Control Volume. Note that by default a simple model is employed, where the number of
bubbles/droplets and the average position of the bubble/droplet are not tracked (bubble/droplet count
and position equations are disabled). The most accurate results are obtained with the bubble/droplet
count and the bubble/droplet position calculated. This option is however more time consuming and
should be employed only for selected Control VVolumes, where the particle transport is particularly
important.
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IWATCV

DEWFCV

DDWFCV

Dispersed component treatment indicator:

IWATCV = —1: Detailed treatment of dispersed components (droplets,
bubbles). Both bubble/droplet count and position equation are employed
to calculate bubble/droplet average diameter and average position. This
option gives most accurate results for bubbles and droplets but is most
time consuming.

IWATCV = 1: Detailed treatment of dispersed components (droplets,
bubbles). Simplified heat and mass transfer at the bubble-pool interphase
(droplets are not affected). Use this option in case when detailed
treatment of bubbles is desired but numerical problems with bubbles are
encountered when IWATCV = -1 is used.

IWATCV=2: Detailed treatment of dispersed components (droplets,
bubbles). Additionally mass transfer at the pool surface is deactivated.
Bubble vertical de-entrainment (bubble flow to the pool surface) is
deactivated if the average bubble volumetric fraction in the pool is below
the limit DEWFCV (Word 2 below). This option is intended only for
eventual sensitivity calculations and only for Control VVolumes that are
permanently filled with water (i.e. the pool level is during the whole
calculations at or near the top of the Control Volume)._It is not
recommended to use this option.

IWATCV=3: Simplified treatment of dispersed components (droplets,
bubbles), with user input average particle diameters (Words 3 and 4
below), and average particle positions (Words 5 and 6 below). This is
the default option, giving fast but less accurate results for
bubbles/droplets.

IWATCV=4: Simplified treatment of dispersed components (droplets,
bubbles), with user input average particle diameters (Words 3 and 4
below), and average particle positions (Words 5 and 6 below).
Additionally mass transfer at the pool surface is deactivated. Bubble
vertical de-entrainment (bubble flow to the pool surface) is deactivated
if the average bubble volumetric fraction in the pool is below the limit
DEWFCV (Word 2 below). This option is intended only for eventual
sensitivity calculations and only for Control Volumes that are
permanently filled with water (i.e. the pool level is during the whole
calculations at or near the top of the Control Volume)._It is not
recommended to use this option.

Acceptable range: any integer

Default value: 3

Minimum value of the average bubble volumetric fraction to activate the
bubble de-entrainment (flow through pool surface to the atmosphere), (-
). Used if IWATCV =2, or IWATCV =4.

Acceptable range: 0.0 < DEWFCV <0.90

Default value: 0.90

Average droplet diameter, (m). Used if IWATCV = 3, or 4. If no value
is entered, then the droplet diameter is obtained from correlations for
breakup of a jet flows and atomization (see VVolume 1).

Acceptable range: 0.0001 < DDWFCV <£0.02

Default value: 0.01
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DBWEFCV Average bubble diameter, (m). Used if IWATCV = 3, or 4. If no value

ZDWFCV

ZBWFCV

AIWFCV

A2WFCV

ISTRCV

is entered, then the bubble diameter is obtained from correlations for
bubbly and slug flow, based on flow regime map defined in record
167000 (see section 2.1.42).

Acceptable range: 0.0001 < DBWFCV < 0.1, if non-zero

Default value: 0.0

Average relative droplet position (distance from the top of CV to the
average droplet position, divided by the height of the CV atmosphere),
(-). Used if IWATCV = 3, or 4.

Acceptable range: 0.5<ZDWFCV <0.9

Default value: 0.5

Average relative bubble position (distance from the bottom of CV to the
average bubble position, divided by the height of the CV pool), (-). Used
if IWATCV =3, or 4.

Acceptable range: 0.5<ZBWFCV <0.9.

Default value: 0.5

Lower value of the average bubble volumetric fraction for the bubble -
annular transition, (-). When the average bubble volumetric fraction is
smaller than AIWFCV, then the bubble average position is equal to
ZBWFCV. When the average bubble volumetric fraction is larger than
A2WFCV (Word 7 below), then the bubble average position is equal to
0.5. Used if IWATCV =3, or 4.

Acceptable range: 0.1 <AIWFCV<0.8

Default value: 0.75

Upper value of the average bubble volumetric fraction for the bubble -
annular transition, (-). When the average bubble volumetric fraction is
smaller than AIWFCV (Word 6 above), then the bubble average
position is equal to ZBWFCV. When the average bubble volumetric
fraction is larger than A2WFCV, then the bubble average position is
equal to 0.5. Used if IWATCV = 3,0r 4.

Acceptable range: AIWFCV+0.05 < A2WFCV <0.85

Default value: 0.80

Stratification Option

Stratification option. Used only for these Control Volumes for which
IDSPCV is not equal to zero (see section 2.1.2).

ISTRCV=0: the stratification parameter DSPCV is applied for all gases
present in a given Control Volume. The stratification gradient is
therefore the same for all gases.

ISTRCV>0: the stratification parameter DSPCV is applied for a single
gas only. The gas identification number is equal to ISTRCV (see list of
available gases in the section 2.1.10). All other gases are assumed to be
well mixed.

Acceptable range: 0 <ISTRCV < NGASCV < NGMXFL =20
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Default value: 0
2.1.33 Records: 160000, Pump/Compressor/Turbine Power Option

W-1 (1) : IPPOCV  Pump power option.
IPPOCV=0: the pump/compressor/turbine power, calculated by the JN
Package (calculated always for the Type 2 pumps and the mechanistic
turbine models), is added to a downstream Control VVolume.
IPPOCV>1: the pump/compressor/turbine power is ignored in the CV
energy balance.
Acceptable range: 0and 1
Default value: 0

2.1.34 Records: 161000, Bubble Distribution Parameter and Terminal Velocity

The model for bubble distribution parameter calculation may be selected using this record. This record
is optional. All entries from this record have their default values, recommended for general application.

The parameters defined in this record affect the bubble rise model in all Control Volumes and all
Junctions

W-1(1): MODCO  Selection of the model for bubble distribution parameter, Co, calculation.
The model selected by this record will be used only if Co is calculated
by the code, and not specified as an input. This means:
for CV: COVPCV =0 (record 152X XX, section 2.1.21)
for JN: COVPIN =0 (record 252X XX, section 2.2.19)
MODCO=1: Zuber and Findlay correlation: Co = 1.2
MODCO0=2: Sun et al. correlation: Co=1/(0.82+0.12 p / Perit )
Acceptable range: 1or?2
Default value: 1

W-2 (1) : MODVI  Selection of the model for bubble (and particle) terminal velocity, Ve,
calculation. The model selected by this record will be used only if v., is
calculated by the code, and not specified as an input. This means:
for CV: VIVPCV =0 (record 152X XX, section 2.1.21)
for JN: VIVPIN =0 (record 252X XX, section 2.2.19)
MODVI=1: Default set of correlations is applied for bubbles
(Hadamard & Rybczynski, Peebles & Garber, Zuber, Davies & Taylor)
and droplets (Hadamard & Rybczynski, Wallis) with drag coefficient Cp
defined by CDRGCV, below. Three Cp regimes are described in Volume
1
MODVI=2: Alternative correlation is applied for bubbles, droplets and
particles in the pool (if VINPRT>100, VINFRT>100). The correlation
is based on drag coefficient:

1/2
y —| 418 Bale —py)
- Co P
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g gravity constant, = 9.81 (m/s?)

pe fluid density, (kg/mq)

pp  bubble (particle) density, (kg/m3)

D bubble diameter, (m)

Co drag coefficient, (CDRGCV below), five Cp regimes are
described in Volume 1

Acceptable range: 1or?2

Default value: 1

W-3(R) : CDRGCV Definition of drag coefficient
<1000: CDRGCYV = drag coefficient for large Re, Cpre—o
> 1000: drag coefficient is defined by a Tabular Function number
CDRGCV-1000, as a function of Re: Cp = f(Re). The values obtained
from the TF are limited to the minimum of 102 and a maximum of 102
Use of TF is possible only when the alternative correlation is used,
MODVI=2.
Acceptable range: 0.0 < CDRGCV <100.0
or reference to a Tabular Function
Default value: 0.44 if MODVI = 1 (applied to droplets only;
bubble correlation has no user-defined parameters,
see Volume 1, section “Bubble velocities™)
0.47 if MODVI = 2 (applied to droplets, bubbles
and particles suspended in the liquid pool)

W-4 (R) : CSMLCV  Constant Csman in the correlation for small particles:
1 D,%a(p; —p,)
Vo :E' : f . 'Csmall
Ui

Used if MODVI=2. If a non-zero value is provided, the correlation is
used if the absolute value obtained from this correlation is smaller than
the absolute value obtained from the drag of the correlation.
Acceptable range: 0.1 < CSMLCV<10.00r0.0

Default value: 1.0 (a small value, <0.1, sets the value to zero)

Note that in order to model most accurately bubbly flow in a series of Control Volumes, the option
ISVBCV should be used (Figure 2-3). This will allow to avoid bubble flow to the pool surface in CV
and let the bubbles flow directly from the pool of one CV to another (see record 150XXX).

2.1.35 Records: 162000, Critical Depth for Bubble Formation

The model for bubble distribution parameter calculation may be selected using this record. This record
is optional. All entries from this record have their default values, recommended for general application.
The parameters defined in this record affect the bubble rise model in all Control VVolumes.

W-1(R) : TCMCV  Critical depth/height of bubble/droplet source for the bubble/droplet
formation (m). If the distance of a bubble/droplet source is smaller than
TCMCYV from the pool surface, then the bubbles/droplets are placed
directly in the atmosphere/pool of CV. If the depth/height is larger than
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2XTCMCV, the bubbles/droplets are created (if the activators
IBUBCV/IDRPCV are on). An interpolation is performed for depths
between TCMCV and 2xTCMCV.

Acceptable range: 0.001 < TCMCV <0.1

Default value: 0.01 (0.05 in code versions before Nov 2018)

The following parameters determine how the tabular mass sources for a Control VVolume are handled.

o If the elevation of a tabular mass source is higher than the current pool surface + DZUPCV,
then the mass source is purely for atmosphere of CV (liquid sources create droplets).

o If the elevation of a tabular mass source is lower than the current pool surface — DZDNCV,
then the mass source is purely for pool of CV (gas sources create bubbles).

o fthe elevation of a tabular mass source is between pool surface — DZDNCV and pool surface
+ DZUPCYV, then the gas mass sources are placed in the atmosphere and liquid sources are
placed in the pool of CV (bubbles or droplets are not created)

W-2(R) : DZUPCV If a tabular mass source is placed higher than the pool surface +
DZUPCV, then the mass source is purely for atmosphere of CV.
Acceptable range: 0.001 < DZUPCV <£0.1
Default value: 0.01 (0.1 in code versions before Nov 2018)

W-3(R) : DZDNCV If a tabular mass source is placed lower than the pool surface —
DZUPCYV, then the mass source is purely for pool of CV.
Acceptable range: 0.001 < DZDNCV <£0.1
Default value: 0.01 (0.1 in code versions before Nov 2018)

2.1.36 Records: 163000, Non-equilibrium Mass Transfer Parameters

Using this record one may specify the parameters described in record 163XXX for all Control
Volumes in the model - see description of record 163XXX below.

2.1.37 Records: 163XXX,  Non-equilibrium Mass Transfer Parameters

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

The constants used in the non-equilibrium mass transfer models (bulk boiling and the bulk
condensation - see Volume 1) may be redefined in this record. This record is optional. All entries from
this record have their default values, recommended for general application.

W-1(R): CBBACV Bulk boiling model constant, Cgg. The model can be disabled by setting
CBBACV toavalue<-1.0.
Acceptable range: 10“4 < CBBACV <0.1, or CBBACV <-1.0.
Default value: 0.005.

W-2 (R): CBCACV Bulk condensation model constant, Cgc. The model can be disabled by
setting CBCACV to a value <-1.0

56 K6223/24.277594 MSt-2402



SPECTRA Code Manuals - Volume 2: User’s Guide

Acceptable range: 10* < CBCACV <0.1, or CBCACV <-1.0.
Default value: 0.005.

W-3(I): MNPBCV Treatment of steam created due to non-equilibrium boiling.
MNPBCV < 0: steam is placed at the pool-atmosphere interphase. This
is not a physically rigorous treatment, but it saves computing effort.
MNPBCV > 0: steam bubbles are suspended in the pool. This is a
rigorous physical treatment of the non-equilibrium mass transfer.
However it may result in time step cuts and therefore slower
calculations. This method is necessary only for rapid depressurization,
for example RPV blowdown.
Acceptable range: all integers.
Default value: +1.

W-4 (I) : MNPCCV Treatment of water created due to non-equilibrium condensation.
MNPCCV < 0: water is placed at the pool-atmosphere interphase. See
comment to the Word 3 above.

MNPCCV > 0: water droplets are suspended in the atmosphere (fog
creation). See comment to the Word 3 above.

Acceptable range: all integers.

Default value: -1.

W-5(1): MNMDCYV Activator of the non-equilibrium mass transfer model inside droplets.
MNMDCYV < 0: the model is inactive,
MNMDCYV > 0: the model is active.
Typically there is no need to use the model. The model should be
switched on if hot liquid, from a relatively high pressure source, is
present in a Control VVolume (for example RPV blowdown - see Volume
3), or when droplets are present in a strongly superheated atmosphere.
Acceptable range: all integers.
Default value: -1

W-6 (1) : MNMBCV Activator of the non-equilibrium mass transfer model inside bubbles.
MNMBCYV < 0: the model is inactive,
MNMBCYV > 0: the model is active.
Typically there is no need to use the model. The model should be
activated if the bubble relative humidity is observed to exceed 1.0 .
Acceptable range: all integers.
Default value: -1

W-7(R) : DFOGCV Fog/mist diameter, (m). Used if MNPCCV>0 (Word 4) as a diameter of
droplets created due to non-equilibrium condensation (fogging), or as a
droplet diameter in mist flow for homogeneous volumes (IHOMCV=2)
Acceptable range: 1.0x10° < DFOGCV < 1.0x102
Default value: 1.0x10* if IHOMCV=1 (heterogeneous CV)

1.0x1073 if IHOMCV=2 (homogeneous CV)

2.1.38 Records: 164000, Interphase Heat and Mass Transfer Parameters -Global

The interphase heat and mass transfer model can be deactivated using this record. This record is
optional. All entries from this record have their default values, recommended for general application.
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MINGCV
(IPLAT)

MINGCV
(IDPAT)

MINGCV
(IBBPL)

VINGCV
(IPLAT)

VINGCV
(IDPAT)

VINGCV
(IBBPL)

XINGCV

Interphase heat and mass transfer model global activator.
Pool-atmosphere interphase.

MINGCV(IPLAT) = -1: inactive

MINGCV/(IPLAT) = +1: heat and mass transfer models are active
MINGCV/(IPLAT) = +2: only heat transfer is active. Exactly the same
effect is obtained with MINGCV/(IPLAT) = +1 if the Sherwood number
multiplier, XSHPHT - section 2.13.2, is set to 0.0.

Acceptable range: -1, +1, +2

Default value: +1, if alternative fluid is used: +2

Interphase heat and mass transfer model global activator.
Droplet-atmosphere interphase.

MINGCV(IDPAT) = —1: inactive

MINGCV/(IDPAT) = +1: heat and mass transfer models are active
MINGCV/(IDPAT) = +2: only heat transfer is active. Exactly the same
effect is obtained with MINGCV/(IDPAT) = +1 if the Sherwood number
multiplier, XSHDHT - section 2.13.2, is set to 0.0.

Acceptable range: -1, +1, +2

Default value: +1, if alternative fluid is used: +2

Interphase heat and mass transfer model global activator.

Bubble-pool interphase.

MINGCV(IBBPL) = —1: inactive

MINGCV/(IBBPL) = +1: heat and mass transfer models are active
MINGCV/(IBBPL) = +2: only heat transfer is active. Exactly the same
effect is obtained with MINGCV(IBBPL) = +1 if the Sherwood number
multiplier, XSHBHT - section 2.13.2, is set to 0.0.

Acceptable range: -1, +1, +2

Default value: +1, if alternative fluid is used: +2

Minimum velocity, (m/s), for interphase heat transfer calculation.
Pool-atmosphere interphase - see Volume 1, Heat and Mass Transfer
Package, description of pool-atmosphere heat and mass transfer
calculation.

Acceptable range: 0.0 < VINGCV(IPLAT) <1000.0

Default value: 0.0

Minimum velocity, (m/s), for interphase heat transfer calculation.
Droplet-atmosphere interphase - see Volume 1, Heat and Mass Transfer
Package, description of droplet-atmosphere heat and mass transfer
calculation.

Acceptable range: 0.0 < VINGCV(IDPAT) < 1000.0

Default value: 0.0

Minimum velocity, (m/s), for interphase heat transfer calculation.
Bubble-pool interphase - see Volume 1, Heat and Mass Transfer
Package, description of bubble-pool heat and mass transfer calculation.
Acceptable range: 0.0 < VINGCV/(IBBPL) <1000.0

Default value: 0.0

Multiplier on the interphase heat and mass transfer calculation for the
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(IPLAT)  pool-atmosphere interphase.
Acceptable range: 0.0 < XINGCV(IPLAT)<1.0
Default value: 1.0

W-8 () : XINGCV  Multiplier on the interphase heat and mass transfer calculation for the
(IDPAT)  droplet-atmosphere interphase.
Acceptable range: 0.0 < XINGCV(IDPAT)<1.0
Default value: 1.0

W-9(I): XINGCV  Multiplier on the interphase heat and mass transfer calculation for the
(IBBPL)  bubble-pool interphase.
Acceptable range: 0.0 < XINGCV(IBBPL) < 1.0

Default value: 0.1 (This default value was chosen to improve the
computational speed. Typically, results are not
significantly affected.)

2.1.39 Records: 164XXX, Interphase Heat and Mass Transfer Parameters

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control VVolumes is 550 (999 in
LINUX version). The interphase heat and mass transfer model can be deactivated using this record.
This record is optional. All entries from this record have their default values, recommended for general
application.

W-1(I): MINTCV Interphase heat and mass transfer model individual activator.
(IPLAT)  Pool-atmosphere interphase.

MINTCV(IPLAT) = -1: inactive
MINTCV(IPLAT) = +1: heat and mass transfer models are active
MINTCV/(IPLAT) = +2: only heat transfer is active. Exactly the same
effect is obtained with MINTCV(IPLAT) = +1 if the Sherwood number
multiplier, XSHPHT - section 2.13.2, is set to 0.0.
Acceptable range: -1, +1, +2, if alternative fluid is used: -1 or +2
Default value: MINGCV(IPLAT) - record 164000

W-2(I): MINTCV Interphase heat and mass transfer model individual activator.
(IDPAT)  Droplet-atmosphere interphase.

MINTCV/(IDPAT) = —1: inactive
MINTCV/(IDPAT) = +1: heat and mass transfer models are active
MINTCV/(IDPAT) = +2: only heat transfer is active. Exactly the same
effect is obtained with MINTCV(IDPAT) = +1 if the Sherwood number
multiplier, XSHDHT - section 2.13.2, is set to 0.0.
Acceptable range: -1, +1, +2, if alternative fluid is used: -1 or +2
Default value: MINGCV/(IDPAT) - record 164000

W-3(I): MINTCV Interphase heat and mass transfer model individual activator.
(IBBPL)  Bubble-pool interphase.
MINTCV(IBBPL) =-1: inactive
MINTCV/(IBBPL) = +1: heat and mass transfer models are active
MINTCV(IBBPL) = +2: only heat transfer is active. Exactly the same
effect is obtained with MINTCV(IBBPL) = +1 if the Sherwood number
multiplier, XSHBHT - section 2.13.2, is set to 0.0.
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Acceptable range: -1, +1, +2, if alternative fluid is used: —1 or +2
Default value: MINGCV/(IBBPL) - record 164000

W-4 (1) : VINTCV  Minimum velocity, (m/s), for interphase heat transfer calculation.
(IPLAT)  Pool-atmosphere interphase - see Volume 1, Heat and Mass Transfer
Package, description of pool-atmosphere heat and mass transfer
calculation.
Acceptable range: 0.0 < VINTCV(IPLAT) < 1000.0
Default value: VINGCV/(IPLAT) - record 164000

W-5 (1) : VINTCV  Minimum velocity, (m/s), for interphase heat transfer calculation.
(IDPAT)  Droplet-atmosphere interphase - see Volume 1, Heat and Mass Transfer
Package, description of droplet-atmosphere heat and mass transfer
calculation.
Acceptable range: 0.0 < VINTCV(IDPAT) < 1000.0
Default value: VINGCV/(IDPAT) - record 164000

W-6 (1) : VINTCV  Minimum velocity, (m/s), for interphase heat transfer calculation.
(IBBPL)  Bubble-pool interphase - see Volume 1, Heat and Mass Transfer
Package, description of bubble-pool heat and mass transfer calculation.
Acceptable range: 0.0 < VINTCV(IBBPL) < 1000.0
Default value: VINGCV/(IBBPL) - record 164000

W-7 (1) : XINTCV  Multiplier on for interphase heat and mass transfer calculation for the
(IPLAT)  pool-atmosphere interphase.
Acceptable range: 0.0 < XINTCV(IPLAT)<1.0
Default value: XINGCV(IPLAT) - record 164000

W-8 (1) : XINTCV  Multiplier on for interphase heat and mass transfer calculation for the
(IDPAT)  droplet-atmosphere interphase.
Acceptable range: 0.0 < XINTCV(IDPAT)<1.0
Default value: XINGCV(IDPAT) - record 164000

W-9 (1) : XINTCV  Multiplier on for interphase heat and mass transfer calculation for the
(IBBPL)  bubble-pool interphase.
Acceptable range: 0.0 < XINTCV(IBBPL) < 1.0
Default value: XINGCV(IBBPL) - record 164000 if IWATCV>0,
1.0 if IWATCV<O (detailed bubble treatment).

2.1.40 Records: 165XXX, De-entrainment Calculation Options

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control VVolumes is 550 (999 in
LINUX version). This record is optional. All entries from this record have their default values,
recommended for general application.

W-1(1): MDEDCYV Droplet vertical de-entrainment calculation indicator.
MDEDCYV = 1: implicit (recommended),
MDEDCYV = 2: explicit.
Acceptable range: 1 or 2.

60 K6223/24.277594 MSt-2402



W-2(I):

SPECTRA Code Manuals - Volume 2: User’s Guide

MDEBCV

2.1.41 Records: 166000,

W-1 (1) :

W-2 (1) :

W-3(I):

W-4 (1) :

IFRZCV

IHTOCV

ILPOCV

IHPOCV

Default value: 1.

Bubble vertical de-entrainment calculation indicator.
MDEBCYV = 1: implicit (recommended),

MDEBCYV = 2: explicit.

Acceptable range: 1or2.

Default value: 1.

Freezing / Exceeding Fluid Property Domain Options

Freezing option.

IFRZCV=L1: freezing not allowed (code stops if freezing encountered).
IFRZCV=2: freezing ignored. Temperature is set to 273 K. In this case
the mass and energy balances are violated (mass and energy errors
should be checked in the output file; search for :=CV= DATA
SUMMED FOR ALL CONTROL VOLUMES”). This option is
convenient in case of sudden depressurization of accumulator volumes
or gas cooled reactors (HTR, PBMR).

Acceptable range: 1lor?2

Default value: 1

High temperature option.

IHTOCV=1: temperatures above the maximum temperature in the Fluid
Property data tables not allowed (the code stops).

IHTOCV=2: temperatures above the maximum temperature in the Fluid
Property data tables are ignored. Temperature is set to a maximum value
in the Fluid Property data tables and calculations are continued. In this
case the mass and energy balances are violated (mass and energy errors
should be checked in the output file; search for :”=CV= DATA
SUMMED FOR ALL CONTROL VOLUMES”).

Acceptable range: 1or?2

Default value: 1

Low pressure option.

ILPOCV=1: pressures below the minimum pressure in the Fluid
Property data tables not allowed (the code stops).

IHPOCV=2: pressures below the maximum pressure in the Fluid
Property data tables are ignored. Pressure is set to a minimum value in
the Fluid Property data tables and calculations are continued. In this case
the mass and energy balances are violated (mass and energy errors
should be checked in the output file; search for :=CV= DATA
SUMMED FOR ALL CONTROL VOLUMES”).

Acceptable range: 1lor?2

Default value: 1

High pressure option.

IHPOCV=1: pressures above the maximum pressure in the Fluid
Property data tables not allowed (the code stops).

IHPOCV=2: pressures above the maximum pressure in the Fluid
Property data tables are ignored. Pressure is set to a maximum value in
the Fluid Property data tables and calculations are continued. In this case
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HMAXCV

2.1.42 Records: 167000,

the mass and energy balances are violated (mass and energy errors
should be checked in the output file; search for :"=CV= DATA
SUMMED FOR ALL CONTROL VOLUMES”).

Acceptable range: 1or2

Default value: 1

Minimum distance between the top of CV and the initial pool level in
CV, (m). The value should be consistent with the parameter HMAXJN.
Used when the elevation checking option is set (ICELIN<2). If the
distance is lower than this value, then the liquid level is changed in such
a way that the distance will be equal to this value and appropriate
message is written to the diagnostics file.

Acceptable range: 0.0 < HMAXCV <5.0x102

Default value: 1.0x10°2

Flow Regime Map Parameters

The parameters defined in this record are used to determine bubble size when IWATCV =3 or 4, and
DBWFCV = 0.0 (record 158XXX, section 2.1.31).

W-1 (R) :

W-2 (R) :

W-3(R):

W-4 (R) :

W-5 (R) :

62

Al1BSCV

A2BSCV

G1BSCV

G2BSCV

Ogs = A gs t+ (al,BS — Qs ) X

DABSCV

Critical void fraction for bubbly-slug transition, low mass flux, o1 gs.
Acceptable range: 0.1<o01gs<0.7
Default value: 0.25

Critical void fraction for bubbly-slug transition, high mass flux, a2 gs.
Acceptable range: 0.1 < o02ps<0.7
Default value: 0.5

Upper limit on mass flux to use a1gs, Gigs, (kg/m?-s). For the mass
fluxes G lower than this limit, the critical void fraction fro the bubbly -
slug transition, ags, is equal to o1gs.

Acceptable range: 100.0 < G1gs < 5000.0

Default value: 2000.0

Lower limit on mass flux to use ozgs, Gz2ss, (kg/m?-s). For the mass
fluxes G higher than this limit, the critical void fraction fro the bubbly -
slug transition, ags, is equal to ozgs.

Acceptable range: Gips + 100.0 < Gy s < 10,000.0

Default value: 3000.0

For the mass fluxes G within the range Gigs and Gags, a linear
interpolation is performed:

G- Gl,BS
Gz,Bs - Gl,BS

Bubbly-slug transition zone width, Aasgs, (-).
Pure bubbly flow occurs for: o < ass — Aogs/2
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W-6 (R) : ALSACV
W-7 (R) : DASACV
W-8 (R) : ALAMCV
W-9 (R) : DAAMCV
W-10(R):  GSTRCV
W-11(R):  VSTRCV
W-12(R):  CHORCV

Pure slug flow occurs for: o> ags + Aags/2

An interpolation zone is defined for void fractions within the range:
as — Adgs/2 < o < ogs + Aags/2

Acceptable range: 0.01 < Aogs<0.1

Default value: 0.05

Void fraction for transition from bubbly/slug to annular, osa, (-). Applied
only in Control Volumes with homogeneous thermodynamics
(IHOMCV=1).

Acceptable range: 0.80 < asa <0.95

Default value: 0.90

Slug-annular transition zone width, Aasa, (-).

Pure bubbly flow occurs for: o < asa — Adasal2

Pure slug flow occurs for: o> osa + Aosa/2

An interpolation zone is defined for void fractions within the range:
osa — Adasa/2 < o < asa + Aasal2

Acceptable range: 0.01 < Aosa <0.02

Default value: 0.02

Void fraction for transition from annular to mist, oam, (-). Applied only
in  Control Volumes with homogeneous thermodynamics
(IHOMCV=1).

Acceptable range: 0.98 < oam <0.999

Default value: 0.99

Annular-mist transition zone width, Aaam, (-).

Pure bubbly flow occurs for: o < aam — Adam

Pure slug flow occurs for: o> 0aM

An interpolation zone is defined for void fractions within the range:
aam — Adam < o < 0am

Acceptable range: 0.001 < Aoam <0.02

Default value: 0.01

Critical mass flux for stratified flow, Gsyar, (kg/m?-s). Stratified flow
occurs when:
G < Gstrat

Acceptable range: 1.0 <GSTRCV < 10,000.0
Default value: 3000.0

Critical velocity for stratified flow, Avsra, (M/s). Stratified flow occurs
when:

‘Vgas - Vliq‘ < AVstrat
Acceptable range: 0.01 <VSTRCV <£100.0
Default value: 1.0

Constant Chor The stratified flow conditions are checked if the CV flow
is defined as horizontal (IHORCV=1, record 168XXX), or if the CV is
not defined and the following condition is satisfied:
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IHMGCV

Vior = Veer Chor

Acceptable range: 0.001 < CHORCV < 1000.0
Default value: 2.0

Heterogeneous/Homogeneous CV, Global Activator

Heterogeneous/homogeneous CV option, global activator. The option
selected in this record will be applied to all Control Volumes, unless
differently specified for individual Control Volumes in the records
168XXX.

IHMGCV=1: heterogeneous CV, with pool/bubbles at the bottom of a
CV and atmosphere/droplets at the top (MELCOR type Control
Volumes) - see Figure 2-4.

IHMGCV=2: homogeneous CV. Bubbles and droplets are deactivated,;
only pool and atmosphere exist in a Control Volume. Atmosphere and
pool are assumed to be homogeneously mixed (RELAP-type Control
Volumes) - see Figure 2-5. The CV void fraction and gas mass fraction
are given as CV-XXX-VolF-atms and CV-XXX-MasF-atms (see Table
2-23). Other volume and mass fractions, as well as the pool level, should
not be used as output and plot parameters. The volume-center Control
Volume pressure is available as the plot parameter: CV-XXX-Pres-pool.
The plot parameter: CV-XXX-Pres-atms gives the pressure at the
collapsed liquid level in CV (in a gas-filled CV this is the pressure at the
CV bottom; in a liquid-filled CV this is the pressure at the CV top).
Acceptable range: 1or?2

Default value: 1

Heterogeneous/Homogeneous CV, Individual Activators

XXX is the Control Volume reference number, 001 < XXX <999 or XXX = 000. The Control VVolume
reference numbers, XXX, need not be consecutive. The maximum number of Control VVolumes is 550
(999 in LINUX version).

W-1 (1) :

64

IHOMCV

Heterogeneous/homogeneous CV option, individual activator. The
option selected in this record will be applied to Control Volume number
XXX.

IHOMCV=1: heterogeneous CV, with pool/bubbles at the bottom of a
CV and atmosphere/droplets at the top (MELCOR type Control
Volumes) - see Figure 2-4.

IHOMCV=2: homogeneous CV. Bubbles and droplets are deactivated;
only pool and atmosphere exist in a Control VVolume. Atmosphere and
pool are assumed to be homogeneously mixed (RELAP-type Control
Volumes) - see Figure 2-5. The CV void fraction and gas mass fraction
are given as CV-XXX-VolF-atms and CV-XXX-MasF-atms (see Table
2-23). Other volume and mass fractions, as well as the pool level, should
not be used as output and plot parameters. The volume-center Control
Volume pressure is available as the plot parameter: CV-XXX-Pres-pool.
The plot parameter: CV-XXX-Pres-atms gives the pressure at the
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IHORCV

IMERCV

collapsed liquid level in CV (in a gas-filled CV this is the pressure at the
CV bottom; in a liquid-filled CV this is the pressure at the CV top).
Acceptable range: 1or2.

Default value: IHMGCYV, defined in record 168000

Indicator for flow direction in a Homogeneous Control VVolume.
IHORCV=1: a horizontal flow CV, stratified flow is possible.
IHORCV=2: a vertical flow CV, stratified flow is not possible.
IHORCV=0: undefined CV, the criterion: Vhor > Vver'Chor (S€€ record
167000, CHORCYV), is used to determine whether the stratified flow is

possible.
Acceptable range: 0,1,2
Default value: 0

Accepting Mass or Energy Error

Option for mass and energy error.

IMERCV=1: no mass or energy error allowed. The code stops if the flow
solution results in water level in any Control Volume being higher than
the volume height. In such case an error message is printed in the
diagnostics file, recommending use of the second option (below).
IMERCV=2: mass or energy error allowed. The code continues if the
flow solution results in water level in any Control Volume being higher
than the volume height. In such case the excess of water is removed
automatically. The amount of removed mass and error is stored, so the
user can check what is the total mass and energy error made due to this

procedure.
Acceptable range: 1or2.
Default value: 1.
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Control Volume Concept Time:
SPECTRA 00s
CV type: heterogeneous (" MELCOR" type thermodynamics) 0.0 min
0.0 hr
P = 100000 Pa P = 100000 Pa P = 100000 Pa
Ty = 300.0K T,w=3000K 4 * 4, * T e = 3000 K
Xy = 0767 X =0759 o * . * Xy, = 0.767
Xq, = 0233 X, = 02306 | o | s X, = 0233
Xy = 0.000 Xpe= 0011 & | o | & g = 0.000
RH = 0.000 RH= 0500 . . RH= 0.000
. .
Otyrp =1 0OE004
T, 200K
Viarop = 0.2 mfs
Dm = 0.100 mm
g
=
=
Las]

Figure 2-4 SPECTRA Control Volume concept: heterogeneous CV (MELCOR-type)

Control Volume Concept Time:
SPECTRA 100 s
CV type: homogeneous {""RELAP" type thermodynamics) 0.2 min
0.0 hr
T,.= 3000K
T,a= 00K
E a= 1.000
bt P=100039 Pa
= 0.767
G"f {g"" 2 0233
L X = 0:000 .
&0 =
070 T,.= 3001K ~
060 _
g T,a= 3000K )
- g
0.0 a= 0500 =
o 8 iﬁ
o g
0.00 =
o
)
N 4
g
(=1
g
—

Figure 2-5 SPECTRA Control Volume concept: homogeneous CV (RELAP-type)
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2.1.46 Records: 180000, Hydrogen Burn Model Activator

W-1(I): IBGAH2  H; burn global model activator, (-).

IBGAH2 =0 the burn model is by default inactive in all CV; it
can be activated for each volume individually, using
the activator IBMAH2 (record 180XXX).

IBGAH2>0: the burn model is by default active in all CV; it can
be deactivated for each volume individually, using
the activator IBMAH2 (record 180XXX).

Acceptable range: all integers.

Default value: 0.

2.1.47 Records: 180XXX, Hydrogen Burn Model Data

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

W-1(I): IBMAH2  H; burn model activator, (-).
IBMAH2<0: the burn model inactive in this CV,
IBMAH2 >0 the burn model active in this CV.
Acceptable range: all integers.
Default value: 0.

W-2 (R): DIMH2 Characteristic dimension for burn. (m).
Acceptable range: DIMH2 > 0.0
Default value: DHYDCV

W-3(I): IGNTH2  Pointer to a Tabular or Control Function defining igniter temperature, if
present.
IGNTH2=0: no igniter present in this CV.
IGNTH2>0: igniter temperature, (K), is defined by the tabular
function number IGNTH2.
IGNTH2<0: igniter temperature, (K), is defined by the control

function number | IGNTH2] .

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.

Default value: 0.
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2.1.48 Records: 181XXX, Propagation Distances

With this record user can define distances required for burn to propagate to another control volume.
XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control VVolumes is 550 (999 in
LINUX version).

W-1(1): IUN Junction number of a junction connected to the control volume XXX.
Acceptable range: Must be one of the junctions connected to the
control volume number XXX.
Default value: 0.

W-2 (R): PRPDH2  Propagation distance, (m). Minimum distance that the flame must cover
in the control volume XXX, before it can propagate to the control
volume connected by the junction number IJN.

Acceptable range: 0.01 <PRPDH2 <1000.0.

Default value: 70% of the burn characteristic dimension, DIMH2
W-3(I): IUN Junction number of next junction connected to the control volume
number XXX.
W-4 (R) : PRPDH2 Propagation distance, (m).

.. etc. until propagation distances are defined for all junctions connected to the control volume
number XXX.

2.1.49 Records: 182XXX, Combustion Completeness Model

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control VVolumes is 550 (999 in
LINUX version).

W-1(R): CCC1H2 Combustion completeness for slow deflagrations.
CCC1H2<0.0:  Use correlation from HECTR 1.5.
CCC1H2>0.0: use constant value, equal to CCC1H2.
Acceptable range: CCC1H2 < 1.0, if positive.
Default value: 0.99.

W-2 (R) : CCC2H2 Combustion completeness for detonations and fast turbulent
deflagrations.
CCC2H2<0.0:  Use correlation from HECTR 1.5.
CCC2H2>0.0: use constant value, equal to CCC2H2.
Acceptable range: CCC2H2 < 1.0, if positive.
Default value: 0.99.
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2.1.50 Records: 183XXX, Detonation and Fast Deflagration Criteria

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in

LINUX version).

W-1(R): CDCH2  Parameter selecting detonation criteria.

CDCH2=0.0:
CDCH2>0.0:

CDCH2<0.0:

Acceptable range:

Default value:

use only the default detonation criterion.

use only the criterion based on the detonation cell
width, A (called also "the A criterion"). The criterion
is: D/A>C, where D is the burn characteristic
dimension, equal to DIMH2, and C is a constant,
equal to CDCH2.

use both the default criterion and the criterion based
on detonation cell width: D/A > C, where D is the
burn characteristic dimension, equal to DIMH2, and
C is a constant, equal to | CDCH2|. Detonation
occurs if any of the two criterions is satisfied.
|CDCH2|<100.0. The value of 6.0 is
recommended, if the A criterion is used.

0.0.

W-2 (R): CFCH2 Parameter selecting fast turbulent deflagration criteria.

CFCH2=0.0:
CFCH2>0.0:

use only the default fast deflagration criterion.

use only the criterion based on the expansion ratio,
o (called also "the o criterion"). The criterion is:
6 > o'(T), where ¢ is the expansion ratio - the ratio
of specific volumes (m®kg) of burned to unburned
gas at constant pressure, and o (T) is the critical
value of the expansion ratio, calculated as follows:

o (T) =1.0+(a*(T0)—1.o)-[TT—°j |

CFCH2<0.0:

Acceptable range:

Default value:
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with:

To - reference temperature, equal to 300 K,
o' (To) - value of 6™ at the reference temperature,
equal to CFCH2.

use both the default criterion and the criterion based
on the expansion ratio: ¢ > (T), where o is the
expansion ratio - the ratio of specific volumes
(m3/kg) of burned to unburned gas at constant
pressure, and o (T) is the critical value of the
expansion ratio, calculated as shown above, with
"(To) equal to | CFCH2]| .

|CFCH2(<100.0. The value of 35 s
recommended, if the ¢ criterion is used.

0.0.
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CMSWH2 Multiplier on Mach number in shock wave calculation equation, Cw, (see

Volume 1).
Acceptable range: 1.0 <CMSWH2<20.
Default value: 14.

Flame Speed Calculation

XXX is the Control Volume reference number, 001 < XXX < 999. The Control VVolume reference
numbers, XXX, need not be consecutive. The maximum number of Control Volumes is 550 (999 in
LINUX version).

W-1 (R):

W-2 (R) :

W-3 (R) :

2.1.52 Records: 188000,

W-1 (1) :

70

RVMAH2 Ratio of maximum to average gas velocity in Control VVolume. The value

RVTMH2

TLAMH2

CKLIHZ2

is used to calculated turbulent flame speed. The default value has been
set based on results of CFD calculations (see Volume 1).

Acceptable range: 0.1 <RVMAH2 <100.0

Default value: 8.0

Ratio of turbulent to maximum local gas velocity in Control VVolume.
The value is used to calculate turbulent flame speed. The default value
has been set based on results of CFD calculations (see Volume 1).
Acceptable range: 0.01 <RVTMH2<10.0

Default value: 0.45

Gas temperature used for the laminar flame velocity calculation.

<0.0: use the current gas temperature

>0.0: use a constant temperature, TLAMH2. A value of 1150 K results
in laminar flame velocities close to those calculated by the
HECTR model (used by the MELCOR code) - see Volume 1.
(Note that this was the default value in the earlier SPECTRA
versions.)

Acceptable range: TLAMH2 < 0.0 or 270.0 < TLAMH2 < 3000.0

Default value: -1.0

Burn Model Constants

Constant C in the Klimov expression for g(q, Viam):

g(q1vlam) =C- (\/alvlam)o7

Here viam is the laminar flame speed, g, viam) is the Kinetic energy density,
and C is constant, equal to CKLIMH2. The best estimate value is 2.4
(see Volume 1). A value of zero will eliminate Klimov correlation. In
such case only the Williams correlation is used. If CWILH2 (Word 2
below) is also set to zero, the turbulent flame speed is not taken into
account and the flame speed in the slow deflagrations is always
calculated from the laminar flame speed, Liu and MacFarlane
correlation.
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Acceptable range: 0< CKLIH2 <100.0
a small value (<10-%°) value will set it to 0.0
Default value: 2.4

W-2(1): CWILH2 Constant C in the Williams expression for g(d, Viam):

00, Vi) =E-(1+J1+<8/3)-c-(2q/vfam) )}

Here viam is the laminar flame speed, g, viam) is the Kinetic energy density,
and C is constant, equal to CWILH2. The best estimate value is 2.4 (see
Volume 1). A value of zero will eliminate the Williams correlation. In
such case only the Klimov correlation is used. If CKLIH2 is also set to
zero, the turbulent flame speed is not taken into account and the flame
speed in the slow deflagrations is always calculated from the laminar
flame speed, Liu and MacFarlane correlation.
Acceptable range: 0 < CWILH2 <100.0

a small value (<10-%) value will set it to 0.0
Default value: 2.4

2.1.53 Records: 189000, Additional Print and Plot During Burn

Rapid change of parameters that may occur during burn requires that additional printouts (print edits)
and plot edits should be made during burn. The additional edits are requested in this record. By default
the additional edits are active, they may be deactivated by the user if too large output and plot files are
being produced.

W-1(1): IPRTH2  Indicator defining if additional printouts are made during burn.
IPRTH2=1: no additional printouts are made during burn.
IPRTH2=2: additional printout is made at the start of each burn.
Acceptable range: IPRTH2=1o0r2.
Default value: 2.

W-2 (1) : IPLTH2  Indicator defining if additional plot points are made during burn.
IPLTH2=1: no additional plot points are made during burn.
IPLTH2=2: additional plot point is made every time step during

burn.

Acceptable range: IPLTH2=1o0r2.
Default value: 2.
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2.1.54 Example of Control Volume Input Data

An example input for a single Control Volume is provided below. The Control Volume name is:
"Example volume". There are four segments with different horizontal cross section areas. The bottom
segment is 1 m height with an area of 5 m2. The bottom elevation of the CV is 5.0 m. The total height
is 9 m. One of the CV segments is significantly longer than the others. Therefore the default value of
the representative horizontal flow area, which is 5.0 m? (maximum of all segment areas), is overwritten
by the input value. The area of the longest segment - 2.2 m?, is used as the representative horizontal
flow area.

The default value is used for the representative vertical flow area. In this case the code will assume
13.35 m? as the vertical flow area. Since DIPSCV is entered as zero the square root of the current pool
surface area will be used as characteristic dimension for pool surface heat and mass transfer. The initial
pressure is 1 bar, the gas temperature 300 K. The pool level is 2 m above the floor; the pool temperature
is 295 K. The atmosphere consists of 80 % (volume fraction) nitrogen, 20 % oxygen. The relative
humidity is 60 %.

There is a mass source of hydrogen. The source is located at the elevation of 7 m, the flow area is
0.0004 m2. The mass flow rate of H; is defined by the Tabular Function TF-002. The temperature and
pressure of the hydrogen source are given by the TF-003 and TF-004 respectively. There is an energy
(heat) source. The energy source is located at the elevation of 9 m. The heat power is defined by the
Tabular Function 007.

The H burn model is activated in Control Volume CV-150. The characteristic dimension for burn is
not specified, thus default value will be used. An igniter is assumed to be present. The igniter
temperature is defined as a function of time, by the tabular function TF-011.

The distances required to propagate burn to adjacent Control VVolumes are set as 10.0 m and 20.0
respectively, for the junctions number 1 and 2. (These junctions must be connected to the control
volume CV-150.)

The alternative detonation criterion, based on the detonation cell size, is requested. The value of
constant is set to 6.0. Thus, the selected detonation criterion is:

2=6.0
A

The alternative fast deflagration criterion, based on the expansion ratio, is requested. The value of
constant is set to 3.5. Thus, the selected fast turbulent deflagration criterion is:

15
o>0o (T)=1.0+(3.5-1.0)- (?)
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110150
110150
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111150
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*
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*
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141150
*
*
*
*

180000
180001

*

81001

82001

83001
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f Control Volume No. 150

Example vo

Height
1.00
6.00
1.00
1.00

5.0
1.0E+5 30

4
5
3

Elev. Area

7.0 0.0004
Elev. IQT
9.0 70

Definition o

lume

Area Segment data
5.00 * Seg. 1
2.20 * Seg. 2
1.50 * Seg. 3
5.00 * Seg. 4

2.2 0.0 0.0 * Elevation, A-hor, A-ver, D-pool

0.0 2.0 295.0 * Pressure, Tatms, Zpool, Tpool
0.80 * atms gas: N2 - mole fraction = 80 %
0.20 * atms gas: 02 - mole fraction = 20 %

0.60 * atms gas: H20 - relative humidity = 60 %

Diam. IMT ITT IPT Gas No. Mass Frac.

0.02 002 003 004 1 1.0 * H2 mass source
Energy source

f burn parameters for control volume No. 150

1
0 0.0
Propagatio
JN Dist.
1 10.0
Combustion
Deflagrati
0.0
Detonation
D/A o* (
6.0 3.5

Global activation of the burn model

Cv-001:

- Use global activation

- Use default characteristic dimension

- Igniter present, temperature defined by TF-011

011

R

n distances
(m) JN Dist. (m)
2 20.0
completeness
on Detonation
0.0 * Use default values

and fast turbulent deflagration criteria
300 K) * wuse alternative criteria
* for detonation and fast deflagration
The constants in the alternative criteria are:
D/A = 6.0; o* (300 K) = 3.5

*

*
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Records: 200XXX,

Junction Input Data

Junction Main Data

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version). No more
than 50 Junctions may be connected to a single CV.

W-1 (1) :

W-2 (1) :

W-3 (R) :

W-4 (R) :

W-5 (R) :

74

ICVEIN

ICVTIN

AMAXIN

ELEVIN

XLENJN

"From" Control VVolume number, (-).
Acceptable range: must be a valid CV reference number
Default value: none

"To" Control Volume number, (-).
Acceptable range: must be a valid CV reference number
Default value: none

Flow area of fully open Junction, (m?).
Acceptable range: 0.0 < AMAXJN < 10%,
Default value: n DIAMIN? /4

Elevation of middle point of the Junction, (m). If —999 is entered, then
the JN is automatically allocated to match the elevations of CV-s:
{Min[ZTop(Cvl), ZTOP(CVz)] + MaX[ZBo‘r(Cvl), ZBOT(CVZ)]} [ 2. Here
Zrop and Zrop are top and bottom elevations of the “From” volume CVy
and the “To” volume CV: . The automatic allocation of a Junction is
illustrated in Figure 2-6.

Acceptable range: bottom and top elevations of the Junction must lie
within the Control VVolumes it connects. The bottom
and top elevations are calculated based on Junction
height (HEIGJN) and vertical orientation (IVERJN)
- see Words 7 and 8, and Table 2-1.

Default value: none

Momentum length, L, of the Junction, (m). (The value is used at the left
hand side of the momentum equation: L-dv/dt). The recommended value
is:
V Vv
L =L+—+2
2A,  2A,

see Figure 2-7. A more detailed discussion is provided in Volume 1,
section “Momentum Length and Friction Length”. To use the
recommended value, enter IMFLIN=1 (record 264000) and
XLENJIN=0.0 or IMFLJN=2.

Acceptable range: 103 < XLENJN < 10%

Default value: none
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JN-100
Horizontal junction, from CV-110, to CV-120

IN-200

Vertical junction, from CV-210, to CV-220

2 (CV-210)

ZyOVIO) [ o | ZgIN-100)
— . . CV-210 h
2 | Zacv120 Z,,,(IN-200)
- —_ (- S [
Cv-110 _’  ZeaeAIN-100) zb,,r(cvnw* TN-200 Z e TN-200)
CV-120 -
V-22 righd TN
Z,{CV-110) Zo{ IN-100) Z. (CZO) _________________ Z“m 200)
Zppd CN-120) CV-220
Z,,{CV-220)
JN-300 JN-400
Horizontal junction, from CV-310, to CV-320 Vertical junction, from CV-410, to CV-420
Z,,,(CV-310) Z,(CV410)
) 4
CV-310 ccf‘l Error. Impossible to find CV-410 Error. Impossible to find
Z ation igl B ration ¢ igl N-
= elevation and height of JN-300 2 {CV410) elevation and height of JN-400

Zp,{CV-310)

7 oo TN-300)

Z,,(CV-320)

CV-320

Z,, {CV-320)

IN-400 7, (IN-400)

Zp

(CV-420)

CV-420

Z, ACV-420)

Case 1: A=A, =4,

Figure 2-6 Automatic allocation of JN within the boundary Control Volumes

Cv-1 JH-1 Cv-2
area = A, volume =V, area=A area = A,, volume =V,
¥y ¥ v,
L o O —»
L 2=ViA2 Li2=V,/ A7 |
Case 2: A< A, <A,
CV-1 JN-1 CV-2
area = A, vohume = V) area=A area = A, volume =V,
v v v,
> - —»

L2=vVial 1|, Ln2=vian

Figure 2-7 Momentum length and friction length of a Junction
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Table 2-1 Bottom and top elevations of Junctions.

"From" CV "To" CV
IVERJN Zgot Ztop ZpoT Ztop
0 (horizontal) ELEVIN- ELEVIN+HEIGIN/2 ELEVIN- ELEVIN+HEIGIN/2
HEIGIN/2 HEIGIN/2
—1 (vert. down) ELEVIN ELEVIN+HEIGIN/2 ELEVJIN- ELEVIN
HEIGIN/2
1 (vertical up) ELEVIN- ELEVIN ELEVIN ELEVIN+HEIGIN/2
HEIGIN/2
W-6 (R) : DIAMJIN  Diameter of the Junction, (m).
Acceptable range: DIAMJIN > 0.0
Default value: (4-AMAXIN/m)*?

W-7(R): HEIGIN  Height of the Junction, (m). Used to determine bottom and top elevations
of the Junction opening (Table 2-1). See Volume 1, section 4 for more
explanation of the meaning of HEIGJN.

Acceptable range: 0.001 < HEIGJN < 10% (internal limit > 0.02 m)
Default value: horizontal: = DIAMJN
vertical: =DIAMJIN /2.0
The Junction height defined here is used in the code
to set the opening heights in both volumes it
connects. Additional limits are applied during this
process - see: HMINJN, HMAXJN in the record
260000.
W-8 (1) : IVERIN  Flow direction in the Junction, (-).
-1: vertical flow, downwards when the flow is positive,
0: horizontal flow,
+1: vertical flow, upwards when the flow is positive.
The bottom and top elevations of the Junction, are calculated based on
this entry, as well as the middle point elevation, ELEVJN and height,
HEIGJN, as shown in Table 2-1.
Acceptable range: -1<IVERIN<1
Default value: 0
W-9 (R): EDSMJIN  Smoothness of Junction edges. EDSMJIN equal to 0.0 means the

76

C=(1-EDSMJIN)-C

Junction has smooth flanges. EDSMJN equal to 1.0 means that the
Junction has sharp edged flanges. The value is used with flooding
correlations. Values of the constants in the flooding correlations are
obtained as:

n+ EDSMJN -C

smoot sharp

where Csmooth (=1.0), Csharp (=0.525) are the values of the constant C
appropriate for the sharp and the smooth edges respectively.
Acceptable range: 0.0 <EDSMJIN <1.0
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Default value: 0.474 . This value results in C=0.775, the same as in
the Dartmouth correlation - see Volume 1. A small
number (<10-%) sets the value to zero.

The following parameter is used only if IMFLIN =1 (record 264000). It is used to calculate the friction
length and the momentum length from the recommended formulae (see description of XLENJN and
FRLNJN).

W-10 (R) : XORFJN  The “orifice length” of the Junction, (m). If the junction area is different
than the area of the connected volumes, then this is the length with the
JN area, denoted by L in Figure 2-7, Case 2.
Acceptable range: 0.0 < XORFIN<1.0
Default value: 0.0

2.2.2 Records: 201XXX, Initial Velocities

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

W-1(I): INIVIN Initial velocity calculation indicator.
1 Velocities are calculated from the initial pressure differences.
2: Input values (Words 2 and 3 below) are used. Use this option also
when velocities should be read from an Initial Condition File -
ICF (section 2.16.3).
Acceptable range: 1,2
Default value: 2

W-2(R) : VCMPJIN Initial velocity of atmosphere, (m/s).
(IATMS)  Acceptable range: any real
Default value: 0.0

W-3 (R): VCMPJIN Initial velocity of pool, (m/s).
(IPOOL)  Acceptable range: any real
Default value: 0.0

2.2.3 Records: 202XXX,  Multiplicity of the Junction

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

W-1(R): XMLTIN Multiplicity of the Junction. This is the number of Junctions that are
identical to the Junction XXX. If the number is not equal to 1.0, then the
flow area of this Junction, entered in the input deck, is multiplied by this

number.
Acceptable range: 0.0 < XMLTJIN< 10%
Default value: 1.0
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2.2.4 Records: 205XXX, Junction Name

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

W-1(A): NAMEJIN  User defined name, length up to 50 characters. The name is read as a 50
character string, starting from the first non-blank character after the
record identifier. There must be at least one blank character, separating
the name from the record identifier.

Acceptable range: any string of up to 50 characters.
Default value: 50 "underline™ characters: *_"

2.25 Records: 210XXX,  Friction Loss, Form Loss and Moody Coefficient

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

W-1(R): FRLNJN  Friction length, Ls, (m). The value is also used to calculate Li#/D ratio
(where D is the diameter - Word 3 below), used by the critical flow
model. The recommended value is:

2 2
y :L+V_1.[3NAJ Nz (RMA]
2A1 Dl Al 2A2 D2 A2
see Figure 2-7. A more detailed discussion is provided in Volume 1,
section “Momentum Length and Friction Length”. To use the
recommended value, enter IMFLIJN=1 (record 264000) and
FRLNJN=0.0 or IMFLJN=2.

Acceptable range: 0.0 < FRLNJN < 10%,
Default value: XLENJN

W-2 (R): FRRGIN  Roughness, R, (m). The relative roughness is obtained as: e = R/D.
Acceptable range: 0.0 < FRRGJN < FRDHJN
Default value: 0.0

W-3 (R): FRDHJN  Diameter, D, (m). The value is also used to calculate L/D ratio (where L

is the friction length - Word 1 above), used by the critical flow model.
Acceptable range: 0.0 < FRDHJN < 10%°
Default value: DIAMJN

W-4 (R) : FLCFIN  Form loss coefficient, Ke, forward flow, (-).
FLCFIN > 0: Ke = constant, equal to FLCFIN
FLCFJIN = —XXX: Kg = Control Function XXX
FLCFJIN =—1XXX: Kg = Tabular Function XXX versus Re
Limits of 0.0 and 10'° are applied for the value obtained from CF/ TF.
CF/TF cannot be used for a valve (i.e. when 220XXX is present).
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W-5 (R) : FLCRIN
W-6 (R) : RFFIN
W-7 (R) : RFRIN
W-8 (R) : CMIN

Acceptable range: 0.0 < FLCFIN < 10% or reference to CF / TF.
The value must be positive for a valve junction.
Default value: 0.0

Form loss coefficient, Kg, reverse flow, (-).

FLCRJIN > 0: Kr = constant, equal to FLCRJIN

FLCRIN = —XXX: Kg = Control Function XXX

FLCRJIN =—1XXX: Kg = Tabular Function XXX versus Re

Limits of 0.0 and 10% are applied for the value obtained from CF / TF.

CF/TF cannot be used for a valve (i.e. when 220XXX is present).

Acceptable range: 0.0 < FLCRIN < 10 or reference to CF / TF.
The value must be positive for a valve junction.

Default value: 0.0

Empirical coefficient in the Griffith-Rohsenow correlation for the two-
phase form loss factor multiplier, r;, forward flow, (-). Values of r; are
shown in Table 2-2. The multiplier is equal to: 1.0 + rs -X -vsg / Vr.
Acceptable range: 0.0 <RFFIN <10°
Default value: RFFGJN (see global activators, record 263000,

a small number, <10, sets the value to 0.0)

Empirical coefficient in the Griffith-Rohsenow correlation for the two-
phase form loss factor multiplier, rs, reverse flow, (-). Values of rs are
shown in Table 2-2. The multiplier is equal to: 1.0 + rs -X -vsg / Vs.
Acceptable range: 0.0 < RFRIN <10°
Default value: RFRGJN (see global activators, record 263000,

a small number, <10-%, sets the value to 0.0)

Moody coefficient for liquid flow, Cw, (-). The value of CMJN is applied
for pure liquid flow (X=0.0). For X>0 the value is interpolated, to give
1.0 when X=1.0. Thus, the effective multiplier on the critical flow is
equal to: CMJN + X-(1 — CMJN), see Volume 1. The best estimate value
is 0.7 (Volume 3).
Acceptable range: 0.1<CMJIN<1.0
Default value: CMGJN (see global activators, record 263000,

a small number, <107, sets the value to 0.0)

Table 2-2 Values of rs for two phase form loss factor multiplier (reproduced from [7], table 7.4).

Fitting Pressure range Quality range (%) It
Bend-short p/perit < 0.15 0-10 1.5
Bend-short p/Peric > 0.10 0-50 4.0
Bend-long p/Peric > 0.10 0-50 2.2
Tee (serving as L) p/perit > 0.10 0-50 1.6
Gate valve p/Peit < 0.10 0-50 1.5
Contractions 0.015 < p/pait< 1 0-50 1.0
Expansions 0.15<p/peic< 1 0-50 11
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W-9 (1) : MODFJIN Model to calculate friction factor, f, (-), (see Volume 1),
=1: non-uniform roughness, Colebrook-White formula
=2: uniform roughness, Nikuradse formula
=3: simplified method, Blasius and Prandtl-Nikuradse
=11: non-uniform roughness, Beluco-Camano formula
=12: non-uniform roughness, Churchill formula
>1000 : f(Re,E) is given by Control Function with the number

(MODFJN —1000). It must be a 2-D Tabular Function with
the first arguments being the Reynolds number (Re) and
the second argument being the the relative roughness (E).
The values of Re and E are those for the junction XXX,
therefore the same CF may be used for multiple junctions.
The actual arguments entered for the CF are not used for
friction factor calculation (they will only be used to
calculate the value of CF printed in the CF block output).

Example:
* Length Roughness Diameter K-for K-rev rf-for rf-rev CM MODFJN
* (m) (m) (m) (=) (=) (=) (=) (=) (=)
210100 0.1 1.0E-5 0.1 0.5 0.5 1.0 1.0 0.7 1100 * Use CF-100

705100 2-D Tabular Function Defining f(Re,E) for JN-100

* Group Number Fact. Const.

700100 1 5 1.0 0.0 * Type : General TF

* E=0.000 E=0.005 E=0.010 E=0.05

708100 0.000 0.005 0.010 0.05 * y-coordinate data points (relative roughness)
* Arguments

* s : (1) (2)(3) (4) Fact. Const.

710100 9 000 1 O 1.0 0.0 * x-argument: dummy argument, for the f(Re,E) calculation it
* will be replaced by the Re-number for the given JN

710100 6 101 1 0 1.0 0.0 * uses TF-101 for y = 0.000

710100 6 102 1 0 1.0 0.0 * uses TF-102 for y = 0.005

710100 6 103 1 0 1.0 0.0 * uses TF-103 for y = 0.010

710100 6 104 1 0 1.0 0.0 * uses TF-103 for y = 0.050

710100 9 000 1 0 1.0 0.0 * y-argument: dummy argument, for the f(Re,E) calculation it
* will be replaced by the relative roughness for the given JN

605101 f(Re,E=0.000)
* Re f
600101 1.0e5 0.001
600101 2.0e5 0.002
*

605102 f(Re,E=0.005)
* Re f
600102 1.0e5 0.005
600102 2.0e5 0.006
*

605103 f (Re,E=0.010)
* Re f
600103 1.0e5 0.010
600103 2.0e5 0.020
*

605104 f (Re,E=0.050)
* Re f
600104 1.0e5 0.050
600104 2.0e5 0.060

The following limits are set internally on the value obtained from the
Control Function: 10 < f(Re,E) < 10°.

Acceptable range: MODFJN =1, 2, 3, 11, 12, or reference to a CF
Default value: MODGJN (see global activators, record 263000)

W-10 (1) : M2PFIN  Model to calculate two-phase friction multiplier, @7, (-), (see Vol. 1),
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=1: no two-phase multiplier,

=2: Hancox-Nicoll model,

=3: Levy Model.

> 1000: @7 is given by a Tabular Function with the number:

(M2PFJN — 1000). The argument is void fraction. The
range of independent argument (void fraction) must cover
the range from 0.0 to 1.0, inclusive. The TF value must be
=1.0 for the void fraction of 0.0 and >1.0 for void fractions
>0.0.

Acceptable range: M2PFIN =1, 2, 3, or reference toa TF

Default value: M2PGJN (see global activators, record 263000)

W-11 (R) : CLAMJIN Correction factor for non-circular tubes, Ciam. It may also be used as a
multiplier for wire-wrapped rods. The friction factor in laminar flow is
obtained from:

64-C,,,
fwall T —
Re
Rectangular channel, dimensions 0.0<b/a < 1.0 [10] (Dia. 2-6)
Clam = 150 b/a — OO
Ciam = 0.89 b/a — 1.0 (square)

Tube bundle, pitch-to-diameter ratios 1.0<(P/D)<1.5 [10] (Dia. 2-9):
Cian = 0.89 - (P/D) + 0.63 triangular pitch

Ciam = 0.96 - (P/D) + 0.63 rectangular pitch

For wire-wrapped rods, Engel correlation [50] gives: f = 110/Re, 50 Ciam
=150/64=1.718

Acceptable range: 0.1 <CLAMJN <10.0

Default value: CLAGJN (see global activators, record 263000)

W-12 (R) : CTURJIN  Friction factor multiplier for turbulent flow. Applicable for example for
wire-wrapped rod assemblies in fast reactors.
For wire-wrapped rods, Engel correlation [50] gives: f = 0.55/Re%%, so
compared to the smooth friction factor (Blasius): f = 0.316/Re®?, Cjam =
0.55/0.316 = 1.741. A good overview of correlations: [51].
Acceptable range: 0.1 <CTURJIN <10.0
Default value: CTUGUJN (see global activators, record 263000)

2.2.6 Records: 220XXX, Valve Data

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

If the Junction flow area should change in calculations then the valve model can be used for the
Junction. This is done using this record. Two types of valves are available: motor valve and check
valve. Valves may only be used if the flow in this Junction is not controlled by Tabular or Control
Functions (see flow control - records 230XXX, section 2.2.7).

W-1(1): IMVLIN Indicator for "motor valve". If IMVLIN is zero then the Junction flow

area is not restricted by the motor valve, and is always equal to the fully
open area unless a check valve is present. If the number is positive, then
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W-2 (R):

W-3(R):

W-4 (R) :

W-5 (R) :

W-6 (R) :
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DPOVIN

DPCVIN

RACVIN

VIFOJIN

VLFOJN

a Tabular Function with the reference number: IMVLIN will define the
open fraction. If it is negative, then the open fraction will be defined by
a Control Function with the reference number: | IMVLIN]| . If the value
obtained from Tabular or Control Function is smaller than zero it will be
set to zero. If it is greater than 1.0 it will be set to 1.0. The rate of change
of the valve area is restricted by RACVJIN (Word 4 below).

Acceptable range: must be a valid reference number of a Tabular, or a

Control Function, if non-zero.
Default value: 0

Opening pressure difference for check valve, Apopen, (Pa) (Or pressure

difference in the positive flow direction required to open a burst disk,

APopen,+, See IBDVIN, Word 9). If DPOVIN is zero then the Junction

flow area is not restricted by a check valve, and is always equal to the

fully open area unless a motor valve is present. If the number is non-zero
then check valve is present and DPOVJN is the pressure difference (Pa)
required to open the check valve when closed.

Acceptable range: any real. A check valve may be used together with
a motor valve (see Word 1, above). In such case the
valves are assumed to be serial; the actual flow area
is equal to the smaller of the two. A valve cannot be
used if the Junction flow is controlled by Tabular or
Control Functions (see section 2.2.7). Thus
DPOVJN and IMVLJN must be zero if IGFCIN=0.

Default value: 0.0

Closing pressure difference for check valve, Apciose, (Pa) (0Or pressure

difference in the negative flow direction required to open a burst disk,

APopen—, See IBDVIN, Word 9). If the check valve is present (see Word

2 above) then DPCV.N is the pressure difference (Pa) required to close

the check valve when opened.

Acceptable range: DPCVJN < DPOV.N if check valve is present, zero
otherwise.

Default value: 0.0

Rate of area change for a check valve, maximum rate of area change for

a motor valve, (1/Aror)-(dA/dt), (1/s).

Acceptable range: 0.001 <RACVJN <1000.0 if a valve is present, zero
otherwise.

Default value: 1.0

Initial open fraction, (-). VIFOJN = 0.0 means the valve is initially
closed. VIFOJN = 1.0 means the valve is initially fully open.
Acceptable range: 0.0<VIFOIN<1.0

Default value: 0.0

Leakage open fraction for nominally closed valve (-). If positive value
is entered then the valve open fraction will never be smaller than
VLFOJN.

Acceptable range: 0.0 <VLFOJN<1.0

Default value: 0.0
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VMFOJN  Maximum open fraction for nominally open valve, (-). If positive value

CVVLIN

IBDVIN

is entered then the valve open fraction will never be greater than
VMFOJN.

Acceptable range: VLFOJN < VMFOJN < 1.0

Default value: 1.0

Coefficient used to calculate change of valve resistance with changing
open fraction, (-).

If a positive value is entered then the loss factors (forward and reverse)
are calculated from:

N
Ky =K, |C, +(1-C, )—
\Y 0 |: \% ( V) AO
where: Kv  current valve loss coefficient, (-),
Ko  loss coefficient for fully open valve, (-), (FLCFIN
or FLCRJN, specified in records 210XXX - see
section 2.2.5).
Cv  valve resistance increase coefficient, CVVLIN, (-),
Ay current valve open area, (m?),
Ao area for fully open valve, (m?).
The limiting values of the loss coefficients are equal to:

K, = K, when A, - A,
K, >K,-C, when A, —0.0

Values of Cy may be estimated based on data in [10], chapter 9. Values
appropriate for several common valve types are shown in Appendix C.1.
(Typical values are: 7.0 for a butterfly valve, 25.0 for a gate valve, 1.0
for a check valve).

If a negative value is entered then the loss factor is multiplied by the
value of Tabular Function number —CVVLJN, calculated for the open
fraction as an argument. The loss factors (forward and reverse) are
calculated from (see example in Appendix C.2):

Ky = Ko - TF (A, / A)

where: TF  value of Tabular Function evaluated for the current
valve open fraction, Av/Ao, (-),

Acceptable range: 1.0 < CVVLIN < 10* or a valid reference number of

a Tabular Function when negative.

Default value: 5.0

Burst disc idicator. If IBDVJN=1, then this valve is considered as a burst
disc, with opening pressure differences for positive and negative flow
directions, Apopen+ , APopen— , defined by DPOVJIN and DPCVJIN
respectively. Once open the valve will stay open. For a burst disc both
DPOVJN and DPCVJN must be positive. If IBDVIN=0 this valve is a
check valve with DPOVJN and DPCVJN being the opening and closing
setpoints, as described by Words 2 and 3 above.

Acceptable range: Oorl

Default value: 0
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Junction Flow Control

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

The user can define flow through Junctions using these records. If these records are used then the
valves (records 220XXX) cannot be used. Note that if the Pump Model 1 is used (see record 231 XXX,
section 2.2.8), then the interpretation of the input values is different than described below.
Interpretation of IGFCJN and ILFCJN for such case is described in section 2.2.8.

W-1 (1) :

W-2(1):

84

IGFCIN

ILFCIN

Flow control for atmosphere gas. If IGFCJIN = 0 then this is a "normal”
Junction with flow calculated by the program. If IGFCIN > 0 then
IGFCJN is the Tabular Function number which defines gas mass flow
rate. If IGFCJIN < 0 then the Control Function | IGFCIN| defines the
mass flow of gas. Gas flow will occur only if the liquid level in the
upstream Control Volume is below the Junction top elevation. The value
is applied only for the atmosphere gas flow. Note that the total gas flow
may be different than specified by the Tabular or Control Function
defined by IGFCJN, if there is a non-zero liquid flow (controlled by
ILFCJN - see Word 2 below). If bubbles are present in the pool in the
upstream CV then they are carried with the pool flow and the bubble gas
flux will be added to the atmosphere gas flux to give the total gas flow
for this Junction.
Acceptable range: must be a valid reference number of a Tabular, or a

Control Function, if non-zero

if ILFCIN=0 then IGFCIJN=0

if ILFCIN=0 then IGFCIN=0
Default value: 0

Flow control for pool liquid. If ILFCIN = 0 then this is a "normal"
Junction with flow calculated by the program. If ILFCIN > 0 then
ILFCJN is the Tabular Function number which defines liquid mass flow
rate. If ILFCIN < 0 then the Control Function |ILFCIN| defines the
mass flow of liquid. Liquid flow will occur only if the liquid level in the
upstream Control Volume is above the Junction bottom elevation. The
value is applied only for the pool liquid flow. Note that the total liquid
flow may be different than specified by the Tabular or Control Function
defined by ILFCJN, if there is a non-zero gas flow (controlled by
IGFCJN - see Word 1 above). If droplets are present in the atmosphere
in the upstream CV then they are carried with the atmosphere flow and
the droplet liquid flux will be added to the pool liquid flux to give the
total liquid flow for this Junction.
Acceptable range: must be a valid reference number of a Tabular, or a

Control Function, if non-zero

if ILFCIN=0 then IGFCIN=0

if ILFCIN=0 then IGFCIN=0
Default value: 0

K6223/24.277594 MSt-2402



SPECTRA Code Manuals - Volume 2: User’s Guide

2.2.8 Records: 231XXX, Pump/Compressor Model Data

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

There are two types of pumps in SPECTRA. The Pump Type 1 is treated as a special kind of Junction
with Flow Control (see section 2.2.7), for which the volumetric flow, Vpump, is calculated from the user
specified pump map and the pressure difference, APpump: Vpump= f(APpump). The Pump Type 2 is a
standard junction for which the pressure head is added on the right hand side of the momentum
equation (see Volume 1). The pressure head, A4Pyump, (Or pressure ratio) is calculated based on pump
map, and the current parameters, such as volumetric flow, Vpump, pump speed, w, and eventually
temperature: APpump= f(Vpump, @, T). A junction with Pump Type 2 is included in the flow solution
matrix, while a junction with Pump Type 1 is calculated separately, outside the flow solution matrix,
as all junctions with user prescribed flow (section 2.2.7) and junctions with critical flow. Pump Type
2 offers more modelling options; it allows including temperature in the map definition (useful for
compressor modelling), it allows to calculate power entering the fluid (important for compressors,
typically negligible for pumps), and it allows to calculate the pump speed using the rotor inertia
equation based on user specified motor torque. Therefore Type 2 is generally recommended for
modelling pumps or compressors.

The pump model is based on a pump map applicable for a single-phase flow. If a two-phase mixture
flows through the pump, then the map is significantly altered (see for example [4], section 8). This
fact can be taken into account in calculations by using Control Functions to introduce a two-phase
multiplier on the pump speed data. An example of such analysis is shown in Volume 3.

W-1(R): DPNPJN  Nominal pressure head, 4Py, (Pa) (if > 1000.0), or nominal pressure
ratio 71y, (-) (if < 1000.0). If 71y is specified, then the pressure head is
equal to: APn(t)=(TIn—1)-Po(t), where Po(t) is the current pressure
upstream the pump. For gas compressors this option is more appropriate
than using constant pressure head 4Py.

If DPNPJN is equal to zero then the pump model is not present and the
junction is either a normal junction (with flow calculated from
momentum equation), or a junction with flow controlled by Tabular or
Control Functions (as described in section 2.2.7). If DPNPJN is greater
than zero then the pump model is used.

If Pump Type 1 is used, then parameters IGFCJIN, ILFCIN must be
specified in record 230XXX (section 2.2.7). These parameters are
interpreted as pointers to Tabular or Control Functions, which define
pump speed, w, (1/s), as a function of time.

If Pump Model 2 is used, then parameters IGFCJIN, ILFCJIN must not be
specified in record 230XXX (section 2.2.7). The pump speed, o, (1/s),
is defined by the pointers IOAPJN, IOPPJN (words 4 and 5 below), or
by the inertia equation if the rotor moment of inertia is entered (Word 23

below).
Acceptable range:
DPNPJN > 1.01 if 77y is specified (DPNPJIN<103)
DPNPJN > 1.01x103 if 4Py is specified (DPNPIN>10°)
Default value: 0.0

W-2 (R) : VFNPJIN  Nominal pump volumetric flow, Vy, (m?/s).
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Acceptable range: VFNPJN >0.0.
Default value: none .

W-3(R): OMNPJN  Nominal pump speed, wn, (1/s).
Acceptable range: OMNPJIN >0.0.
Default value: none .

Words 4 and 5 are interpreted differently for the Pump Type 1 (nonzero values entered for IGFCIN
and ILFCJN in record 230XXX - section 2.2.7), and for the Pump Model 2 (no values or zeroes entered
in record 230XXX - section 2.2.7).

- Pump Type 1
For this pump model the pump speed, w, (1/s), is defined by Tabular or Control Functions,

indicated by the pointers IGFCJIN, ILFCJN (record 230XXX). The meaning of Words 4 and 5 is
as follows:

W-4(R): RCAPJN Maximum rate of change of atmosphere flow through the pump, (1/s).
The value is used as: (1/Vn)dVamd/dt < RCAPJN. This parameter is
applied to simulate in a simplified way the flow inertia, which is not
taken into account in the Type 1 pump model.

Acceptable range: 0.01 <RCAPJN <100.0.
Default value: 10.0.

W-5(R): RCPPJN Maximum rate of change of pool flow through the pump, (1/s). The
value is used in as: (1/Vn) dVpoo/dt < RCPPJN. This parameter is applied
to simulate in a simplified way the flow inertia, which is not taken into
account in the Type 1 pump model.

Acceptable range: 0.01 <RCPPJN <100.0.
Default value: 0.1.

- Pump Type 2 (general pump model)
If the rotor moment of inertia is not used (see Word 23 below), then the next two words define the
pump speed, w, (1/s). If the rotor moment of inertia is used (see Word 23 below), then the next two
words define the power of the pump motor, Qm, (W).

W-4 (1) : IOAPJN  Pointer to a tabular or a control function, which defines pump speed, o,
(1/s), or power of the pump motor, Qm, (W) for the atmosphere gas flow
through the pump.

If IOAPJN = 0 then the pump speed is equal to zero, or the motor power

is equal to zero.

If IOAPJN > 0 then the tabular function with reference number IOAPJN

defines the pump speed, w, (1/s), or the power of the motor, Qm, (W).

If IOAPJN < 0 then the control function with reference number

| 10APIN | defines the pump speed, w, (1/s), or the power of the motor,

Qm, (W).

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if nonzero.

Default value: 0.
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W-5(I): IOPPJN Pointer to a tabular or a control function, which defines pump speed, o,
(1/s), or power of the pump motor, Qm, (W) for the pool flow through
the pump.

If IOPPJN = 0 then the pump speed is equal to zero, or the motor power

is equal to zero.

If IOPPJN > 0 then the tabular function with reference number IOPPJN

defines the pump speed, w, (1/s), or the power of the motor, Qm, (W).

If IOPPJN < 0 then the control function with reference number

| 1OPPIN | defines the pump speed, w, (1/s), or the power of the motor,

Qm, (W).

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if nonzero.

Default value: 0.

It is seen from the above description that the pump speed is defined separately for the gas flow and
the liquid flow. For the gas flow the pump speed is defined by either Tabular/Control Function
| IGFCIN| (Pump Type 1), or by the Tabular/Control Function | IOAPIN| (Pump Type 2). For the
liquid flow the pump speed is defined by either Tabular/Control Function | ILFCIN | (Pump Type 1),
or by the Tabular/Control Function | 1OPPIN | (Pump Type 2). This is done to allow modelling of a
two-phase degradation factor. An example case with the definition of such degradation factor is shown
in Volume 3.

W-6 (R) : VFOPJN  Volumetric flow at zero pump head, Vo, (m%s). In the previous
SPECTRA version this input entry was defining the pump constant, Ce,
(-), (CPMPJN). This input entry was changed to make the
pump/compressor input consistent with the turbine input (see section
2.2.10). The relation between the new and the old parameter is:
(Vo/Vn) = (Cp / (Cp-1) ), where Vy is the nominal flow (Word 2
above), and c is the exponent CEXPJIN (Word 20 below). The inverse
relation is: Cp = (Vo/Vn)®/ ((Vo/VN)®—1). Note that in the previous
SPECTRA version the exponent CEXPJN, was not defined by user, but
it had a fixed value of 2.0.

Acceptable range: Type 1: 1.001 < (VFOPJN / VFNPJN) < 10
Type 2: 1.01 < (VFOPJIN / VFNPJIN) < 1000.
Default value: 2.0xVFNPJN (value corresponding to Cp=1.33, for
c=2.0).

W-7 (R): CRSPJN  Degradation factor for reverse pump speed, Cgs, (-). This is the ratio of
the pressure head in normal pump speed to the head in reverse speed:
Crs = APreverse/ APmax, both at zero flow (see Figure 2-8). If the value is
positive then at reverse pump speed the fluid is pumped in the same
direction as in case of normal speed (centrifugal machines). If the value
is negative then at reverse pump speed the fluid is pumped in the
opposite direction (axial machines) - see appendix A.

Acceptable range: —100.0 < CRSPJN < +100.0 (a warning message is
printed if the value is outside the following range: —
1.0 < CRSPJN < +1.0).

Default value: 0.1. The default value is appropriate for centrifugal
pumps (see discussion of the pump maps below).
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Pump/Compressor Model - Test MAP

where Cp =(V/Vy) /[ (Vy/Vy) -1 ]

N CP

APm ax

Pressure head

»

A‘pmrﬁm’: APN : CP' CRS

: (Vo/Vy)=2.0:>Cp=1.33

e I:)egrad. f. for reverse speedi, Crs=05
I:)egradation factor for Surg(::, Cps=0.7
Relative flow for surge, Cyg=0.3

: A
|

14

surge

=V, Cyg Volumetric flow

> V=V, [Cp/(Cp-T) /”’:’

Figure 2-8 Influence of input parameters: Vo, Crs, Cos, Cvs, On the pump map.

W-8 (R) :

W-9 (R) :

88

CRFPJN

CDSPJN

Degradation factor for reverse flow, Cge, (-). The flow-dependent term

in the pressure head formula is multiplied by this factor, whenever the

flow is negative (reverse) - see pump model description in Appendix

A.2.2, Figure 4-8.

Acceptable range: 0.0 < CRFPJN < +100.0 (a warning message is
printed if the value is outside the range —
CRFPJN < +1.0).

Default value: 1.0.

Low flow degradation factor (surge factor), Cps, (). This is a ratio
between the true pressure head (with surge) at zero flow, and the
theoretical pressure head (no surge) at zero flow: Cps = APsurge/ APmax
(see Figure 2-8, appendix A). In order to obtain a stable map in the entire
flow range the value of Cps should be:

CDS 21— C\(/:S
where Cys is defined by the word 10 below, the exponent ¢ is defined by
the word 20 below, and the surge exponent, s, (word 26 below), should

be: s < 0.5 - see appendix A.
Acceptable range: 0.0<CDSPIN<1.0.
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IVSPJN

INFPJN

IMPPJN

OMEMJN

DOMPJN

Default value: 0.8. (0.8-1.0 for typical water pumps, ~0.0 for gas
compressors - see discussion of the pump maps
below).

Pointer to a tabular function defining the limit for the low flow (surge)
degradation as a function of the pump speed, Cys(w) (-). Cys is defined
as a ratio between the volumetric flow for which surge occurs to the
volumetric flow at zero head: Cvs(w) = Vsurge(@)/Vo(w) (see Figure 2-8).
If the current value of the tabular function is smaller than 0.0, it will be
setto 0.0. If itis larger than 1.0 it will be set to 1.0. The argument for the
Tabular Function is always the actual pump speed in rev/s. If no value is
entered, or the entered value is equal to zero, then the surge model will
not be used and the parabolic equation will be used for the whole flow
range. If the model is used, then for the volumetric flows smaller than
Vsurge(®) = Cvs(w) Vo(w) pressure head will be degraded by a factor that
depends on the input parameter Cps (CDSPJN, Word 9 above) - see
Figure 2-8.

Acceptable range: must be a valid reference number of a Tabular

Function, if nonzero.
Default value: none .

Indicator defining back flow through the pump.

INFPJN = 1: Back flow is allowed (no check valve).

INFPJN = 2: Back flow is not allowed (check valve present).
INFPJN = 3: As 2, additionally valve closes when pump is stopped.
Acceptable range: 1,2, 3.

Default value: 1.

Indicator defining flow solution scheme. IMPPJN=1: implicit.

IMPPJN=2: explicit. (See Volume 3, pump model tests).

Acceptable range: 1, 2. For Pump Type 2 only the implicit option is
available (1). When the pressure ratio is small
(typical fan), and Type 1 is used, then the explicit
option is recommended. The program will
automatically set the explicit option for pressure
ratios smaller than 1.02.

Default value: 1.

Minimum relative pump speed to change flow control junction into a
normal junction type, wmin/on (-). Used only for the Type 1 pumps.
When pump is stopped, then in case of the Type 1 pump the flow will
be equal to zero. OMEMJN converts a junction from a flow control
junction into normal junction. Therefore it allows flow through the pump
when the pump is stopped or pump velocity is small.

Acceptable range: 10°<OMEMIN<0.5.

Default value: 0.1.

Maximum relative rate of change of pump speed, (1/wn)(dw/dt), (11S)
Acceptable range: 10° < DOMPJIN < 103.
Default value: 0.5
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TPNPJIN

VPNPJIN

Nominal temperature for compressors, Ty, (K). This word is used only
for the Type 2 pumps. If no value is entered, or the entered value is equal
to zero (typical pump), then the reduced volumetric flow (value used on
the horizontal axis of pump maps) and the reduced speed are defined as
the ratios of the current value to the nominal value (see for example

[28]):

) o)

If a positive value is entered (typical compressor), then the reduced flow
(value used on the horizontal axis of pump maps) and the reduced speed
are defined as the ratios of the current value to the nominal value, divided
by the square root of the temperature ratio:

KVJ (w]
\ @
V.= ~ N/ W = >N/
R l R l
TN TN
If the dynamic terms in p, T can be neglected (pwt = p, Twt = T), and the
gas composition does not change during calculations, the above

definition is consistent with the “corrected flow”, commonly used for
the compressor maps. The corrected flow, Weorr, is defined as:

where W is the mass flow rate, pw: and Tt are the total (static plus

dynamic) pressure, and the temperature corresponding to the total

(internal plus kinetic) energy - see for example reference [29] (Chapter

5) for the corrected flow definition. Derivation of the reduced flow, as

used in SPECTRA, from the dimensional corrected flow is provided in

Appendix A.2.

If the user wishes to take into account the dynamic terms, then he should

specify the nominal velocity, vy, (Word 16). If the user wishes to take

into account possible gas composition changes, then he should specify

the nominal gas constant, Ry, (Word 17).

Acceptable range: TPNPJN>273.1, or 0.0. (For the Type 1 pumps:
TPNPJIN=0.0).

Default value: 0.0.

Nominal velocity, vy, (m/s). This word is used only for the Type 2
pumps. If the value is not entered, or the entered value is zero, then the
reduced flow (value used on the horizontal axis of pump maps)
definition depends on the nominal temperature entry, TPNPJN (as
described above). A positive value of VPNPJN may only be entered if
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RPNPJN

TPNPJN is positive. If VPNPJIN is positive, then the reduced flow (value
used on the horizontal axis of pump maps) is defined as:

v 1+v?/2c,T
Vv, 1+v}/2c,T,
T 1+v?/2RT
Ty 1+v; [ 2RT,

Ve

If the gas composition does not change during calculations, the above
definition is consistent with the corrected flow, Weorr, cOmmonly used
for the compressor maps. Derivation of the reduced flow, as used in
SPECTRA, from the dimensional corrected flow is provided in
Appendix A.2.

If the user wishes to take into account possible gas composition changes,
then he should specify the nominal gas constant, Ry, (Word 17).
Acceptable range: VPNPJN = 0.0 or VPNPJN > 1.0

Default value: 0.0

Nominal gas constant, Ry, (J/kg/K). This word is used only for the Type
2 pumps. (Note that when Ry is needed, it can be taken from the
SPECTRA printout - the values of R are printed in the SPECTRA
Control VVolume output, in the block titled fluid property data). If the
value is not entered, or the entered value is zero, then the reduced flow
(value used on the horizontal axis of pump maps) definition depends on
the nominal temperature, TPNPJN, and velocity, VPNPJN (described
above). A positive value of RPNPJN may only be entered if TPNPJN is
positive. If RPNPJN is positive, then the reduced flow (value used on
the horizontal axis of pump maps) is defined as described below.

e If vy (VPNPIN, Word 16) is zero:

o If positive vy (VPNPJN, Word 16) is specified:
v 1+v?/2¢,T
V, 1+v§ [ 2¢,T,
Ry T 1+v?*/ 2RT
Ry J\ Ty 1+Vi 1 2RT,

The last definition is always (even when the gas composition changes)
consistent with the corrected flow, Weorr, commonly used for the
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AEXPJIN

BEXPJN

CEXPJN

IEPPJN

compressor maps. Derivation of the reduced flow, as used in SPECTRA,
from the dimensional corrected flow is provided in Appendix A.2.
Acceptable range: 100.0 < RPNPJN < 10000.0, or RPNPJN =0.0.
Default value: 0.0.

Exponent a in the pump map (see description of the pump maps,
appendix A). This word is used only for the Type 2 pumps.

Acceptable range: AEXPJN > 0.0, and BEXPJN < AEXPJN <10.0.
Default value: 2.0.

Exponent b in the pump map (see description of the pump maps,

appendix A). This word is used only for the Type 2 pumps.

Acceptable range: —10.0 < BEXPJN < 10.0. Negative b, although
generally not recommended, was found useful for
matching some compressor map data. If b < 0.0,
then the term with wg” is becoming large when the
speed is small, giving unrealistically large pump
head or compressor pressure ratio for a slowly
turning machine. To prevent this a limit is imposed
on wr” wr’ < wim® = BLMPIN (Word 27). For
lower speeds the term is linearly interpolated to give
zero for zero speed (see appendix A, Figure 4-21).

Default value: 1.0 (a small number, <107, sets the value to 0.0).

Exponent ¢ in the pump map (see description of the pump maps,
appendix A). This word is used only for the Type 2 pumps.

Acceptable range: 0.0 < CEXPJN <10.0.

Default value: 20.

Pointer to a Tabular or Control Function defining pump efficiency for
positive flow. This word is used only for the Type 2 pumps. If the value
is positive then the efficiency will be defined by a tabular function with
the number IEPPJN. If the value is negative the efficiency will be
defined by a control function with the number | IEPPIN| . If the current
value of the Tabular or Control Function is smaller than the minimum
acceptable value (see the Acceptable range, below), it will be set to the
minimum acceptable value. If it is larger than 1.0 it will be set to 1.0. If
no value is entered then the efficiency will always be equal to 1.0. The
efficiency is defined as follows:

For gas compressors this is an isentropic efficiency, defined as:

_Vpe, T(II*V'" 1)
thdr

where V is the volumetric flow (m®/s), p is the density (kg/m?®), cp is the
specific heat (J/kg/K), T is the inlet temperature (K), IT is the pressure
ratio, and Qnyar iS the total power source for the fluid (W) (the value is
positive during normal pump/compressor operation). If the power, Qnyar,
becomes negative, then the efficiency is given by inverse of the above
formula.
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IENPJN

PMIPJN

For water pumps the efficiency is defined as:

VAP
thdr

n

where V is the volumetric flow (m®/s), AP is the pressure head (Pa), and

Qnyar is the total power source for the fluid (W) (the value is positive

during normal pump/compressor operation). If the power, Qnyar,

becomes negative, then the efficiency is given by inverse of the above
formula.

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if nonzero. (For the Type 1 pumps
the value must be zero.) The efficiency is restricted
by the maximum value of 1.0, and the minimum
value, which depends on the power sign. In case of
positive power (typical pump/compressor) the
efficiency can only be positive, and the minimum
limit is set at 0.1. In case of negative power (typical
turbine) negative efficiency is possible (see Figure
2-10). The negative efficiency that the fluid is being
decompressed and in spite of this the machine is
consuming power — point 2c in Figure 2-10.
Physically it means a large amount of energy is
dissipated as heat due to large friction. This may
happen for example in case of a turbine running with
reverse speed - see appendix B. In case of negative
power the minimum limit of efficiency is set to —
10.0

Default value: 0.

Pointer to a Tabular or Control Function defining the pump efficiency
for negative flow. This word is used only for the Type 2 pumps. The
efficiency definitions are similar as above, with V replaced by v/,

If the value is positive then the efficiency will be defined by a tabular

function with the number IENPJN. If the value is negative the efficiency

will be defined by a control function with the number | IENPIN | . If the
current value of the Tabular or Control Function is smaller than the
minimum acceptable value (see the Acceptable range, of IEPPJN,
above), it will be set to the minimum acceptable value. If it is larger than

1.0 it will be set to 1.0. If no value is entered then the efficiency will

always be equal to 1.0.

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if nonzero. (For the Type 1 pumps
the value must be zero.)

Default value: 0.

Pump rotor moment of inertia, 1, (kg-m?). This word is used only for the
Type 2 pumps. If no value is entered, or the entered value is equal to
zero, then the inertia equation is not used, and the pump speed is
determined by the Tabular or Control Functions indicated by IOAPJN
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CF1PJN

ISNPJN

and IOPPJN (words 4 and 5 above). If a positive value is entered, then
the pump speed is determined by the inertia equation:

fric

d(2zrw)
I Tsz _Thydr —T

where @ is the pump speed (rev/s), T is torque, and the subscripts m,
hydr, fric, signify motor, hydraulic and friction respectively. The factor
27 is a consequence of w being expressed in revolutions per second
rather than radians per second. The friction torque is assumed to be
proportional to the speed, with the proportionality constant Cs, (T#ic = Cs
- 2nw) The above equation is re-written using power instead of torque

(Q = 270 7):

Id(27l'(0) _ Qm _ thdr

- C, 27w
dt 27@ 27
or:
d_Cl) :l[Qm _Zthdr_Cfa)J
dt | Az w

This equation is used to determine the pump/compressor speed. The
motor torque, Qm, is defined by a tabular or a control function indicated
by I0APJN and IOPPJN. (Thus, if | > 0.0 then the interpretation of
IOAPJN, IOPPJN is different than when | = 0.0). The friction
coefficient, Cs, is defined below.

Acceptable range: PMIPJN>0.0, (for the Type 1 pumps:

PMIPJN=0.0).
Default value: 0.0.

Friction coefficient, Cr, (W-s?)=(kg-m?/s). This word is used for the Type
2 pumps, when the rotor moment of inertia is used to determine the pump
speed (PMIPJN>0). The value is used to calculate the friction power in
the pump inertia equation. The friction power is equal to Qr = 472 Cs
wlol (see the equation shown at PMIPJN description, above).
Acceptable range: CF1PJN>0.0, (for the Type 1 pumps: CF1PJN=0.0).
Default value: 0.0.

Pointer to a Tabular or Control Function, which controls the eventual
synchronization of the pump. ISNPJN is used only if a positive moment
of inertia, PMIPJN (Word 23) is specified.

If the value of the Tabular or Control Function is smaller than, or equal
to zero, then the pump’s motor is not synchronized, and the pump speed
is calculated using the pump moment of inertia, PMIPJN (Word 23), and
the motor power, Qm, defined by a tabular or a control function indicated
by IOAPJN and IOPPJN (Words 4 and 5).

If the value of the tabular or a control function is greater than zero, then
the pump’s motor is Synchronized, and the pump speed is constant and
equal to the nominal speed, OMNPJN (Word 3), multiplied by the value
obtained from the Tabular or Control Function indicated by ISNPJN. At
the moment the pump is synchronized (the value of Tabular or Control
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Function | ISNPIN| turns positive), its speed begins to change and it

changes until the target speed is reached. The relative rate of this change

is equal to DOMPJN (Word 14).

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if nonzero.

Default value: 0.

W-26 (R) : SEXPJN  Exponent s, applied in the surge region (see description of the pump
maps, appendix A). The value is used to define the pressure head through
the “effective speed”, w’, defined as:

0'=0- [ClD/Sa + (1_ ClD/sa) ) (V /Vsurge)lls]

where w is the true speed, Cps is the surge degradation factor (CDSPJN),
V is the volumetric flow, Vsurge is the volumetric flow at surge (defined
by IVSPJN), and a is the exponent (AEXPJN). In order to obtain stable
performance of the pump, SEXPJN should be set to 0.5 (or smaller) -
see description of the word CDSPJN above and appendix A.
Acceptable range: 0.1 < SEXPIN<10.0.

Default value: 1.0.

W-27 (R) : BLMPJIN  Limit on wg” in case of negative b (see description of the pump maps,
appendix A, Figure 4-21).
Acceptable range: 1.0 <BLMPJN <10.0
Default value: 2.0

2.2.9 Records: 232XXX,  Simplified Turbine Data

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

This record describes a simple turbine model, not recommended for general modelling. This was the
first turbine model applied in an early version of SPECTRA, and it is preserved in the code to keep
compatibility with earlier input decks. A more sophisticated turbine model, recommended for general
application, is based on maps similar to those defining pump/compressors, and is described in the next
section.

The simplified "turbine™ is treated as a special kind of Junction with flow loss coefficient that may
vary in time. An effective "turbine loss coefficient"” is calculated based on the turbine data specified
below (such as nominal turbine pressure difference, nominal flow, etc.), and is added to the normal
loss coefficients, FLCFIN, FLCRJIN, which are defined in record 210XXX (section 2.2.5), to
determine the overall loss coefficient during the transient. If the nominal turbine data indicate that the
overall loss coefficient should be smaller than FLCFJN, then an error message is printed and execution
is stopped. In such case user should increase the flow area of turbine Junction, or decrease FLCFJIN.

The nominal turbine parameters define the nominal turbine loss factor, Cy, as:
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2- A%,
PN 'VN2

- nominal turbine pressure drop, (Pa), (DPNTJN),

- Junction flow area, (m?), (AMAXJN, section 2.2.1),

- nominal turbine density, (kg/m?), (RHNTJN), this is the density in the volume
upstream the turbine Junction,

- nominal turbine flow, (kg/s), (VFNTJN).

The actual turbine loss coefficient, C;, is obtained during the transient from:

where: wn
w

fi

W-1 (R) :

W-2 (R):

W-3 (R) :

W-4 (1) :

96

w
C, =Cy fi(—)
Wy

- nominal turbine speed, (1/s), (OMNTJN),

- actual turbine speed, (1/s), defined by a Tabular or a Control Function,
indicated by the pointer IOMTJN,

- Tabular Function defining "turbine map", that means relative turbine loss
factor C/Cy as a function of relative turbine speed w/wn.

DPNTJN

VENTJIN

OMNTJIN

IOMTJN

Nominal pressure ratio 71y, (-) (if < 1000.0), or nominal pressure head,
APy, (Pa) (if > 1000.0). If 71y is specified, then turbine pressure head is
equal to: APn(t)=IInPo(t), where Po(t) is the current pressure upstream
the turbine. For gas turbines this option is more appropriate than using
constant pressure head 4Px.

If DPNTJN is equal to zero then the turbine model is not used and the
flow loss coefficients in this Junction are constant, and equal to the
values of FLCFIN, FLCRJN, defined in record 210XXX (section 2.2.5).
If DPNTJN is positive, then the turbine model is used, and the turbine
loss coefficient, C;, calculated as shown above, is added to FLCFJN,
FLCRJN, to obtain the overall loss coefficient for this JN.

Acceptable range:

DPNPJN >1.01 if 71y is specified (DPNPJN<10%)

DPNPJN > 1.01x103 if 4Py is specified (DPNPIN>10°)

Default value: 0.0

Nominal turbine volumetric flow, Vy, (m%s).
Acceptable range: VFNTJIN > 0.0
Default value: none

Nominal turbine speed, wn, (1/5).
Acceptable range: OMNTJIN > 0.0
Default value: none

Pointer to a Tabular Function or a Control Function which defines the

turbine speed, w(?). If the number is positive then the turbine speed will

be defined by the Tabular Function IOMTJN. If the number is negative

then the turbine speed will be defined by the value of Control Function

—IOMTJN.

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
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DOMTIN

PRNTJIN

RHNTJIN

ITCTIN

IEPPJN

Default value: 0

Maximum relative rate of change of turbine speed, (1/wn)(dw/dt), (1/5)
Acceptable range: 10° < DOMPIN < 10°
Default value: 0.5

Nominal turbine pressure (in upstream CV), pn, (kg/m?3).
Acceptable range: PRNTJIN > 0.0
Default value: initial pressure in the upstream CV

Nominal turbine density (in upstream CV), pn, (kg/md).
Acceptable range: RHNTJIN >0.0
Default value: initial gas density in the upstream CV

Number of the Tabular Function defining turbine map. If positive, then
the TF number ITCTJN defines relative turbine loss factors: Ci/Cy, as a
function of relative turbine speed w/wn. If zero then the relative loss
factor is always equal to one, which means: C; = Cy. If the value obtained
from the TF is smaller than zero then it will be set to zero.

Acceptable range: must be a valid reference number of a Tabular

Function, if non-zero
Default value: 0

Pointer to a Tabular or Control Function defining turbine efficiency for
positive flow. If the value is positive then the efficiency will be defined
by a tabular function with the number IEPPJN. If the value is negative
the efficiency will be defined by a control function with the number
| IEPPJN | . If the current value of the tabular function is smaller than
the minimum acceptable value (see the Acceptable range, below), it will
be set to the minimum acceptable value. If it is larger than 1.0 it will be
set to 1.0. If no value is entered then the efficiency will always be equal
to 1.0. The efficiency is defined as follows:

For gas turbine this is an isentropic efficiency, defined as:

_ thdr
Vpc, T[@WIT)*Y'* -1]

n

where V is the volumetric flow (m®/s), p is the density (kg/m?3), cp is the
specific heat (J/kg/K), T is the inlet temperature (K), IT is the turbine
pressure ratio, and Qnyar is the total power source for the fluid (W) (the
value is negative during normal turbine operation; note that the
denominator is also negative during normal operation). If the power,
Qnyar, becomes positive, then the efficiency is given by inverse of the
above formula.

For water turbines the efficiency is defined as:

_ thdr
77 =7
V AP
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where V is the volumetric flow (m®/s), AP is the pressure head (Pa), and
Qnyar is the total power source for the fluid (W) (the value is negative
during normal turbine operation). If the power, Qnyar, becomes positive,
then the efficiency is given by inverse of the above formula.
Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if nonzero. The efficiency is
further restricted as described in section 2.2.10,

Word 21.
Default value: 0
W-10 (1) : IENPJN  Pointer to a Tabular or Control Function defining the turbine efficiency

for negative flow. The efficiency definitions are similar as above, with

V replaced by | V] .

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if nonzero.

Default value: 0.

2.2.10 Records: 233XXX, Turbine Model Data

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

The turbine model is based on the same approach as the pump/compressor Type 2 model (see section
2.2.8). In fact the turbine model uses exactly the same subroutine as the Type 2 pump/compressor.
Only the input procedures are slightly different. Most of the input parameters are the same as in case
of the Type 2 pump/compressor. The turbine nominal parameters, such as nominal flow and pressure
ratio or head, are internally converted by the code into nominal parameters of an “equivalent pump”,
as shown in Figure 2-9. The equivalent pump is defined as a pump/compressor that has exactly the
same map as the turbine, if the map is plotted in terms of the pump pressure ratio (outlet divided by
inlet pressure) rather than the turbine pressure ratio (inlet divided by outlet pressure).

The “equivalent pump” approach allows to perform calculations using the same subroutines that
calculate pumps/compressors. The discussion of turbine maps is provided in appendix B.

W-1(R): DPNPJN  Nominal pressure ratio I1y, (-) (if < 1000.0), or nominal pressure head,
APy, (Pa) (if > 1000.0). If 71y is specified, then turbine pressure head is
equal to: A4Pn(t)=IInPo(t), where Po(t) is the current pressure upstream
the turbine. For gas turbines this option is more appropriate than using
constant pressure head 4Px.

If DPNPJN is equal to zero then the turbine model is not present and the
junction is a normal junction (with flow calculated from momentum
equation), a junction with flow controlled by Tabular or Control
Functions (as described in section 2.2.7), or a simplified turbine
(described in section 2.2.9). If DPNPJN is greater than zero then the
turbine model is used. The turbine model cannot be used if pump model
is used for the same junction (record 231XXX).

Acceptable range:

DPNPJN >1.01 if 71y is specified (DPNPIN<10%).
DPNPJN > 1.01x10° if 4Py is specified (DPNPIN>10°).
Default value: 0.0.
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Turbine Model - Test MAP
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. ) Voiumetric flow, V, [mé/ s]
"Equivalent Pump" (E.P.) nominal parameters:

Vo =V [(Cp-1)7Cp ]

) where: Cp=2.0
Mo =1 +(1- VI )/[(Cp-1)(Vy/ Vi) -Cpl

Figure 2-9 Turbine map - conversion of the turbine parameters into the “Equivalent Pump”
parameters, performed internally by the code.

W-2 (R): VFNPIJN  Nominal turbine volumetric flow, Vy, (m®/s).
Acceptable range: VFNPJN >0.0.
Default value: none .

W-3 (R): OMNPJIN  Nominal turbine speed, wn, (1/5).
Acceptable range: OMNPJN >0.0.
Default value: none .

W-4 () : IOAPJN  Pointer to a tabular or a control function, which defines turbine speed,
w, (1/s) (if the rotor moment of inertia is not used), or power of the
machine receiving power (generator), Qm, (W) (if the rotor moment of
inertia is specified - Word 20 below) for the atmosphere gas flow
through the turbine. Note that if receiving power, Qm, is specified, then
the value is normally negative (power is taken from the turbine).

If IOAPJN = 0 then the turbine speed is zero, or the motor power is equal
to zero.

If IOAPJN > 0 then the tabular function with reference number IOAPJN
defines the turbine speed, w, (1/s), or the power of the machine receiving
power (generator), Qm, (W).

If IOAPJN < 0 then the control function with reference number
|IOAPJN| defines the turbine speed, w, (1/s), or the power of the
machine receiving power (generator), Qm, (W).
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IOPPJN

VFOPJN

CRSPJN

CRFPJN

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if nonzero.
Default value: 0.

Pointer to a tabular or a control function, which defines turbine speed,

w, (1/s) (if the rotor moment of inertia is not used), or power of the

machine receiving power (generator), Qm, (W) (if the rotor moment of

inertia is specified - Word 20 below) for the pool flow through the

turbine. Note that if receiving power, Qn, is specified, then the value is

normally negative (power is taken from the turbine).

If IOPPJN = 0 then the turbine speed is zero, or the motor power is equal

to zero.

If IOPPJN > 0 then the tabular function with reference number IOPPJN

defines the turbine speed, w, (1/s), or the power of the machine receiving

power (generator), Qm, (W).

If IOPPJN < 0 then the control function with reference number

| 1OPPIN | defines the turbine speed, w, (1/s), or the power of the

machine receiving power (generator), Qm, (W).

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if nonzero.

Default value: 0.

Volumetric flow for zero-head AP = 0.0 (or 77=1.0), Vo, (M?s).
Acceptable range: 0.01 < (VFOPJN / VFNPJN) < 0.95.
Default value: 0.6xVFNPJN.

Degradation factor for reverse speed, Cgs (-). Defined as in case of the
pump/compressor model, as the ratio of the pressure head (pressure
ratio) in normal turbine speed to the head in reverse speed, both at zero
flow: Crs = (1/reverse)/ (U1 Tmax) (S€€ Figure 2-9). If the value is positive
then at reverse turbine speed the pressure head is in the same direction
(i.e. the line crosses the 77 =1.0 line - see Figure 2-9). If the value is
negative then at reverse turbine speed the pressure head has opposite
direction (i.e. the dashed line shown in Figure 2-9 would be above the
I7=1.0 line). Note that the pressure head (thus the hydraulic torque) is
larger when the turbine turns on reverse than during normal operation.
Acceptable range: —100.0 < CRSPJN < +100.0 .
Default value: —-1.5. The default value was selected based on
turbine data from reference [27] - see appendix B.

Degradation factor for reverse flow, Cre, (-). The flow-dependent term

in the pressure head formula is multiplied by this factor, whenever the

flow is negative (reverse) - see pump model description in Appendix

A22.

Acceptable range: 0.0 < CRFPJN < +100.0 (a warning message is
printed if the value is outside the range —
0.0 < CRFPJN < +1.0).

Default value: 0.05. The default value was selected based on
turbine data from reference [27] - see appendix B.
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CDSPJN

IVSPJN

INFPIN

IMPPJN

OMEMJN

DOMPJN

TPNPJIN

Low flow degradation factor, Cps, (-). Defined as in case of
pump/compressor model, as a ratio between the true pressure head at
zero flow, to theoretical pressure head at zero flow. This parameter is
typically not used for turbine modelling. Should a value less than 1.0 be
entered, the line wn in Figure 2-9 would bend at low flow range (say for
V < 0.2 m¥/s) towards the point (/7= 1.0, V < 0.0).

Acceptable range: 0.0<CDSPIN<1.0.

Default value: 1.0.

Pointer to a tabular function defining the limit for the low flow (surge)
degradation as a function of the turbine speed, Cvs(w) (-). As the word
above, this is a pump/compressor model parameter and typically is not
be used for turbines. It is defined as a ratio between the volumetric flow
for which surge occurs to the volumetric flow at zero head: Cys(w) =
Vsurge(w)/Vo(w) (compare Figure 2-8). If the current value of the tabular
function is smaller than 0.0, it will be set to 0.0. If it is larger than 1.0 it
will be set to 1.0. The argument for the Tabular Function will always be
the current turbine speed in rev/s. If no value is entered, or the entered
value is equal to zero, then surge model will not be used and the
parabolic equation will be used for the whole flow range.

Acceptable range: must be a valid reference number of a Tabular

Function, if nonzero.
Default value: none .

Indicator defining back flow through the turbine.

INFPJN = 1: Back flow is allowed (no check valve).

INFPJN = 2: Back flow is not allowed (check valve present).
INFPJN = 3: As 2, additionally valve closes when pump is stopped.
Acceptable range: 1and 2.

Default value: 1.

Indicator defining flow solution scheme. IMPPJN=1: implicit.
IMPPJN=2: explicit.

Acceptable range: 1. For turbines only the implicit method is allowed.
Default value: 1.

Not used for turbine. (pump Type 1 parameter - see section 2.2.8)

Maximum relative rate of change of turbine speed, (1/mn)(dw/dt), (1/s)
Acceptable range: 10° < DOMPJIN < 10%.
Default value: 0.5

Nominal temperature, Ty, (K). If no value is entered, or the entered value
is equal to zero, then the reduced flow (value used on the horizontal axis
of turbine maps) and the reduced speed are defined as the ratios of the
current value to the nominal value:
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VPNPJIN

If positive value is entered, then the reduced flow (value used on the
horizontal axis of turbine maps) and the reduced speed are defined as the
ratios of the current value to the nominal value, divided by the square
root of the inlet temperature ratio:

L)

T [T

TN TN

If the dynamic terms in p, T can be neglected (pwt = P, Twt = T), and the
gas composition does not change during calculations, the above
definition is consistent with the “corrected flow”, commonly used for
the gas turbine maps. The corrected flow is defined as:

W — W \/ TtOt

corr
ptot

where pwot and Tio: are the total (static plus dynamic) pressure, and the
temperature corresponding to the total (internal plus Kinetic) energy - see
for example reference [29] (Chapter 5) for the corrected flow definition.
Derivation of the reduced flow, as used in SPECTRA, from the
dimensional corrected flow is provided in Appendix A.2.

If the user wishes to take into account the dynamic terms, then he should
specify the nominal velocity, vy, (Word 15). If the user wishes to take
into account possible gas composition changes, then he should specify
the nominal gas constant, Ry, (Word 16).

Acceptable range: TPNPJN>273.1, or 0.0.

Default value: 0.0.

Nominal velocity, vy, (m/s). If the value is not entered, or the entered
value is zero, then the reduced flow (value used on the horizontal axis of
turbine maps) definition depends on the nominal temperature entry,
TPNPJN (as described above). A positive value of VPNPJN may only
be entered if TPNPJN is positive. If VPNPJIN is positive, then the
reduced flow (value used on the horizontal axis of pump maps) is

defined as:
v 1+v?/2c,T
Vv, 1+v/2c,T,
T [ 1+Vv?/2RT
Ty 1+V{ / 2RT,,

Vp =

If the gas composition does not change during calculations, the above
definition is consistent with the corrected flow, Weorr, cOmmonly used
for the gas turbine maps. Derivation of the reduced flow, as used in
SPECTRA, from the dimensional corrected flow is provided in
Appendix A.2.
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RPNPJN

AEXPIN

BEXPJN

If the user wishes to take into account possible gas composition changes,
then he should specify the nominal gas constant, Ry, (Word 16).
Acceptable range: VPNPJN = 0.0 or VPNPJN > 1.0

Default value: 0.0

Nominal gas constant, Ry, (J/kg/K). (Note that when Ry is needed, it can
be taken from the SPECTRA printout - the values of R are printed in the
SPECTRA Control Volume output, in the block titled fluid property
data). If the value is not entered, or the entered value is zero, then the
reduced flow (value used on the horizontal axis of turbine maps)
definition depends on the nominal temperature, TPNPJN, and velocity,
VPNPJN (described above). A positive value of RPNPJN may only be
entered if TPNPJN is positive. If RPNPJN is positive, then the reduced
flow (value used on the horizontal axis of pump maps) is defined as
described below.

e If vy (VPNPIN, Word 15) is zero:

w .

o If positive vy (VPNPJN, Word 15) is specified:
v 1+v?/2c,T
V, 1+v§ /2¢,T,
R T 1+v?/2RT
Ry J\ Ty 1+Vi 1 2RT,
The last definition is always (even when the gas composition changes)
consistent with the corrected flow, Weorr, commonly used for the gas
turbine maps. Derivation of the reduced flow, as used in SPECTRA,
from the dimensional corrected flow is provided in Appendix A.2.

Acceptable range: 100.0 < RPNPJN < 10000.0, or RPNPJN =0.0.
Default value: 0.0.

VR

Exponent a in the turbine map (see description of the turbine maps,
appendix B).

Acceptable range: AEXPJN > 0.0, and BEXPJN < AEXPJN <10.0
Default value: 2.0.

Exponent b in the turbine map (see description of the turbine maps,
appendix B).

Acceptable range: —10.0 <BEXPJN <10.0.

Default value: 1.0 (a small number, <10-*°, sets the value to 0.0).
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CEXPJN

IEPPJN

Exponent c in the turbine map (see description of the turbine maps,
appendix B).

Acceptable range: 0.0 < CEXPJN <10.0.

Default value: 2.0.

Pointer to a Tabular or Control Function defining turbine efficiency for
positive flow. If the value is positive then the efficiency will be defined
by a tabular function with the number IEPPJN. If the value is negative
the efficiency will be defined by a control function with the number
| IEPPIN | . If the current value of the tabular function is smaller than
the minimum acceptable value (see the Acceptable range, below), it will
be set to the minimum acceptable value. If it is larger than 1.0 it will be
set to 1.0. If no value is entered then the efficiency will always be equal
to 1.0. The efficiency is defined as follows:

For gas turbine this is an isentropic efficiency, defined as:

— thdr
Vpc, T[@/ID)*D* 1]

n

where V is the volumetric flow (m®/s), p is the density (kg/m?), cp is the
specific heat (J/kg/K), T is the inlet temperature (K), IT is the turbine
pressure ratio, and Qnyar IS the total power source for the fluid (W) (the
value is negative during normal turbine operation; note that the
denominator is also negative during normal operation). If the power,
Qnyar, becomes positive, then the efficiency is given by inverse of the
above formula.

For water turbines the efficiency is defined as:

— thdr
V AP

where V is the volumetric flow (m?/s), AP is the pressure head (Pa), and
Qnyar is the total power source for the fluid (W) (the value is negative
during normal turbine operation). If the power, Qnyar, becomes positive,
then the efficiency is given by inverse of the above formula.
Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if nonzero. The efficiency is
further restricted by the maximum value of 1.0, and
the minimum value, which depends on the power
sign. In case of positive power (typical
pump/compressor) the efficiency can only be
positive, and the minimum limit is set at 0.1. In case
of negative power (typical turbine) negative
efficiency is possible (see Figure 2-10). The
negative efficiency means that the fluid is being
decompressed and in spite of this the machine is
consuming power — point 2c in Figure 2-10.
Physically it means a large amount of energy is
dissipated as heat due to large friction. This may
happen for example in case of a turbine running with
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reverse speed - see appendix B. In case of negative
power the minimum limit of efficiency is set to —

10.0.
Default value: 0.
A
% Expansion from p, top,
= /,’J Eoiul 2¢ -
ya ‘,X‘I")alls‘]ﬂl] ":J‘,l 1
/ é:);sg)rt;: ?l?:l%l}]lﬂ speed)
P n<00 n=-4n,/4h,
€N$ Point 1
s /.é - )
—1 J’ ~ Point 2 ith gain of ¢
— (fobine at normial conditions)
- Point 2a O<n<1l0 7n=Ah /A,
- isentropic cxpansion
(ideal machine, maximum powcer)
n= 1.0
Enlrop)u?
Figure 2-10 Turbine decompression in a h-s diagram.
W-22 (1) : IENPJN  Pointer to a Tabular or Control Function defining the turbine efficiency
for negative flow. The efficiency definitions are similar as above, with
V replaced by | V| .
If the value is positive then the efficiency will be defined by a tabular
function with the number IENPJN. If the value is negative the efficiency
will be defined by a control function with the number | IENPIN | . If the
current value of the Tabular or Control Function is smaller than the
minimum acceptable value (see the Acceptable range, of IEPPJN,
above), it will be set to the minimum acceptable value. If it is larger than
1.0 it will be set to 1.0. If no value is entered then the efficiency will
always be equal to 1.0.
Acceptable range: must be a valid reference humber of a Tabular or a
Control Function, if nonzero.
Default value: 0.
W-23 (R) : PMIPJN  Turbine rotor moment of inertia, I, (kg-m?). If no value is entered, or the

entered value is equal to zero, then the inertia equation is not used, and
the turbine speed is determined by the Tabular or Control Functions
indicated by IOAPJN and IOPPJN (words 4 and 5 above). If a positive
value is entered, then the turbine speed is determined by the inertia
equation:

d(2zw)
I T :Tm _Thydr - Tfric

where w is the turbine speed, T is torque, and the subscripts m, hydr, fric,
signify machine receiving power (generator), hydraulic and friction
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CF1PJN

ISNPJN

SEXPJIN

respectively. The factor 2z is a consequence of w being expressed in
revolutions per second rather than radians per second The friction torque
is assumed to be proportional to the speed, with the proportionality
constant Cy, (Tric = Cr - 2mw). The above equation is re-written using
power instead of torque (Q = 2zwT):

Id(27ra)) _ Q. _ thdr

- C, 270
dt 2w 2w
or:
d_a) _ 1 Qm _Zthdr_Cfa)
dt I 4w

This equation is used to determine the turbine speed. The motor torque,
Qnm, is defined by a tabular or a control function indicated by IOAPJN
and IOPPJN. (Thus, if I > 0.0 then the interpretation of IOAPJN,
IOPPJN is different from their interpretation when | = 0.0). The friction
coefficient, Cy, is defined below.

Acceptable range: PMIPIN>0.0.

Default value: 0.0.

Friction coefficient, Cy, (W/s?). The value is used to calculate the friction
power in the turbine inertia equation. The friction power is equal to Qs =
472 Ciow| o] (see the equation shown at PMIPJN description, above).
Acceptable range: CF1PJN>0.0.

Default value: 0.0.

Pointer to a Tabular or Control Function, which controls the eventual
synchronization of the turbine. ISNPJN is used only if a positive moment
of inertia, PMIPJN (Word 20) is specified.
If the value of the Tabular or Control Function is smaller than, or equal
to zero, then the turbine’s motor (generator) is not synchronized, and the
turbine speed is calculated using the turbine moment of inertia, PMPIJN
(Word 20), and the motor power, Qm, defined by a tabular or a control
function indicated by IOAPJN and IOPPJN (Words 5 and 6).
If the value of the Tabular or Control Function is greater than zero, then
the turbine’s motor (generator) is synchronized, and the turbine speed is
constant and equal to the nominal speed, OMNPJN (Word 4), multiplied
by the value obtained from the Tabular or Control Function indicated by
ISNPJN. At the moment the turbine is synchronized (the value of a
Tabular or Control Function turns positive), its speed begins to change
and it changes until the target speed is reached. The relative rate of this
change is limited by DOMPJN (Word 14).
Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if nonzero.
Default value: 0.

Exponent s, applied in the surge region. This exponent is analogical to
the same exponent in the pump/compressor model. Since the surge
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model is typically not applied for turbines, the value of s is meaningless
for the turbine.

Acceptable range: 0.1 <SEXPJN <10.0.

Default value: 1.0.

W-27 (R) : BLMPJN  Limit on ® in case of negative b (see description of the pump maps,
appendix A).
Acceptable range: 2.0 <BLMPJN <20.0.
Default value: 10.0.

2.2.11 Records: 235XXX, Pump/Turbine Additional Data

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version). In this
record the user can define:

o The initial speed and speed limits for a pump (if record 231 XXX is present for this Junction) or a
turbine (if record 233XXX is present for this Junction).

e The minimum reduced flow used for power calculation in nearly zero flow region. Typically the
efficiency of pumps/compressors decrease with decreasing flow. In the limit of zero flow, the
efficiency is zero; the isentropic power is zero; and the true power is positive. In the code the true
power to fluid, Qnyar, is computed from:

Qisen
thdr = t
n

In case of zero flow both Qisenr and 1 are zero, so the symbol becomes undefined. In order to be
able to define a non-zero power at zero flow (pump operating with valve closed), the concept of
minimum velocity for power calculation is introduced.

W-1(R): OTAPJN Initial speed, w, of a pump (if record 231XXX is present for this
Junction) or a turbine (if record 233XXX is present for this Junction).
Acceptable range: —10-wn < @ < 10-wn (en is the nominal speed).
Default value: 0.0.

W-2 (R): VFAPJN  Initial volumetric flow of atmosphere (gas), Va, through a pump (if
record 231XXX is present for this Junction) or a turbine (if record
233X XX is present for this Junction).

Acceptable range: —10-Vn <V, < 10-Vy (Vi is the nominal flow).
Default value: 0.0.

W-3(R): VFPPJN  Initial volumetric flow of pool (liquid), V,, through a pump (if record
231XXX is present for this Junction) or a turbine (if record 233XXX is
present for this Junction)

Acceptable range: —10Vn <V, < 10Vy . (Vn is the nominal flow).
Default value: 0.0.

W-4 (R) : OMIPJN  Minimum rotational speed, cmin, 0f @ pump (if record 231XXX is present

for this Junction) or a turbine (if record 233XXX is present for this
Junction)
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Acceptable range: wmin < wn . (cn is the nominal speed).
Default value: -100.0 wn .

W-5(R): OM2PJN  Maximum rotational speed, wma, Of a pump (if record 231XXX is
present for this Junction) or a turbine (if record 233XXX is present for
this Junction)

Acceptable range: @max > wn . (en is the nominal speed).
Default value: +100.0 wn .

W-6 (R) : VMNPJN  Multiplier defining the minimum reduced flow for power calculation.
Used whenever the reduced flow is smaller than Vi , defined as:

@
where Vy is the nominal flow of a pump. In case of a turbine this is a
nominal flow of the “equivalent pump” (the “equivalent pump” data is
printed in the output file). wr is the reduced speed, and a, b, c are the
exponents in the pump/compressor/turbine map. The power is calculated
by replacing the actual reduced flow by the minimum flow. For example,
in case of water pump the power is given by:

a 1/c
mm=VMNmevaF%J

thdr = VminAP

The efficiency is then re-defined. The actual efficiency is given by:

VAP
thdr

n

Thus when the pump flow is zero, V=0.0, then the efficiency (above
formula) is zero, and the power, which enters the fluid, is positive

(:Vmin'AP)
Acceptable range: 102 < VMNPJIN < 2.0.
Default value: 05.

2.2.12 Records: 236XXX,  Simplified Pump/Turbine Data

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version). In this
record the user can define the pump head through a Tabular or Control Function. The value obtained
from the TF / CF may be positive (pump) as well as negative (turbine).

W-1(1): IPTAJN  Pointer to a Tabular or Control Function that defines the pump/turbine
head (Pa) for the atmosphere flow through the Junction XXX. If the
number is positive, then the head will be defined by a Tabular Function
with the reference number: IPTAJN. If the number is negative, then the
head will be defined by a Control Function with the reference number:
[ IPTAIN] .
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W-2 (1) : IPTPIN

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function that defines the pump/turbine
head (Pa) for the pool flow through the Junction XXX. If the number is
positive, then the head will be defined by a Tabular Function with the
reference number: IPTPJIN. If the number is negative, then the head will
be defined by a Control Function with the reference number: | IPTPIN| .
Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.

Note: in case of TF, the user defines the pump head as a function of time.

2.2.13 Records: 237XXX,

Request for Pump Curves

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

Pump characteristic curves (performance maps) are determined by the input parameters such as
VFOPJN, CRSPJN, etc., defined in the input records 231XXX. In order to make it easy to compare
the curves with source data, SPECTRA prints the pump curves for several selected pump speeds. In
this record the user can define the pump speeds for which the curves will be printed in the output file.
By default the curves are printed for reduced speeds of 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2. The curves are
printed for both positive and negative speeds. An example of such printout is shown below.

REDUCED PRESSURE HEAD FOR FORWARD PUMP SPEED:

N-red =

N-

red =

N-

red =

N-

red =

N-

red =

N-

red =

i V-red 2.000E-01 4.000E-01 6.000E-01 8.000E-01 1.000E+00 1.200E+00
0 0.00000E+00 5.33333E-02 2.13333E-01 4.80000E-01 8.53333E-01 1.33333E+00 1.92000E+00
1 2.00000E-01 4.00000E-02 2.00000E-01 4.66667E-01 8.40000E-01 1.32000E+00 1.90667E+00
2 4.00000E-01 2.08167E-17 1.60000E-01 4.26667E-01 8.00000E-01 1.28000E+00 1.86667E+00
3 6.00000E-01 -6.66667E-02 9.33333E-02 3.60000E-01 7.33333E-01 1.21333E+00 1.80000E+00
4 8.00000E-01 -1.60000E-01 8.32667E-17 2.66667E-01 6.40000E-01 1.12000E+00 1.70667E+00
5 1.00000E+00 -2.80000E-01 -1.20000E-01 1.46667E-01 5.20000E-01 1.00000E+00 1.58667E+00
6 1.20000E+00 -4.26667E-01 -2.66667E-01 2.22045E-16 3.73333E-01 8.53333E-01 1.44000E+00
7 1.40000E+00 -6.00000E-01 -4.40000E-01 -1.73333E-01 2.00000E-01 6.80000E-01 1.26667E+00
8 1.60000E+00 -8.00000E-01 -6.40000E-01 -3.73333E-01 3.33067E-16 4.80000E-01 1.06667E+00
9 1.80000E+00 -1.02667E+00 -8.66667E-01 -6.00000E-01 -2.26667E-01 2.53333E-01 8.40000E-01
10 2.00000E+00 -1.28000E+00 -1.12000E+00 -8.53333E-01 -4.80000E-01 2.22045E-16 5.86667E-01
W-1(R): OMRPJN(1) Relative pump speed (w/wn) number 1
Acceptable range: 0.0 < OMRPJN(1) < 2.0
Default value: 0.2
W-2 (R): OMRPJN(2) Relative pump speed (w/wn) number 2
Acceptable range: 0.0 < OMRPJN(2) < 2.0
Default value: 0.4
W-3(R): OMRPJN(3) Relative pump speed (w/wn) number 3

Acceptable range: 0.0 < OMRPJN(3) < 2.0
Default value:
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W-4 (R) : OMRPJIN(4) Relative pump speed (w/wn) number 4
Acceptable range: 0.0 < OMRPJN(4) < 2.0
Default value: 0.8

W-5(R): OMRPJN(5) Relative pump speed (w/wn) Number 5
Acceptable range: 0.0 < OMRPJN(5) < 2.0
Default value: 1.0

W-6 (R) : OMRPJN(6) Relative pump speed (w/wn) Number 6
Acceptable range: 0.0 < OMRPJIN(6) < 2.0
Default value: 12

2.2.14 Records: 238XXX,  User-Defined Fluid Properties - Positive Flow Direction

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

If this record is not present or default values are entered, then the fluid properties (liquid temperature,
gas temperature, gas composition) in the junction are always taken from the upstream CV. Note that
if stratification models are present in the upstream CV, then the local fluid properties at junction
elevation are used.

Using this record the parameters can be defined by using Tabular or Control Functions. This may be
useful in case of coupled code calculations - if local properties are known from more detailed outside
calculations (e.g. CFD code with fine mesh) they may be passed on to the junction. The data entered
in this record is used only if the flow direction is positive, to make sure that the information
coming from another code is used only when the flow direction is right. When the flow is negative,
then the upstream CV properties are used, unless record 239XXX is defined. Simultaneous use of
238XXX and 239XXX indicate erroneous input model definition and in such case a warning is given
in the diagnostics file.

W-1 (1) : IAT1IN  Pointer to a Tabular or Control Function that defines the temperature of
atmosphere gas flowing through the junction. If the number is positive,
the temperature will be defined by a Tabular Function with the reference
number: IAT1IN. If the number is negative, the temperature will be
defined by a Control Function with the reference number: [IATLIN].
At any given time of the transient the temperature will be equal to the
current value of the Tabular or Control Function with the following
limits: Tsar < Tams < 3070.

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.

W-2 (1) : IPL1IN Pointer to a Tabular or Control Function that defines the temperature of
pool flowing through the junction. If the number is positive, the
temperature will be defined by a Tabular Function with the reference
number: IPL1JN. If the number is negative, the temperature will be
defined by a Control Function with the reference number: [ IPLLIN] .
At any given time of the transient the temperature will be equal to the
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current value of the Tabular or Control Function with the following

limits: 273.2 < Tpool < Tsat.

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.

Default value: 0.

W-3 (1) : IGS1IN(1) Pointer to a Tabular or Control Function that defines the mole fraction
of gas 1 flowing through the junction. If the number is positive, the
fraction will be defined by a Tabular Function with the reference
number: IGSLJIN. If the number is negative, the fraction will be defined
by a Control Function with the reference number: |1IGSLIN|. At any
given time of the transient the mole fractions will be equal to the current
value of the Tabular or Control Function with the following limits: 0.0
<X(1)<1.0.

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.

W-4 (1) : IGS1IN(2) The same for gas number 2. Note that the user-defined gas mole fractions
must either be specified for all gases or none.

(...) until all gases are defined. Normalization is performed to ensure that sum of all
fractions is equal to 1.0.

2.2.15 Records: 239XXX,  User-Defined Fluid Properties - Negative Flow Direction

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

This record defines the same parameters as record 238XXX but these to be applied only when the
flow direction is negative. Changing the definition of JN flow direction in the input file and replacing
238X XX by 239XXX will yield the identical results. Simultaneous use of 238XXX and 239XXX
indicate erroneous input model definition and in such case a warning is given in the diagnostics file.

W-1(I): IAT2JN Pointer to a Tabular or Control Function that defines the temperature of
atmosphere gas flowing through the junction. If the number is positive,
the temperature will be defined by a Tabular Function with the reference
number: IAT2JN. If the number is negative, the temperature will be
defined by a Control Function with the reference number: | IAT2IN .
At any given time of the transient the temperature will be equal to the
current value of the Tabular or Control Function with the following
limits: Tsat < Tams < 3070.

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.

W-2 () : IPL2JN Pointer to a Tabular or Control Function that defines the temperature of
pool flowing through the junction. If the number is positive, the
temperature will be defined by a Tabular Function with the reference
number: IPL2JN. If the number is negative, the temperature will be
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defined by a Control Function with the reference number: [ IPL2IN | .

At any given time of the transient the temperature will be equal to the

current value of the Tabular or Control Function with the following

limits: 273.2 < Tpool < Tsat.

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.

Default value: 0.

W-3 (1) : IGS2JN(1) Pointer to a Tabular or Control Function that defines the mole fraction
of gas 1 flowing through the junction. If the number is positive, the
fraction will be defined by a Tabular Function with the reference
number: IGS2JN. If the number is negative, the fraction will be defined
by a Control Function with the reference number: |1GS2IN|. At any
given time of the transient the mole fractions will be equal to the current
value of the Tabular or Control Function with the following limits: 0.0
<X(1)< 1.0.

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.

W-4 (1) : IGS2IN(2) The same for gas number 2. Note that the user-defined gas mole fraction
must either be specified for all gases or none.

(...) until all gases are defined. Normalization is performed to ensure that sum of all
fractions is equal to 1.0.

2.2.16 Records: 240XXX, Flow Composition Parameters

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

The user can influence the composition of gas flowing through Junctions using these records. The
Flow Composition Parameters (FCP) may be defined for each gas by those records. If those records
are not present then the gas composition will always be equal to the gas composition in the upstream
Control VVolume, at the elevation of the Junction. If the FCP are entered then the volume fractions for
each gas are multiplied by the FCP for this gas and divided by the sum of FCP for all gases. Using the
FCP the user can introduce additional conservatism into the analysis. For example in BWR
containments the steam flow through vacuum breakers can be restricted, which will typically result in
higher containment pressures. Several records with the same number may be entered. Each record
defines FCP for one gas. Flow Composition Parameters are applied only for the atmosphere gases and
not for the bubble gases.

W-1(1): IGAS Gas number, (-). Must be one of the available gases. The built-in gases
are: 1 =H,, 2=He, 3=steam, 4 =N, 5=0,, 6 = CO,.
Acceptable range: 1 <IGAS < NGASCV < NGMXFL =20
Default value: none.

W-2(1): IFCPJN Indicator for Flow Composition Parameter (FCP) for gas IGAS. If
IFCPJN is zero then the FCP for this gas is equal to 1.0. If the number is
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positive then the Tabular Function IFCPJN will define the FCP for this
gas. If it is negative the FCP will be defined by the Control Function —
IFCPJN. The following limits are imposed on the values of FCP:
1.0x102 < FCP < 1.0x10° If the value obtained from the Tabular or
Control Function is outside this range it will be set to the nearest value
within the range. If FCP are used then the gas composition in Junction
is determined as:

Vicy * FCP;
Neas

Z Vkcv - FCP«
k=1

Viin —

where: v;, o is the volume fraction of gas i in the Junction, vi cv is the

volume fraction of gas k in the upstream CV, at the Junction elevation,

FCPx is the Flow Composition Parameter for the gas k.

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.

Default value: 0.

2.2.17 Records: 250XXX, Entrainment Indicators

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version). The use
of the entrainment indicators is explained in Volume 1, in the section describing the equation of mass
conservation.

W-1(R): ENTRJIN(1) Entrainment indicator for atmosphere flow, Eams. If Eams=0.0 then the
JN atmosphere flow is deposited in atmosphere of the receiving CV, as
long as the liquid level in the receiving CV is below the top of the
Junction. When the liquid level is above the top of the Junction then the
atmosphere flow is a source of bubbles in the receiving CV. If Eams=1.0
then part of the JN atmosphere flow is entrained into pool as bubbles,
whenever the pool level in the receiving CV is above the pool level in
the Junction. Note that bubbles are created in the receiving CV only
when the bubble model is activated for that volume (IBUBCV=2 - see
record 155XXX).

Acceptable range: 0.0 <ENTRJIN(1) <1.0
Default value: 0.0.

W-2 (R): ENTRJIN(2) Entrainment indicator for droplet flow, Egrop. If Earop=0.0 then the JN
droplet flow is deposited in the pool of the receiving CV, as long as the
liquid level in the receiving CV is above the bottom of the Junction.
When the liquid level is below the bottom of the Junction then the
droplet flow is a source of droplets in the receiving CV. If Eqrop=1.0 then
part of the JN droplet flow is entrained into atmosphere, already when
the pool level in the receiving CV is below the top of the Junction. Note
that droplets are created in the receiving CV only when the droplet
model is activated for that volume (IDRPCV=2 - see record 155XXX).
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Acceptable range: 0.0<ENTRJIN(2)<1.0
Default value: 1.0 (a small number, <107, sets the value to 0).

W-3 (R): ENTRJIN(3) Entrainment indicator for pool flow, Epeor. If Epoai=0.0 then the JN pool

flow is deposited in the pool of the receiving CV, as long as the liquid
level in the receiving CV is above the bottom of the Junction. When the
liquid level is below the bottom of the Junction then the pool flow is a
source of droplets in the receiving CV. If Epo=1.0 then part of the JN
pool flow is entrained into atmosphere as droplets, whenever the pool
level in the receiving CV is below the pool level in the Junction. Note
that droplets are created in the receiving CV only when the droplet
model is activated for that volume (IDRPCV =2 - see record 155XXX).
Acceptable range: 0.0<ENTRIN3<1.0

Default value: 0.0.

W-4 (R): ENTRJIN(4) Entrainment indicator for bubble flow, Epu. If Eoupn=0.0 then the JN

2.2.18 Records: 251XXX,

bubble flow is deposited in the atmosphere of the receiving CV, as long
as the liquid level in the receiving CV is below the top of the Junction.
When the liquid level is above the top of the Junction then the bubble
flow is a source of bubbles in the receiving CV. If Epunp=1.0 then part of
the JN bubble flow is entrained into pool, already when the pool level in
the receiving CV is above the bottom of the Junction. Note that bubbles
are created in the receiving CV only when the bubble model is activated
for that volume (IBUBCV=2 - see record 155XXX).

Acceptable range: 0.0<ENTRIN4<1.0

Default value: 1.0 (a small number, <107, sets the value to 0).

Drop Flow Regime Model Parameters

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference humbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

W-1(R): COVAIN
W-2 (R) : VIVAIN
114

Constant Co for drift flux model for Junction atmosphere, vertical

velocity (see Volume 1). This is the value denoted in Volume 1 as: C,

VA (_)

Acceptable range: 0.0 <COVAJN <10.0. If no value or zero is entered,
then Co, \a is calculated by the Drop Flow Regime
Model, as described in VVolume 1.

Default value: 0.0, a small value (<10-*°) value will set Co to 0.0

Terminal velocity, v., for drift flux model for Junction atmosphere,

vertical velocity (see Volume 1). This is the value denoted in Volume 1

as: Vay, A, (M/S).

Acceptable range: —100.0 < VIVAJN < 100.0. If no value or zero is
entered, then V., a is calculated by the Drop Flow
Regime Model, as described in Volume 1.

Default value: 0.0, a small value (<10-*°) value will set v.. to 0.0
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W-3 (R) : XVAIN
W-4 (R) : COHAJN
W-5R) :  VIHAIN
W-6 (R) : XHAIN
W-7 (1) : IDFAIN

2.2.19 Records: 252XXX,

Exponent x for drift flux model for Junction atmosphere, vertical

velocity (see Volume 1). This is the value denoted in Volume 1 as: Xy, a,

()

Acceptable range: 0.0 < XVAIN <10.0. If no value or zero is entered,
then xya is calculated by the Drop Flow Regime
Model.

Default value: 0.0

Constant Co for drift flux model for Junction atmosphere, horizontal

velocity (see Volume 1). This is the value denoted in Volume 1 as: Co,

hA, (_)

Acceptable range: 0.0 < COHAJN <10.0. If no value or zero is entered,
then Cop a is calculated by the Drop Flow Regime
Model, as described in Volume 1.

Default value: 0.0, a small value (<10-) value will set Co to 0.0

Terminal velocity, v., for drift flux model for Junction atmosphere,

horizontal velocity (see Volume 1). This is the value denoted in Volume

1 as: Vgna, (M/S).

Acceptable range: —100.0 < VIHAJN < 100.0. If no value or zero is
entered, then v.na is calculated by the Drop Flow
Regime Model, as described in Volume 1.

Default value: 0.0, a small value (<10-%°) value will set v., to 0.0

Exponent x for drift flux model for Junction atmosphere, horizontal

velocity (see Volume 1). This is the value denoted in Volume 1 as: X a,

()

Acceptable range: 0.0 < XHAJN < 10.0. If no value or zero is entered,
then xna is calculated by the Drop Flow Regime
Model.

Default value: 0.0

Droplet flow activator:

=0: droplet flow through junctions is possible
#0: droplet flow through junctions is not possible
Acceptable range: any integer

Default value: 0

Bubbly and Annular Flow Parameters

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

W-1 (R) : COVPIN

Constant C, for drift flux model for Junction pool, vertical velocity (see

Volume 1). This is the value denoted in Volume 1 as: Cop, (-).

Acceptable range: 0.0 <COVPJN <10.0. If no value or zero is entered,
then Co,p is calculated by the Bubbly Flow Regime
Model, as described in VVolume 1.

Default value: 0.0, a small value (<10 value will set Co to 0.0
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VIVPIN

XVPJIN

COHPJN

VIHPJIN

XHPJN

IANNJIN

IBFAIN

Terminal velocity, v., for drift flux model for Junction pool, vertical

velocity (see Volume 1). This is the value denoted in Volume 1 as: Vo,yp,

(mf/s).

Acceptable range: —100.0 < VIVPJN < 100.0. If no value or zero is
entered, then v..yp is calculated by the Bubbly Flow
Regime Model, as described in Volume 1.

Default value: 0.0, a small value (<10-°) value will set v.,t0 0.0

Exponent x for drift flux model for Junction pool, vertical velocity (see

Volume 1). This is the value denoted in Volume 1 as: Xyp, (-).

Acceptable range: 0.0 < XVPJN < 10.0. If no value or zero is entered,
then xvp is calculated by the Bubbly Flow Regime
Model, as described in VVolume 1.

Default value: 0.0.

Constant Co for drift flux model for Junction pool, horizontal velocity

(see Volume 1). This is the value denoted in Volume 1 as: Conp, (-).

Acceptable range: 0.0 < COHPJN < 10.0. If no value or zero is entered,
then Copp is calculated by the Bubbly Flow Regime
Model, as described in VVolume 1.

Default value: 0.0, a small value (<107*9) value will set Co to 0.0

Terminal velocity, v., for drift flux model for Junction pool, horizontal

velocity (see Volume 1). This is the value denoted in Volume 1 as: Vo p,

(mf/s).

Acceptable range: —100.0 < VIHPJN < 100.0. If no value or zero is
entered, then v.qnp is calculated by the Bubbly Flow
Regime Model, as described in Volume 1.

Default value: 0.0, a small value (<10-*°) value will set v..to 0.0

Exponent x for drift flux model for Junction pool, horizontal velocity

(see Volume 1). This is the value denoted in Volume 1 as: Xnp, (-).

Acceptable range: 0.0 < XHPJN < 10.0. If no value or zero is entered,
then xnp is calculated by the Bubbly Flow Regime
Model, as described in VVolume 1.

Default value: 0.0.

Annular flow model selection.

=1: Default model, see Volume 1.

=2: Dartmouth correlation, see Volume 1.
Acceptable range: 1 or 2.

Default value: 1.

Bubble flow activator:

=0: bubble flow through junctions is possible
#0: bubble flow through junctions is not possible
Acceptable range: any integer

Default value: 0
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2.2.20 Records: 253XXX,  Plume Model for Junction Flows

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

These records activate plume models for the material flowing through the Junction. The plume model
is used in Control Volumes in which stratification is calculated. Thus, it will be used only if there is
stratification model active in one (or both) Control Volumes connected by this Junction. A description
of the plume model is given in Volume 1. To activate the model for a single component, a set of two
integer numbers, described below, must be entered. To activate the model for two components, two
sets of pairs should be entered in this record.

W-1(1): J Identifier of component, for which the plume model is desired. J=1:
atmosphere; J=3: pool.
Acceptable range: J=1, or J=3.

Default value: none.

W-2(I): IPLMIN  Plume model activator. If IPLMJN = 0 then the plume model is not
active. If IPLMJN = 0 then the plume model is active for the component
J and Junction XXX.

Note that the plume model is used only when stratification models are
active in Control Volumes. The plume model will be deactivated if
Junction velocities exceed certain limits (see section 2.1.27).
Acceptable range: any integer.

Default value: 0.

etc., until all plumes are defined.

2.2.21 Records: 255XXX,  Counter-current Flow Model Constants

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

W-1(R): CCFVIN  Counter-current flow constant for vertical flow, Cg v. The counter-
current flow limit is defined by the equation:

_ | v |
[vg [+ -Cery

where o is a void fraction, Vg, Vi are the gas and liquid velocities
respectively. Generally, a larger value of CCFVJN causes smaller flow
resistance in counter-current flow. A large value (>10°) eliminates the
counter current flow.

Acceptable range: 10° < CCFVJN < 10%°

Default value: 0.1

W-2 (R) : CCFHIN  Counter-current flow constant for horizontal flow, Cg n. The counter-
current flow limit is defined by the equation:

K6223/24.277594 MSt-2402 117



SPECTRA Code Manuals - Volume 2: User’s Guide

_ | vg |
[ vg l*[vi|-Cetn

where o is a void fraction, vy, Vi are the gas and liquid velocities
respectively. Generally, a larger value of CCFHJIN causes smaller flow
resistance in counter-current flow. A large value (>10°) eliminates the
counter current flow.

Acceptable range: 10 < CCFHJIN < 10%°

Default value: 10.0

2.2.22 Records: 256000, Diffusion Model - Global Activator

W-1(1): JDIFJN Global indicator for diffusion calculation in junction.
= 1: diffusion is not calculated
= 2: diffusion is calculated.
If activated, diffusion is calculated for a gas flow through a junction.
Diffusion does not result in a net flow but only in change of gas
concentrations. A description of the diffusion model is provided in
Volume 1. Diffusion is only important in case of a very small velocity
in a junction. The diffusion calculation is automatically turned off in
those junctions where the gas velocity is higher than a certain limit (set
by the input parameter VMDFJN).
Acceptable range: 1lor2
Default value: 1

W-2 (1) : LDIFJN  Request for diffusion plot parameters
= 1: diffusion plot parameters not requested
= 2: diffusion plot parameters requested
If diffusion parameters are requested, then the volume change due to
diffusion is available in the plot file as IN-xxx-VDif-yyyy, where xxX is
the junction number and yyyy is the gas name. In such case the plot
parameters replace the default parameters JN-xxx-Cgas-yyyy (Table
2-24). The diffusion volume change is always available in the output file
* OUT.
Acceptable range: 1lor2
Default value: JDIFJN

2.2.23 Records: 256XXX, Diffusion Model - Individual Activators

XXX is the Junction reference number, 001 < XXX < 999. The Junction reference numbers, XXX,
need not be consecutive. The maximum number of Junctions is 600 (999 in LINUX version).

W-1(1): IDIFJN Indicator for diffusion calculation in junction.

= 1: diffusion is not calculated
= 2: diffusion is calculated.
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X1DFIN

X2DFJIN

If activated, diffusion is calculated for a gas flow through a junction.
Diffusion does not result in a net flow but only in change of gas
concentrations. A description of the diffusion model is provided in
Volume 1. Diffusion is only important in case of a very small velocity
in a junction. The diffusion calculation is automatically turned off in
those junctions where the gas velocity is higher than a certain limit (set
by the input parameter VMDFJN).

The model is applied to CV gases, defined in the FL Package. It may
also be applied for the fission product vapours, defined in the RT
Package. To do so; the user must supply the diffusion volumes
(SGFPRT, record 886XXY), needed to calculate diffusion coefficients.
Acceptable range: 1lor?2

Default value: JDIFJN

Diffusion length in the ‘from-CV”, Ltrom-cv, (M).
Acceptable range: 10 < X1DFJN < 10%°
Default value: FRLNJN/2.0 (half of the friction length)

Diffusion length in the ‘to-CV”, Lio-cv, (M).

Acceptable range: 10* < X2DFJN < 10%°
Default value: FRLNJN/2.0 (half of the friction length)

Options for Critical Velocity, Elevation and Area Checking

The options below are applied to all Junctions.

W-1(R) :

W-2(I):

W-3 (1) :

VMCFJIN

ICELJN

ICVAIN

Velocity below which the critical flow calculation is bypassed, (m/s).
Acceptable range: 0.0 < VMCFJIN < 1.0x10°
Default value: 10.0

Elevation checking option.

=-1: Check elevations close to CV bottom or top. Adjust JN elevations
and CV heights if needed. This option, or option +1, should be
used for two-phase systems.

=+1: Check elevations close to CV bottom or top. Adjust JN elevations
if needed. This option, or option —1, should be used for two-phase
systems.

=+2: Do not check nor adjust elevations close to CV bottom or top.
This option can be used for single-phase (pure gas) systems.

Acceptable range: -1,1,2

Default value: 1

CV horizontal and vertical area (AHORCV, AVERCV, record

111XXX) checking option. In general any of these flow areas should not

be smaller than the largest flow area of the Junctions connected to a

given CV. If the user wishes to apply smaller flow areas, he must allow

the code to accept such input by setting the value to 2.

=1: CV horizontal or vertical area smaller than the largest flow area
of the junctions connected to the given CV is flagged as an error
and is not accepted for calculations.
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HMINJN

HMAXIN

VMDFIN

XMDFJN

=2:  CV horizontal or vertical area smaller than the largest flow area
of the junctions connected to the given CV is accepted.

=3: CV areas are modified automatically by the code.
(A) If CV vertical area (AVERCYV) is smaller than the maximum
flow area of all horizontal junctions connected to this CV, then it
is set to the maximum JN area.
(B) If CV horizontal area (AHORCV) is smaller than the
maximum flow area of all vertical junctions connected to this CV,
then it is set to the maximum JN area.

=4: Junction flow areas are modified automatically by the code.
A) If the flow area of a vertical junction is larger than the
minimum horizontal flow area of the two connected CV-s, the
junction area is set to the smaller CV horizontal area.
B) If the flow area of a horizontal junction is larger than the
smaller of the minimum vertical flow area of the two connected
CV-s, the Junction area is automatically set to the smaller CV
horizontal area.

Acceptable range: 1,2,3,4

Default value: 1

Minimum distance between bottom of CV and JN bottom, (m). Used
when the elevation checking option is set (ICELIN<2). If the JN bottom
elevation, calculated from the JN level and JN height specified in the
input deck, is lower than the limit imposed by this value, it is
automatically reset by the code.

Acceptable range: 0.0 < HMINJN < 1.0x10°?

Default value: 1.0x10*

Minimum distance between top of JN and CV top, (m). The value should
be consistent with the parameter HMAXCV. Used when the elevation
checking option is set (ICELIJN<2). If the JN top elevation, calculated
from the JN level and JN height specified in the input deck, is higher
than the limit imposed by this value, it is automatically reset by the code.
Acceptable range: 0.0 < HMAXJN <5.0x102

Default value: 1.0x10?

Velocity above which the diffusion mass transfer calculation is
bypassed, (m/s). See the input parameter IDIFJN.

Acceptable range: 1.0x103 < VMDFIN < 1.0x10*!

Default value: 1.0x10?

Interpolation range for the diffusion mass transfer calculation. The
velocity-dependent multiplier is defined as:

= 1.0 for the gas velocity vgas < VMDFJIN x XMDFJIN

= 0.0 for the gas velocity vgas > VMDFJIN

= (VMDFIN — Vgas ) / ( VMDFIN — VMDFINxXMDFJN)

Acceptable range: 0.1 < XMDFJN <0.9

Default value: 0.5
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Minimum Reynolds Number for Friction Calculation

The value below is applied to all Junctions.

W-1(R) :

2.2.26 Records: 262000,

REMNJN  Minimum Reynolds number for friction calculation, Remin (-). In the

laminar range the friction factor is calculated from:
64
f=—
Re
Alimitis imposed on the Reynolds number: Re < Remi, . With the default
value, the friction factor is not larger than 10.0. The limit must be
decreased to analyze low velocity flows, for which Re < 6.4.

Acceptable range: 6.4x102 < VMCFJN < 6.4x10?
Default value: 6.4

User-Defined Critical Flow Model

This record activates the user-defined critical flow model. The model is intended to be applied for
alternative liquids or sensitivity calculations. If defined, the values below are applied to all Junctions.

W-1 (1) :

W-2 (1) :

ITFGIN

ITFLIN

Tabular Function, fgs, defining the critical velocity for the gas phase.
The TF value gives critical velocity, cgs (m/s), as a function of gas
temperature, Tgas (K):

c (T

gas = fgas gas)

The following limits are imposed on the value obtained from the Tabular

Function: 10.0 < Cgas < 10° m/s.

Acceptable range: 0 or reference to a Tabular Function. A positive
value must be used in case of alternative fluid
(IFLDFL>1)

Default value: 0

Tabular Function, fiiq, defining the critical velocity for the liquid phase.
The TF value gives the the critical velocity, ciq (Mm/s), as a function of
liquid temperature, Tiiq (K):

Ciiq = f|iq (rliq)

The following limits are imposed on the value obtained from the Tabular

Function: 100.0 < ciig < 10° m/s.

Acceptable range: 0 or reference to a Tabular Function. A positive
value must be used in case of alternative fluid
(IFLDFL>1)

Default value: 0
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Friction Model Global Activators

This records specifies default values of the friction model parameters. The default values can be
redefined for each individual junction in the records 210XXX.

W-1 (R):

W-2 (R) :

W-3 (R) :

W-4 (1) :

W-5 (1) :

W-61 (R) :

122

RFFGJN

RFRGJN

CMGJIN

MODGJN

M2PGJN

CLAGJN

Empirical coefficient in the Griffith-Rohsenow correlation for the two-
phase form loss factor multiplier, ri, forward flow, (-). Values of r are
shown in Table 2-2. The multiplier is equal to: 1.0 + r - X -vgg / Vt.
Acceptable range: 0.0 < RFFGJN < 10°

Default value: 1.0 (a small number, <10, sets the value to 0.0)

Empirical coefficient in the Griffith-Rohsenow correlation for the two-
phase form loss factor multiplier, rs, reverse flow, (-). Values of rs are
shown in Table 2-2. The multiplier is equal to: 1.0 + r - X -vgg / Vs.
Acceptable range: 0.0 < RFRGJN < 10°

Default value: 1.0 (a small number, <10-%°, sets the value to 0.0)

Moody coefficient for liquid flow, Cw, (-). The value of CMJN is applied
for pure liquid flow (X=0.0). For X>0 the value is interpolated, to give
1.0 when X=1.0. Thus, the effective multiplier on the critical flow is
equal to: Cy + X-(1 — Cy), see Volume 1. The best estimate value is 0.7
(Volume 3).

Acceptable range: 0.1<CMGIN<1.0

Default value: 0.7

Model to calculate friction factor, f, (-), (see Volume 1),

=1: non-uniform roughness, Colebrook-White formula,
=2: uniform roughness, Nikuradse formula,

=3: simplified method, Blasius and Prandtl-Nikuradse,
=11: non-uniform roughness, Beluco-Camano formula
=12: non-uniform roughness, Churchill formula
Acceptable range: MODGIN =1, 2, 3,11, 12

Default value: 11

Model to calculate two-phase friction multiplier, @7, (-), (see Vol. 1),

=1: no two-phase multiplier,

=2: Hancox-Nicoll model,

=3: Levy Model.

> 1000: @7 is given by a Tabular Function with the number:
(M2PFJN — 1000). The argument is void fraction. The
range of independent argument (void fraction) must cover
the range from 0.0 to 1.0, inclusive. The TF value must be
=1.0 for the void fraction of 0.0 and >1.0 for void fractions
>0.0.

Acceptable range: M2PGJN =1, 2, or 3.

Default value: 2

Correction factor for non-circular tubes, Ciam. It may also be used as a

multiplier for wire-wrapped rods. The friction factor in laminar flow is
obtained from:
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64-C,..

f —

wall — Re

Rectangular channel, dimensions 0.0<b/a < 1.0 [10] (Dia. 2-6)

Ciam = 1.50 b/a — 0.0

Ciam =0.89 b/a — 1.0 (square)

Tube bundle, pitch-to-diameter ratios 1.0<(P/D)<1.5 [10] (Dia. 2-9):
Cian = 0.89 - (P/D) + 0.63 triangular pitch

Ciam = 0.96 - (P/D) + 0.63 rectangular pitch

For wire-wrapped rods, Engel correlation [50] gives: f = 110/Re, 50 Ciam
=150/64=1.718

Acceptable range: 0.1 <CLAGJN <10.0

Default value: 1.0

W-7 (R) : CTUGJN  Friction factor multiplier for turbulent flow. Applicable for example for
wire-wrapped rod assemblies in fast reactors.
For wire-wrapped rods, Engel correlation [50] gives: f = 0.55/Re%%, so
compared to the smooth friction factor (Blasius): f = 0.316/Re®?, Cjam =
0.55/0.316 = 1.741. A good overview of correlations: [51].
Acceptable range: 0.1 <CTUGJN <10.0
Default value: 1.0

2.2.28 Records: 264000, Momentum Length, Friction Length Options

The momentum length, XLENJN is defined in the record 200XXX. In case of liquid-full volumes the
momentum length is automatically reduced by the program is to the minimum value, defined in this
record.

W-1(R): XLMNJN  Minimum momentum length for junctions connecting Control VVolumes
that are filled with liquid.
Acceptable range: 0.01 < XLMNJN< 100.0
Default value: 0.05

W-2(I): IMFLIN  Option to calculate the momentum length (XLENJN) and the friction
length (FRLNJN) automatically by the code:
=0: momentum and friction length are defined by the user,
=1: momentum and friction length are calculated by the code from the
recommended formulae (see description of XLENJN and FRLNJN) if
XLENJN and FRLNJN are entered as 0.0. If a positive value of
XLENJN or FRLNJN is entered, it is compared to the recommended
value. If the relative difference is larger than 0.1, a warning message is
printed.
=2: momentum and friction length are always calculated by the code
from the recommended formulae (see description of XLENJN and
FRLNJN), independently of the values entered.
Acceptable range: 0, 1,2
Default value: 0
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IDHDJN

Hydraulic Diameter - JN Versus CV

Option to calculate the CV hydraulic diameter (DHYDCV) based on JN
hydraulic diameter (DIAMJN).

=1: option not used. DHYDCYV is defined by the user. If no value is
defined, then the default value is used.

=2: option used. With this option DHYDCYV is compared to the
junction diameter, DIAMJN. If DIAMJN < DHYDCV, then DHYDCV
is set to DIAMJN. This option is consistent with SPECTRA version of
April 2023 or earlier.

Acceptable range: 1,2

Default value: 1

Solution of the Junction Flow Matrix

The "Junction Flow Matrix" (see Volume 1, Chapter 2) is used to calculate flows through all Junctions.
The dimension of the matrix is equal to the number of active Junctions (all Junctions except for closed
valves, Junctions with tabular flow control and critical Junctions). If the dimension is small then a
typical method of matrix solution (L-U decomposition - see Volume 1) is preferable. For matrices of
large dimension the bi-conjugate gradient method is available.

W-1 (1) :

W-2(1):

W-3(I) :

W-4 (R) :

W-5 (R) :

124

MSFMJIN  Method of solving the flow matrix dimension.

IMSFIN

MXFSIN

XCFMJN

CLCMJN

1 = only the Full Flow Matrix (FFM) is solved.

2 = the Full Flow Matrix is solved in the first iteration, subsequently the
Limited Flow Matrix (LFM) is solved.

Acceptable range: 1,2

Default value: 1

Indicator of the Junction Flow Matrix solution frequency.

1 = Junction Flow Matrix is solved at the beginning of a time step.
2 = Junction Flow Matrix is re-solved during iterations.
Acceptable range: 1, 2; any other entry is set to the default value
Default value: 2

Maximum number of Junction flow matrix solutions per time step. Used
if IMSFJN (Word 2 above) is equal to 2.

Acceptable range: 2 <MXFSIN <10

Default value: 2

Minimum velocity for Cs and C; calculation, (m/s), (see Volume 1).
Acceptable range: 10°< XCFMIN<0.1.
Default value: 103,

Multiplier in the time step limit for gas composition change. The time
step is limited if the gas composition in any Junction at the end of the
time step is very different than at the beginning of the time step. This
limit is specifically important in case of explicit definition of the
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CLMAJN

CLCEJN

CLCPJN

Junction donor quantities (IMPLJN = 2, Word 11 below). The time step
is limited to:

At = CLCMIN x Minl — 5 [at

0
e /]
where: Ci - mass fraction of gas i, end of time step,
¢ - mass fraction of gas i, start of time step,
At - previous value of time step, (s).
Acceptable range: 0.0 <CLCMIN<1.0

Default value: 0.1

Multiplier in the mass change limit for the atmosphere gas transport
(Courant Limit for gas flow - see also word 12 below). The time step is
limited if the gas mass flows through Junctions are large, compared to
the gas mass in a Control VVolume. The time step is limited to:

At = CLMAJN xMin[ M ain ]

MaX atms|
where: Moatms - mass of gas in a Control Volume (kg),
Wams - gas flow through a Junction connected to the

Control Volume, (kg/s). Maximum is taken
over all Junctions connected to the given
Control VVolume.

Acceptable range: 0.0 <CLMAJN<1.0

Default value: 0.50

Multiplier in the energy transfer time step limit. The time step is limited
if the energy transfer in or from a Control VVolume is large, compared to
the gas heat capacity in a Control VVolume. The time step is limited to:

At =CLCEIN x Min(MJ
| atms|
where: Mcv - mass of gas in Control VVolume (kg),
Cp - specific heat of the atmosphere gas, (J/kg/K).
ATmax - maximum temperature change (=100 K).
Qatms - total heat in or out the atmosphere of the

Control Volume, (W).
Acceptable range: 0.0 < CLMMJN <10.0
Default value: 1.0

Multiplier in the volume flow change limit for compressors and pumps.
The criterion applied for all Type 1 Pump/Compressor (see section
2.2.8) Junctions is:

K6223/24.277594 MSt-2402 125



SPECTRA Code Manuals - Volume 2: User’s Guide

At =CLCPJN x Min !
MaX(RatmsJN ’ RpooIJN)
where: Ratms, 3 maximum rate of change of atmosphere flow
through the compressor (1/s), = RCAPJN
(see 2.2.8),
Rpoot, n maximum rate of change of pool flow through the

pump (1/s), = RCPPJN (see section 2.2.8).
The criterion applied for those Type 2 Pump/Compressor (see section
2.2.8) for which moment of inertia is used to calculate the speed, is:

|l o, Aw
At =CLCPJIN x —X—
where: I - moment of inertia, (kg-m?).
oN - nominal speed, (s2).
do - speed change, (s?), taken equal to 10% of w.
Q - current power, (W).
Acceptable range: 0.0 < CLCPJN <10.0
Default value: 1.0
W-9 (R): CVCLIN Multiplier in the velocity change limit. The velocity change limit may

be activated if the change of velocities in the last two time advancements
are in the opposite directions (oscillating velocities). The time step is
limited to:

At =CVCLIN ><M|n(A JAt
Av,

where: A = Vi — Vi1,
Avo, = Vi1 — Vi-2,
Vi - velocity at k-th (last) advancement, (m/s),
Vi - velocity at k—1 advancement, (m/s),
Vico - velocity at k—2 advancement, (m/s),
At previous value of the time step, (5).

The limit is actlvated only if A4v; > CVCLIN x Ay, and if the absolute
value of either vi1 or vi» is larger than the minimum velocity, defined
by the Word 10 below.

Acceptable range: 0.0<CVCLIN<1.0

Default value: 05.
W-10 (R) : VVCLIN  Minimum velocity to apply velocity change limit (m/s) (see Word 9
above).
Acceptable range: 0.0 <VVCLJIN <1000.0.
Default value: 10.0. If density stratification is active in any Control

Volume (IDSPCV=0) and the link with thermal
stratification is not used (DTSPCV<0.0 - see section
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IMPLIN

CLMPJN

IACCIN

2.1.2), or if compressors with surge factor
CDSPJN<0.1 (section 2.2.8) are used, then the
default value is 1000.0. This means in practice that
no velocity change limit is applied. This setting was
motivated by observation that strong stratification
may sometimes lead to oscillations in flow solution,
which have little effect on the overall results. To
avoid time step cuts in such cases, the velocity
change limit is suppressed.

Method of calculating donor quantities in the Junction flow solution
matrix. If the value is 1 then the donor quantities (gas compositions,
temperatures) are implicit (end of time step value). This may require a
very large number of iterations if the number of Junctions is significant.
If IMPLIN = 2 then the explicit formulation is used and the donor
guantities are defined by the beginning of time step values.

Acceptable range: 1,2.

Default value: 2.

Multiplier in the mass change limit for the pool transport (Courant Limit
for liquid flow - see also Word 6 above). The time step is limited if the
liquid mass flows through Junctions are large, compared to the liquid
mass in a Control VVolume. The time step is limited to:

. M pool
At = CLMPJN x Min

Max\W 5,
where: Mpool - mass of liquid in a Control Volume (kg),
Wiool - liquid flow through a Junction connected to

the Control Volume, (kg/s). Maximum is
taken over all Junctions connected to the
given Control Volume.

Acceptable range: 0.0 <CLMPIN<1.0

Default value: CLMAJN (Word 6 above) .

Acceleration pressure drop calculation. The acceleration pressure drop
is calculated from:

ap.. P05 =%)
acc 2

where vy, Vp are the average velocities in the upstream and the

downstream Control VVolumes respectively.

1: acceleration pressure drop not included (compatible with SPECTRA

Version 2.00 and earlier).

2 : acceleration pressure drop included for atmosphere flow only.

3: acceleration pressure drop included for pool flow only.

4 : acceleration pressure drop included for atmosphere and pool flows.

Acceptable range: 1,2,3,4
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Default value: 4

W-14 (1) : INTFIN  Interface friction calculation.
1: interface friction not calculated
2 interface friction calculated
Acceptable range: 1,2
Default value: 2

W-15 () : INRTIN  Inertial “pressure drop” calculation in the Limited Flow Matrix.
1: inertial “pressure drop” reduced by with user-defined reduction
factors, defined by the next two words.
2 inertial “pressure drop” calculated without the reduction factors.
Acceptable range: 1,2

Default value: 1

W-16 (R) : ALFMJN  Reduction factor for atmosphere flow. Used if INRTJN =1.
Acceptable range: 1.0x10* < ALFMJIN <1.0
Default value: 1.0

W-17 (R) : PLFMJN  Reduction factor for pool flow. Used if INRTJN =1.

Acceptable range: 1.0x10*<PLFMJIN <1.0
Default value: 1.0x10°2

W-18 (1) : ILFMIN  Immediate time step request activator in case the discrepancy between
the velocities calculated by the Full Flow Matrix and the Limited Flow
Matrix are larger than 50% or values have different signs
1: arequest for an immediate time step cut is send to the numerical

Solver Package,

2. arequest for an immediate time step cut is NOT send.
Acceptable range: 1,2
Default value: 2

W-19 (R) : CLCDJN  Multiplier in droplet flow time limit (Courant Limit for droplet flow).

The time step is limited if the droplet vertical velocity and vertical height
of Control Volume. The time step is limited to:

At = CLCDJN x {h]

Vdrop
where: Hev - height of a Control Volume (m),
Vdrop - droplet vertical velocity (m/s)

Acceptable range: 0.00 < CLCDJN <100.0
Default value: 1.00
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2.2.31 Example of the Junction Data

The example input of Junction data given below defines a check valve Junction, JN-150, named
"Example Junction", allowing flow from CV-200 to CV-100, when the pressure in CV-200 is higher
by 0.1 bar than the pressure in CV-100, and closes when the CV-200 pressure exceeds the CV-100
pressure by less than 0.01 bar. The steam flow is restricted by the Flow Composition Parameter (FCP)
of 103, The FCP is defined by Tabular Function TF-100.

* Definition of Junction ©No. 001
*

*

205150 Example Junction

*

* Area Elevation Length Diameter Height Flow

* From To (m2) (m) (m) (m) (m) Direction Edges
200150 200 100 0.05 5.0 0.1 0.1 0.1 0 0.0
*

* Length Roughness Diameter K-for K-rev rf-for rf-rev CM  MOD

* (m) (m) (m) (=) (=) (=) (=) (=) (=)
210150 0.1 1.0E-5 0.1 0.5 0.5 1.0 1.0 0.7 1

*

* Valve

* Motor dP-open dP-close

220150 0 0.10E+5 0.01E+5

*

* Gas TF number

240150 3 100

*

605100 TF defining CFP for check valve, for conservative BWR analysis.
600100 0.0 1.0E-03
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2.3 1-D Solid Heat Conductor Input Data

2.3.1 Records: 300XXX, 1-D Solid Heat Conductor Main Data

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. The Solid Heat Conductor
reference numbers, XXX, need not be consecutive. The maximum number of 1-D Solid Heat
Conductors is 550 (999 in LINUX version).

W-1(1): IGEOSC  Geometry type, (-).
IGEOSC =1: rectangular geometry,
IGEOSC =2 cylindrical geometry,
IGEOSC =3: spherical geometry.
Acceptable range: 1,2, 3.
Default value: none.
W-2 (R): SIZESC  Size of solid conductor. The interpretation depends on the geometry:
IGEOSC=1: area of the conductor surface, (m?),
IGEOSC =2: length of the cylinder, (m),
IGEOSC =3: not used.
Acceptable range: 0.0 < SIZESC < 10%.
Default value: none.
W-3(R): X0SC Left (inner) side coordinate. The interpretation depends on the geometry
type.
IGEOSC=1: not used,
IGEOSC =2: inner radius of the cylinder, (m),
IGEOSC =3: inner radius of the sphere, (m).
Acceptable range: 0.0 < X0SC < 10%,
Default value: 0.0.
W-4 (R) : ELEVSC Elevation of middle point of the conductor, (m). If —999 is entered, then

the SC is automatically allocated to match the elevations of CV-s:

{Min[ZTop(Cvl), ZTop(CVZ)] + MaX[ZBOT(CV1), ZBOT(CVZ)]} / 2. Here

Zop and Zrop are top and bottom elevations of the left boundary volume

CV1 and the right boundary volume CV; . The automatic allocation of a

1-D Solid Heat Conductor is illustrated in Figure 2-12 (see also Volume

1, description of the SC boundary conditions).

Acceptable range: elevations of the boundary surfaces that transfer
heat to Control Volumes must lie within the
elevations of the corresponding Control VVolumes

Default value: 0.0
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W-5 (1) : IVERSC  Vertical orientation of conductor, (-), see Figure 2-11.
Rectangular: IVERSC = 0: vertical wall
IVERSC=+1: horizontal wall, left surface up
IVERSC=-1: horizontal wall, left surface down
Cylindrical: IVERSC= 0: vertical cylinder
IVERSC=+1: horizontal cylinder
Acceptable range: 1,0, +1
Default value: 0

W-6 (R) : POWRSC Internal power source, (W). In order to obtain the current internal source,
the value of POWRSC is multiplied by the time dependent multiplier
defined by IPOWSC (word 7) and by the constant multiplier POWMSC
(word 9), if present.

Acceptable range: —10%° < POWRSC < 10%,
Default value: 0.0.

Rectangular Geometry

o 5
5 5
§ 5 Left surf Right surf:
= Node | su ace'l .. s ight surface
—_— cl|on | =T wy b y haf
5. Ak BN BE BE J o2 - o4
=2 -
2 e3 e3
o4 / e2
75 Right surface Node |  Left surface
IVERSC=0 IVERSC=1 IVERSC=-1

Cylindrical Geometry
_5  Right surface

5 Right surface
Left surface
5 Right surface

Pyl
'
e3
Py

o3
[}

Node 1
Node 1

5 Right surface

IVERSC=0 IVERSC=1
Figure 2-11 Vertical orientations of 1-D Solid Heat Conductors
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ZpplCV-110)

CV-110

Z,,{CV-110)

SC-100

SC-100

Vertical, left side in CV-110, right side in CV-120

Z,p(SC-100)

7, (CV-120)

top

Z, oA SC-100)

Z,o{SC-100)

Z,,(CV-120)

SC-200
Horizontal. left side in CV-210, right side in CV-220
Z,,(CV-210)
CV-210
Z,,{CV-210) Z,,7(SC-200)
sca00f—+— ZeenefSC-200)
. Z g SC-200)
7, (CV-220)
Cv-220
Z,dCV-220)

Z,(CV-310)

CV-310

Z,odCV-310)

SC-300

SC-300

Vertical, left side in CV-310, right side in CV-320

Error. Impossible to find
elevation and height of SC-300

-

Z oo SC-300)

Z 5 CV-320)

CV-320

Z,,{CV-320)

SC-400

Horizontal, left side in CV-410, right side in CV-420

Z,(CV-410)

CvV-410

Z,{CV-410)

SC-400

Error. Impossible to find
elevation and height of SC-400

7. (SC-400)

“center

Z,(CV-420)
CV-420

Z,,ACV420)

Figure 2-12

W-7 (I) :

132

Automatic allocation of SC within the boundary Control Volumes

IPOWSC Pointer to a Tabular or Control Function which defines the internal
power multiplier. If the number is equal to zero, then internal power
source is constant, and equal to POWRSC (Word 6). If the number is
positive, then the internal power multiplier will be defined by the
Tabular Function IPOWSC. If it is negative the multiplier will be
defined by the Control Function [IPOWSC|. No lower or upper limit is
imposed on the value obtained from a Tabular or Control Function (thus
a negative power source is allowed). If there is no internal power source

(POWRSC=0.0) then IPOWSC must also be equal to zero.

Acceptable range:

Default value:

must be a valid reference number of a Tabular, or a

Control Function, if non-zero.

0.
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W-8 (R): HINCSC Inclination of nearly horizontal tubes, (degree). Tubes that have small
inclination should be modelled as horizontal (IVERSC=%1, see Word 5
above) with HINCSC > 0.0°. The value is used by the condensation
model.

Acceptable range: 0.0° <HINCSC < 20.0°.
Default value: 0.0°.

W-9 (R): POWMSC Constant power multiplier. The constant power multiplier is introduced
to have an easy way of defining for example axial power profile.
Acceptable range: —10'° < POWMSC < 10%°
Default value: 1.0

2.3.2 Records: 301000, SC Groups - General Data

W-1(I): KGRPSC Default SC group number. SC groups are introduced for editing; at the
end of input processing volumes and masses of all materials is printed
for each SC group. SC groups may be used to check the volumes and
masses of materials in primary system, secondary system, etc.
Acceptable range: 1 <KGRPSC <20
Default value: 1

2.3.3 Records: 301XXX, Initial and Transient Temperatures, SC Group Data

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999, The Solid Heat Conductor
reference numbers, XXX, need not be consecutive. The maximum number of 1-D Solid Heat
Conductors is 550 (999 in LINUX version).

This record is optional. All entries from this record have their default values, recommended for general
application.

W-1(1): INTSC Initial temperature calculation indicator.

1: Initial temperature distribution is calculated. If this option is
selected, the program calculates temperature distribution
performing conduction calculation with a large (4/=10% s) time
step. In rare cases convergence failure may be encountered when
performing the initial step. Usually it is good to ignore the
convergence failure, since the calculated initial temperatures are
typically better than could be obtained by manual initialization.
The convergence failure can be ignored, by setting IACSFL
(Word 8 in record 920000 - see section 2.16.5).

2: Input values (Words 4 in records 310XXX) are used. Use this
option also if temperatures should be read from an Initial
Condition File - ICF (section 2.16.3).

Acceptable range: 1, 2.

Default value: 2.

W-2 (R): ITYPSC  Transient temperature calculation indicator.
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IGRPSC

1: Temperatures are time independent; that means the initial
temperatures are kept through the transient.

2: Transient temperatures are calculated from conduction equation
(normal SC type).

Acceptable range: 1, 2.

Default value: 2.

SC group number. SC groups are introduced for editing; at the end of
input processing volumes and masses of all materials is printed for each
SC group. SC groups may be used to check the volumes and masses of
materials in primary system, secondary system, etc.

Acceptable range: 1 <IGRPSC <20

Default value: KGRPSC (defined in record 301000)

Multiplicity of the 1-D Solid Heat Conductor

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. The Solid Heat Conductor
reference numbers, XXX, need not be consecutive. The maximum number of 1-D Solid Heat
Conductors is 550 (999 in LINUX version).

W-1 (R) :

2.3.5 Records: 303000,

W-1 (1) :

W-2 (1) :

134

XMLTSC

NIMGSC

NDGSC

Multiplicity of the 1-D solid conductor. This is the number of solid
conductors that are identical to the conductor XXX. If XMLTSC<0 then
multiplicity will be time-dependent and defined by a Control Function
with reference number -XMLTSC].

Acceptable range: 0.0 < XMLTSC <10 or CF reference number
Default value: 1.0.

Numerical Integration Method, Global Activator

Numerical integration method - Figure 2-13.
=1:  Nodes at cell-centers.
This was the only method available in earlier SPECTRA versions
=2:  Nodes at cell-edges (used in MELCOR, RELAP, etc.).
An advantage is an more accurate stationary state temperature
distribution in case of a coarse nodalization and nonuniform
power profile - see Volume 3, section: “Integration methods 1
and 2 -Non-uniform Power, Comparison with MELCOR”).
Acceptable range: 1and 2
Default value: 1

For numerical integration method 2, this is the node number for axial
conduction or direct contact conduction.

=1: left boundary node,

=2: right boundary node,

=3: average of the left and right boundary nodes.

Acceptable range: 1,2,3

Default value: 1
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Numerical Integration Method, Individual Activators

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. The Solid Heat Conductor
reference numbers, XXX, need not be consecutive. The maximum number of 1-D Solid Heat
Conductors is 550 (999 in LINUX version).

W-1(R):

W-2(I):

NIMISC

NDISC

Numerical integration method - Figure 2-13.
=1:  Nodes at cell-centers.
This was the only method available in earlier SPECTRA versions
=2:  Nodes at cell-edges (used in MELCOR, RELAP, etc.).
An advantage is an more accurate stationary state temperature
distribution in case of a coarse nodalization and nonuniform
power profile - see Volume 3, section: “Integration methods 1
and 2 -Non-uniform Power, Comparison with MELCOR”).
Note! Method 2 is used only for temperature distribution calculation.
The fission product diffusion is always calculated using the Method 1.
The diffusion results are practically independent of the method used for
temperature calculation. The only difference is introduced by the
temperature-dependent diffusion coefficient. If Method 1 is used, then
there is a direct correspondence between the temperature nodes and the
diffusion nodes. In such case the diffusion coefficient in cell i is obtained
using the temperature in the same cell: D; = fi(T;). If Method 2 is used,
the diffusion coefficient in a given cell is obtained using the average
temperature of the two temperature nodes bounding the computational
cell: temperature in the same cell: D; = fi( (Ti + Ti+1 )/2).
Acceptable range: 1and 2.
Default value: NIMGSC

For NIMISC=2, this is the node number for axial conduction or direct
contact conduction.

=1: left boundary node,

=2: right boundary node,

=3: average of the left and right boundary nodes.

Note: implicit solution of direct contact is available only for NDISC = 1
or 2. For these values the minimum resistance is 10° (m-K/W). For
NDISC=3, the minimum resistance is equal to 102 (m-K/W) - see
description of IHAXSC, record 390XXX).

Acceptable range: 1,2,3

Default value: NDGSC
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1-D Heat Conduction Test Time: R . Time:
‘ gl ‘ 1D Hea Conduction Test ‘ e
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Figure 2-13 Numerical integration methods:
left: SPECTRA original method, nodes at cell centers
right MELCOR/RELAP method, nodes at cell edges

2.3.7 Records: 304XXX,

Optional Size Change During Transient

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. The Solid Heat Conductor
reference numbers, XXX, need not be consecutive. The maximum number of 1-D Solid Heat
Conductors is 550 (999 in LINUX version).

W-1 (1) : IAHTSC

136

Pointer to a Tabular or Control Function that defines a multiplier on the
SC size (left and right surface area) during the transient. If the number
is positive, then the multiplier will be defined by a Tabular Function with
the reference number: IAHTSC. If the number is negative, then the
multiplier will be defined by a Control Function with the reference
number: |IAHTSC|. The value obtained from the Tabular or Control
Function will be internally limited to the range between 107 and 1.0.
The thickness and node sizes are not affected. If the size change is
applied and the SC has an internal heat source, the source strength will
follow the size change (i.e. the power density, W/m?, will remain the
same). The plot parameter SC-xxx-Qcel-xxxx, giving the power
generation in each cell, is however not reflecting this fact (it gives power
of the “full size” SC, independently of the value of the multiplier). The
model can be used for SCs with direct contact (records 390XXX) but in
such case the SC size multiplier should be made the same for the SCs
that are in contact.
The size change can be applied for the cases when:
1. SC surfaces are convecting heat,
2. simple radiation-model between the SC surface and gas is used,
3. structure-to-structure radiation model is used.
Examples of all three cases are shown in Volume 3. The model cannot
be used if SC is a member of the detailed radiation model network
(section 2.6), because the radiation view factors do not change in time.
Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 1
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2.3.8 Records: 305XXX, Name of the 1-D Solid Heat Conductor

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. The Solid Heat Conductor
reference numbers, XXX, need not be consecutive. The maximum number of 1-D Solid Heat
Conductors is 550 (999 in LINUX version).

W-1(A) : NAMESC User defined name, length up to 50 characters. The hame is read as a 50
character string, starting from the first non-blank character after the
record identifier. There must be at least one blank character, separating
the name from the record identifier.

Acceptable range: any string of up to 50 characters.
Default value: 50 "underline"” characters: " " .

2.3.9 Records: 310XXX, Cell Data

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999, The Solid Heat Conductor
reference numbers, XXX, need not be consecutive. The maximum number of 1-D Solid Heat
Conductors is 550 (999 in LINUX version).

Several records with the same number may be entered. Each record with this number contains data for
NC cells. Cell data are read sequentially - the first record in the input is interpreted as containing the
data for the first (leftmost) NC cells. The total number of cells of a 1-D Solid Heat Conductor may not
exceed 100 and may not be smaller than 2.

W-1(R) : CELLSC  Cell width, (m). For the boundary cells the cell width is compared to the
thermal penetration depth (see Volume 1):

doem(@®) =C-Jat =7.09- [k /(p-c,)-t

A warning message is printed if:
CELLSC>0pen(10%)=70.9-(k/(p-cp) )2

An error message is issued if:
CELLSC>dpen(10%)=709-( k/(p-cp) )2

Acceptable range: 0.0 < CELLSC < 10%,
Default value: none.

W-2(I): MATCSC Pointer to a material number, (-). Each cell is assumed to be composed
of a single material defined by this word.
Acceptable range: must be a valid reference number of a solid
material, defined in records 801XXX, 802XXX,
803XXX - see section 2.10).
Default value: none.

W-3 (R): QFRCSC Relative power density in this cell, (-). The values are relative and may
be scaled by any factor. The values will be normalized during the input
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processing so that the total internal power source of the conductor is
always equal to POWRSC multiplied by the value of the Tabular or
Control Function |IPOWSC| (if used). If the internal power source,
POWRSC, is greater than zero, then QFRCSC must be greater than zero
for at least one cell. If the internal power source, POWRSC, is equal to
zero, then QFRCSC must be equal to zero for all cells.

Acceptable range: 0.0 < QFRCSC < 10%.

Default value: 0.0.

TINCSC Initial cell temperature, (K). Used only if INTSC=2 (section 2.3.3).
If NIMISC=1 (nodes at cell-centers) this is the center temperature of the
cell.
If NIMISC=2 (nodes at cell-edges) this is the left temperature of the cell.
The right temperature of the last cell is in such case specified in record
311IXXX.
Acceptable range: 273.0 < TINCSC < 10,000.0.
Default value: none.

NC Number of cells. Data words 1 - 4 are applied for NC cells, starting from
the cell number NF, if a nonzero value is specified for Word 6, otherwise
from the cell number N+1, where N is the sum of NC for all previous
records with this number.

Acceptable range: >1. The total number of cells, equal to the sum of
NC entered in all records, NCELSC = >(NC), must
be within the range of: 2 < NCELSC < 100.
Default value: 1

NF Starting cell number. If this number is missing, the starting cell is the
first yet unspecified cell, i.e. cell N+1, where N is the sum of NC for all
previous records with this number. If NF=N+1, this record defines data
for a new cell or cells. If NF<N+1, this is a replacement data.
Acceptable range: 1 < NF < N+1, where N is the sum of NC for all

previous records with this number
Default value: N+1

Example 1: five cells with material 101, two cells with material 102:

*

310101
310101

x-cell Mat Power T (K) NC NF
0.001 101 0.0 300.0 5 * data for cells 1-5, Mat. 101
0.001 102 0.0 300.0 2 * data for cells 6-7, Mat. 102

Example 2: three cells with material 101, two cells with material 105, two cells with material 102:

*

310101
310101

310101

*

138

x-cell Mat Power T (K) NC NF

0.001 101 0.0 300.0 5 * data for cells 1-5, Mat. 101
0.001 102 0.0 300.0 2 * data for cells 6-7, Mat. 102
0.001 105 0.0 300.0 2 4 * data for cells 4-5 redefined

to Mat. 105
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Right Surface Temperature

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. The Solid Heat Conductor
reference numbers, XXX, need not be consecutive. The maximum number of 1-D Solid Heat
Conductors is 550 (999 in LINUX version).

This record is needed if the second numerical integration method is used, NIMISC=2 (nodes at cell-

edges).

W-1(R) :

2.3.11 Records: 321XXX,

TINRSC

Initial temperature at the right surface of SC. This is the right surface
temperature of the last cell. The left surface temperatures for all cells are
defined in the records 310XXX.

Acceptable range: 273.0 < TINRSC < 10,000.0.

Default value: temperature of the previous node.

Left (Inside) Side Boundary Conditions

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999, The Solid Heat Conductor
reference numbers, XXX, need not be consecutive. The maximum number of 1-D Solid Heat
Conductors is 550 (999 in LINUX version).

W-1 (1) :

W-2 (R) :

IVLLSC

HGTLSC

Control Volume number for convective heat transfer. The value
specifies the Control Volume, which is associated with the left (inside)
boundary surface. If zero is entered, then the left surface is either
insulated, or the convective heat transfer coefficient and the fluid
temperature are specified by Tabular or Control Functions (defined by
words 3 and 4 below). If IVLLSC>0, then heat is transferred to/from the
CV using the standard heat and mass transfer package (Volume 1). It is
also possible to overrule the use of the standard heat and mass transfer
package, and use a Tabular or Control Function (defined by word 3
below) to determine the heat transfer coefficient. Also the fluid
temperature can be altered by a Tabular or Control Function, by using
the Word 4 below. In such case the value obtained from the Tabular or
Control Function will be taken with weighting factor of 0.5, and the true
(Control Volume) fluid temperature will be taken with the weighting
factor of 0.5. If the heat transfer coefficient or the fluid temperature are
defined by Tabular or Control Functions, then only heat transfer will
occur on the surface, mass transfer (boiling/condensation) will not be
calculated.

Acceptable range: must be a valid reference number of a Control

Volume, if non-zero.
Default value: 0.

Height of the left surface of the SC (elevation difference between the
uppermost and the lowermost point of the surface). Used only if
IVLLSC > 0. Used to determine pool and atmosphere fractions in case
the surface is partly covered by pool.

Acceptable range: 0<HGTLSC < 10%.

Default value: RECTANGULAR geometry (IGEOSC=1):
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IHTLSC

ITPLSC

- HORIZONTAL (IVERSC=0):
Zero .
- VERTICAL (IVERSC=0):
square root of the surface area, given by
SIZESC (section 2.3.1). It is appropriate for
square surfaces, thus for a rectangular
geometry the default value should not
generally be used. The appropriate value,
wall height, should be entered.
CYLINDRICAL geometry (IGEOSC=2):
- HORIZONTAL (IVERSC=0):
inner diameter, calculated from X0SC.
- VERTICAL (IVERSC=0):
cylinder length, given by SIZESC.
SPHERICAL geometry (IGEOSC=3):
inner diameter, calculated from X0SC.

Pointer to a Tabular or Control Function defining the convective heat

transfer coefficient (HTC) at the left surface. If zero then the HTC is

calculated by the code for the thermal-hydraulic conditions taken from

the volume IVLLSC (Word 1). If the value is positive, HTC will be

defined by the Tabular Function IHTLSC. If it is negative, it will be

defined by the Control Function | IHTLSC|. The units of the guantities

obtained from the Tabular or Control Function are assumed to be

(W/m¥K). If the obtained value is negative, it will be set to zero. Note

that if IHTLSC=0 then the fluid temperature, needed to calculate the

boundary heat flux, is taken as:

- if IVLLSC>0 then the fluid temperature in Control Volume
IVLLSC is used.

- if ITPLSC#0 then the fluid temperature is given by a Tabular or
Control Function, defined by ITPLSC (word 4 below).

- if IVLLSC=0 and ITPLSC=0 then the fluid temperature is set to
300 K.

Acceptable range: must be a valid reference number of a Tabular, or a

Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function defining the fluid temperature
at the left surface for convective heat transfer. If the value is positive, the
fluid temperature will be defined by the Tabular Function ITPLSC. If it
is negative, it will be defined by the Control Function l1ITPLSC|. The
units of quantity obtained from the Tabular or Control Function are
assumed to be (K). If the obtained value is negative, it will be set to zero.
If ITPLSC+0 and IVLLSC>0 (heat transfer to a Control VVolume), then
the value obtained from Tabular or Control Function will be used with
the weighting factor of FINTSC. The true fluid temperature (from
Control Volume) will be used with the weighting factor of 1.0-FINTSC.
Boiling and condensation models will be disabled by setting CSFLSC to
—1.0 and ICNLSC to —4. In the past the input combination of IPTLSC=0
and IVLLSC>0 was used to perform temperature averaging for heat
exchangers. Currently it is not recommended to use this method. A more
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IQRLSC

INCLSC

elaborate temperature averaging model has been developed, and is

available through input records 325XXX, 326 XXX (see sections 2.3.15

and 2.3.16).

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.

Default value: 0.

Indicator for non-convective heat flux at the left boundary. The heat flux
defined by this pointer is used only on the uncovered part of the SC
(above water level). With this pointer a user can model in a simple way
radiative heat transfer. If the net enclosure thermal radiation model is
used, and this surface is associated with one of the radiating surfaces
(section 2.6.3), then this parameter must not be used. The meaning is as
follows:

IQRLSC>1000:

Simple radiation model between the left SC surface and atmosphere gas
is used to determine the non-convective heat transfer. The grey gas
model is used, atmosphere is assumed to be opaque (the reason for
assuming opaque atmosphere is discussed in Volume 3). The heat flux
is equal to:

q=s(T,)o(Tt -T7)

where ¢(Ty) is the wall emissivity, ¢ is the Stefan-Boltzmann constant,
Tw, Tq are the wall and gas temperatures respectively. The emissivity is
obtained from the Tabular Function number: (IQRLSC — 1000). The
argument for the Tabular Function is the wall surface temperature, (K).

0<IQRLSC<1000:

The heat flux is obtained from the Tabular Function number IQRLSC.
The units of the quantities obtained from the Tabular Function are
assumed to be: (W/m?). Positive heat flux means that the heat is emitted
from the surface.

IQRLSC<O:

The heat flux is obtained from the Control Function number

|IQRLSC|. The units of the quantities obtained from the Control

Function are assumed to be: (W/m?). Positive heat flux means that the

heat is emitted from the surface.

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.

Default value: 0.

Configuration indicator for natural convection. The value is used only
when IVLLSC is positive. The meaning of this variable is as follows:
Rectangular geometry: 0 vertical wall,

-1  horizontal wall facing down,

+1  horizontal wall facing up.
Cylindrical geometry: 0 vertical cylinder,

-1  horizontal cylinder, inside,
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DNCLSC

IFCLSC

+1  horizontal cylinder, outside.
Spherical geometry: -1 sphere, inside,
+1 sphere, outside.
Default values are provided for each geometrical configuration, based
on IGEOSC and IVERSC parameters (section 2.3.1) - see Table 2-6 and
Table 2-7.
Acceptable range: -1, 0, +1.
Default value: RECTANGULAR geometry (IGEOSC=1):
- VERTICAL (IVERSC=0): 0,
- HORIZONTAL down (IVERSC=-1): -1,
- HORIZONTAL up (IVERSC=+1):  +1,
CYLINDRICAL geometry (IGEOSC=2):

- VERTICAL (IVERSC=0): 0,
- HORIZONTAL (IVERSC=+1): -1,
SPHERICAL geometry (IGEOSC=1): 1.

Characteristic dimension for natural convection at the left boundary

surface, (m). The value is used only when IVLLSC is positive. A best

estimate value is provided for each geometrical configuration. Thus the
value need not be entered or may be entered as zero. The value of

DNCLSC should be equal to (see Table 2-6 and Table 2-7): for vertical

plates - height; for horizontal plates - width; for vertical cylinders -

cylinder length; for horizontal cylinders - maximum of length and 2

times the inner diameter; for spheres - inner diameter. Note that the

default value for plates (rectangular geometry) is only appropriate for
the square surfaces.

Acceptable range: 0.0 < DNCLSC < 10%,

Default value: height, given by HGTLSC (Word 2 above). If
HGTLSC is equal to zero (horizontal rectangular
surfaces) then the square root of the surface area,
given by SIZESC (section 2.3.1). The value is
appropriate for square surfaces. Thus for horizontal
rectangular surfaces the default value should not
generally be used. The appropriate value, width,
should be entered.

CYLINDRICAL geometry (IGEOSC=2):

inner diameter, calculated from XO0SC (section
2.3.1).

SPHERICAL geometry (IGEOSC=3):

inner diameter, calculated from XO0SC (section
2.3.1).

Configuration indicator for forced convection, as well as the nucleate
boiling model and the model for critical heat flux calculation. The value
is used only when IVLLSC is positive and no alternative liquid is used.
For the alternative liquid the forced convection correlation is selected by
Word 21 (IHCLSC). The meaning of this variable is as follows:

-1  internal flow, Chen correlation for nucleate boiling, Zuber and
USSR Academy of Science models for critical heat flux
calculations (Zuber for non-flow, USSR A. S. for flow
conditions).
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DFCLSC

IFBLSC

+1  external flow, Rohsenow correlation for nucleate boiling, Zuber
model for critical heat flux calculation.

Default values are provided for each geometrical configuration, based

on IGEOSC (section 2.3.1) - see Table 2-8 and Table 2-9.

Acceptable range: -1, +1.

Default value: -1

Characteristic dimension for forced convection at the left boundary
surface, (m). The value is used only when IVLLSC is positive. A best
estimate value is provided for each geometrical configuration. Thus the
value need not be entered or may be entered as zero. The value of

DFCLSC should be equal to (see Table 2-8 and Table 2-9): for internal

flow - hydraulic diameter; for external flow - width (rectangular wall).

Note that for cylinders and spheres the external flow type, defined by

IFCLSC (see above) is not available. For the internal flow type the

default value is the same as for the external flow type. Therefore for the

internal flow type the default value should not be used. The appropriate
value (hydraulic diameter) should be entered.

Acceptable range: 0.0 < DFCLSC < 10%,

Default value: RECTANGULAR geometry (IGEOSC=1):
HGTLSC (if entered) or square root of the surface
area, given by SIZESC (section 2.3.1). The value is
appropriate for square surfaces. Thus for rectangular
geometry the default value should not generally be
used. The appropriate value should be entered: for
internal flow - hydraulic diameter, for external flow
- width.

CYLINDRICAL geometry (IGEOSC=2):

inner diameter, calculated from XOSC (section
2.3.1).

SPHERICAL geometry (IGEOSC=3):

inner diameter, calculated from XO0SC (section
2.3.1).

Configuration indicator for film boiling. The value is used only when
IVLLSC is positive. The meaning of this variable is as follows:
0 vertical surface,
+1  horizontal cylinder,
-1 horizontal plate, facing down,
+1  horizontal plate, facing up.
Default values are provided for each geometrical configuration, based
on IGEOSC and IVERSC (section 2.3.1) - see Table 2-10 and Table
2-11.
Acceptable range: 1,0, +1.
Default value: RECTANGULAR geometry (IGEOSC=1):
- VERTICAL (IVERSC=0): 0.
- HORIZONTAL down (IVERSC=-1): -1,
- HORIZONTAL up (IVERSC=+1):  +1,
CYLINDRICAL geometry (IGEOSC=2):

- VERTICAL (IVERSC=0): 0,
- HORIZONTAL (IVERSC=%1): +1,
SPHERICAL geometry (IGEOSC=1): +1.
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DFBLSC

ICNLSC

DCNLSC

Characteristic dimension for film boiling at the left boundary surface,
(m). The value is used only when IVLLSC is positive. A best estimate
value is provided for each geometrical configuration. Thus the value
need not be entered or may be entered as zero. The value of DFBLSC
should be equal to (see Table 2-10 and Table 2-11): for vertical walls -
height; for horizontal plates - width; for cylinders and spheres - inner
diameter.
Acceptable range: 0.0 < DFCLSC < 10%,
Default value: RECTANGULAR geometry (IGEOSC=1):
square root of the surface area, given by SIZESC
(section 2.3.1). The value is appropriate for square
surfaces. Thus for rectangular geometry the default
value should not generally be used. The appropriate
value should be entered: for internal flow -
hydraulic diameter, for external flow - width.
CYLINDRICAL geometry (IGEOSC=2):
- VERTICAL (IVERSC = 0):
length, given by SIZESC (section 2.3.1);
- HORIZONTAL (IVERSC = +1):
inner diameter, calculated from XO0SC.
SPHERICAL geometry (IGEOSC=3):
inner diameter, calculated from X0SC.

Configuration indicator for condensation. The value is used only when
IVLLSC is positive. The meaning of this variable is as follows:
<-4 model disabled
-3 condensation on horizontal wall facing up,
—2 condensation on horizontal wall facing down,
-1 condensation inside horizontal tubes,
0 condensation on vertical walls,
+1 condensation on outside surface of horizontal tube.
>+2 condensation on outside surface of horizontal tube bank. ICNLSC
is equal to the number of vertical rows of tubes.
Default values are provided for each geometrical configuration based on
IGEOSC and IVERSC (section 2.3.1) - see Table 2-12 and Table 2-13.
Acceptable range: all integers.
Default value: RECTANGULAR geometry (IGEOSC=1):
- VERTICAL (IVERSC=0): 0;
- HORIZONTAL down (IVERSC=-1): -2;
HORIZONTAL up (IVERSC=+1):  -3;
however, if fins are present

(ITFLSC>0) then: 0;
CYLINDRICAL geometry (IGEOSC=2):
- VERTICAL (IVERSC=0): 0;
- HORIZONTAL (IVERSC=%1): -1;
SPHERICAL geometry (IGEOSC=3): -1.

Characteristic dimension for condensation at the left boundary surface,
(m). The value is used only when IVLLSC is positive. Best estimate
value is provided for each geometrical configuration. Thus the value
need not be entered or may be entered as zero. The value of DCNLSC
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CSFLSC

should be equal to (see Table 2-12 and Table 2-13): for vertical walls
(or cylinders) - wall height; inside horizontal tubes - inner diameter;
outside surface of horizontal tubes or tube banks - outer diameter;
horizontal walls facing up - maximum film thickness (equilibrium
thickness of water layer with free fall of liquid at the edges of the wall).
The condensation type is defined by ICNLSC (word 12).

In case of vertical walls the user may wish divide the total wall into a
certain number of segments, modelled by separate conductors. Thus the
conductors are stacked one over the other. To take into account the
behavior of the condensate film in this case the characteristic dimension
of the conductor number k in the stack (counting from the top) should
be defined as follows:

DCNLSC(k) — ( ZBOZT (k)(k) : iTOP E:g ]

where: Zeot(K) distance from the bottom of the conductor k
to the top of the stack, (m),
Zror(K) distance from the top of the conductor k to

the top of the stack, (m).

If the height of each conductor in the stack is identical then the above
formula reduces to:

DCNLSC (k) = (k** — (k —1)*/* }' %

where: H - total height of the wall, (m),
N - number of conductors in the stack.

The ratio: (H/N) is the height of a single conductor in the stack. Note that
only for k=1 DCNLSC is equal to the physical height of the conductor,
(H/N). For k>1 DCNLSC is greater than (H/N). For k=N DCNLSC is
always greater than the total wall height, H.

Acceptable range: 0.0 < DCNLSC < 10%,

Default value: height, given by HGTLSC (Word 2 above). For

horizontal walls facing up the default value is 102

The constant C in the Rohsenow equation for nucleate boiling (see
Volume 1). The values of Cs for different surfaces are given in the Table
2-3. Entering a negative value will disable the full boiling model.
Acceptable range: all reals.

Default value: 0.013.
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Table 2-3 Values of Cs for Rohsenow correlation.

Surface type Cst Surface type Cst
Nickel 0.0060 Platinum 0.0130
Ground and polished stainless steel 0.0080 Brass 0.0060
Teflon pitted stainless steel 0.0058 Polished copper 0.0128
Chemically etched stainless steel 0.0133 Lapped copper 0.0147
Mechanically polished stainless steel 0.0132 Scored copper 0.0068
W-15 () : MCFLSC Critical heat flux model selection. The value is used only when IVLLSC
>0.
1 Zuber pool boiling correlation with lvey-Morris correction for
subcooling.
2 Combination of model based on USSR Academy of Sciences
CHF look-up tables for high flow, with Zuber and Ivey-Morris
for low flow.
3 Combination of Biasi correlation for high flow, with Zuber and
Ivey-Morris for low flow.
4 Groeneveld (1986) look-up tables.
<0 CHF is calculated by a user-defined Control Function with the
number | MCFLSC | .
Acceptable range: 1, 2, 3 or reference to a Control Function
Default value: 2.
W-16 (1) : MNCLSC Selection of model for the influence of non-condensable gases for

W-17 (R):  CFDLSC

146

condensation. The value is used only when IVLLSC is positive and

ICNLSC is greater than —4. The meaning of this variable is as follows:

1 Kuhn-Shrock-Petersen (KSP) correlations - recommended for
condensation on the inside surface of tubes,

2 Ogg correlations,

3 Modified Ogg correlations - recommended for condensation on
the outside surface of tubes, plates, etc.

Default values are provided - see Table 2-14 and Table 2-15.

Acceptable range: 1,2, 3.

Default value: 3.

Indicator of condensate film drainage behaviour.

If the value is positive then CFDLSC is the height of the left SC surface.
The elevation of the lowermost point of this surface is equal to the
elevation of its center point, minus CFDLSC/2.0. The drainage from this
surface is either deposited in the pool of a CV (if the lowest point of the
surface is immersed in pool), or converted to droplets and suspended in
the atmosphere of a CV as "rain" drops (if the lowest point of the surface
is not immersed in the pool).

If the value is negative then the drainage is assumed to be deposited on
a surface of other (lower) Solid Conductor. The absolute value of
CFDLSC must then be equal to the number of SC at the bottom of the
stack.

The use of the drainage parameter, CFDLSC, and the condensation
characteristic dimension, DCNLSC, in case of individual and stacked
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conductors is illustrated in Figure 2-14 (see also Volume 3). The length
of all conductors is assumed to be 0.5 m. Appropriate values of
DCNLSC and CFDLSC are shown in Table 2-4.

Acceptable range: if CFDLSC<0.0 then the left surface of SC No.

Default value:

@
£
&
z

Case (B)

SC-001

0.5m

[eng
SC-003({SC-002

CV-001
SC-005|SC-004|SC-003|SC-002|SC-001
(=g
CV-001

SC-005|SC-004

|CFDLSC| must be connected to a Control
Volume (not necessarily equal to IVLLSC),

if CFDLSC>0.0 then the bottom elevation of the left
surface (center point elevation minus CFDLSC/2.0)
must be within the boundary Control VVolume.

the default value is set to twice the distance between
the center point of the left surface and the bottom of
the boundary Control Volume. That value will result
in deposition of condensate always in the pool. This
is done to avoid numerical problems, and time step
reduction, when condensate is converted into
droplets.

Figure 2-14 Condensation example cases (A) and (B).

Table 2-4 Values of DCNLSC and CFDLSC for the example cases (A) and (B).
Case (A) Case (B)
SC DCNLSC CFDLSC DCNLSC CFDLSC

1 0.5-(154 — 054)* = 0.50 5.0 0.50 0.5

2 0.5-(254 — 154 = 1.81 -5.0 0.5-(154 — 0%4)* = 0.50 -3.0

3 0.5-(3%* — 25y = 3.04 -5.0 0.5-(25* — 15%)4 = 1.81 0.5

4 0.5,(45/4 _ 35/4)4 =4.26 -5.0 0_5‘(15/4 _ 05/4)4 =050 -5.0

> 0.5-(5% — 45" = 548 0.5 0.5-(25% — 154 = 1.81 05
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IHDLSC

THTLSC

XRBLSC

IHCLSC

Indicator of CV flow direction relative to the left SC surface. Used only
for rectangular (IGEOSC=1) SC's. The meaning is:

For vertical SC's (IVERSC=0):

0:  CV horizontal flow is parallel, Vsc = (Vevyer+Vevnor?) Y2,
1: CV horizontal flow is perpendicular, Vsc = Vecvyer.

For horizontal SC's (IVERSC<>0):

0: CV vertical flow is parallel, Vsc = (Vevyer+Vevnor?) Y2,
1: CV vertical flow is perpendicular, Vsc = Vever
Acceptable range: 0<IHDLSC<1.

Default value: 0.

Contact angle, 0, (degree). Used to determine the diameter of bubbles
created during nucleate boiling: D = 0.0208-0-(¢/2/(piiq—pgas) ).
Acceptable range: 10° < THTLSC < 180°.

Default value: 96° .

Multiplier for convective heat transfer, Xgs.
XRBLSC<0.0: HTC is multiplied by [ XRBLSC]| in both natural and
force convection. It may be used to obtain a conservative estimation of
heat transfer.
XRBLSC>0.0: HTC is multiplied by XRBLSC only in case of turbulent
forced convection (FC-TUR), internal flow (IFCLSC = -1). It is
intended to allow the user to define a rod bundle multiplier in forced
convection:

Nu,,, = Xz 0.023 Re®® Pr*

tur

Appropriate values for parallel flow and cross-flow may be found in
literature. The ratio of pitch over diameter is a good approximation (see
Volume 1, description of forced convection correlations):

Xepg=PI/D
For tube arrangements other than equilateral triangle pitch, the multiplier
is given by:

Note that the rod bundle multiplier may be different for different fluids.
For example, for the liquid metals the value may even show different
tendency (see Volume 1, description of liquid metals correlations):

X o5 =1—exp[-3.8-(P/D-1)]

Acceptable range: 0.0 <|XRBLSC| < 10°
Default value: XRBLHT
(global activator, defined in the record 810020)

Selection of heat transfer correlation for alternative fluid.

Acceptable range: one of the correlations defined in records 843XXX
or 843YYY

Default value: rectangular: 1, cylindrical: 2, spherical: 3.
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Right (Outside) Side Boundary Conditions

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999, The Solid Heat Conductor
reference numbers, XXX, need not be consecutive. The maximum number of 1-D Solid Heat
Conductors is 550 (999 in LINUX version).

W-1 (1) :

W-2 (R):

IVLRSC

HGTRSC

Control Volume number for convective heat transfer. The value
specifies the Control Volume, which is associated with the right
(outside) boundary surface. If zero is entered then the right surface is
either insulated, or the convective heat transfer coefficient and fluid
temperature are specified by Tabular or Control Functions (defined by
words 3 and 4 below). If IVLRSC>0 then heat is transferred to/from the
CV using the standard heat and mass transfer package (Volume 1). It is
also possible to overrule the use of the standard heat and mass transfer
package, and use a Tabular or Control Function (defined by word 3
below) to determine the heat transfer coefficient. Also the fluid
temperature can be altered by a Tabular or a Control Function, by using
the Word 4 below. In such case the value obtained from the Tabular or
Control Function will be taken with weighting factor of 0.5, and the true
(Control Volume) fluid temperature will be taken with the weighting
factor of 0.5. If the heat transfer coefficient or the fluid temperature are
defined by Tabular or Control Functions, then only heat transfer will
occur on the surface, mass transfer (boiling/condensation) will not be
calculated.

Acceptable range: must be a valid reference number of a Control

Volume, if non-zero.
Default value: 0.

Height of the right surface of the SC (elevation difference between the
uppermost and the lowermost point of the surface). Used only if
IVLRSC > 0. Used to determine pool and atmosphere fractions in case
the surface is partly covered by pool.
Acceptable range: 0 <HGTRSC < 10%.
Default value: RECTANGULAR geometry (IGEOSC=1):
- HORIZONTAL (IVERSC=0): zero.
- VERTICAL (IVERSC=0):
square root of the surface area, given by
SIZESC (sec. 1.3.1). It is appropriate for
square surfaces, thus for a rectangular
geometry the default value should not
generally be used. The appropriate value,
wall height, should be entered.
CYLINDRICAL geometry (IGEOSC=2):
- HORIZONTAL (IVERSC=0):
outer diameter, calculated from X0SC and
CELLSC.
- VERTICAL (IVERSC=0):
cylinder length, given by SIZESC.
SPHERICAL geometry (IGEOSC=3):
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IHTRSC

ITPRSC

IQRRSC

outer diameter, calculated from X0SC and
CELLSC.

Pointer to a Tabular or Control Function defining the convective heat

transfer coefficient (HTC) at the right surface. If zero then the HTC is

calculated by the code for the thermal-hydraulic conditions taken from

the volume IVLRSC (Word 1). If the value is positive, HTC will be

defined by the Tabular Function IHTRSC. If it is negative, it will be

defined by the Control Function | IHTRSC | . The units of the quantities

obtained from the Tabular or Control Function are assumed to be

(W/m?#K). If the obtained value is negative, it will be set to zero. Note

that if IHTRSC=0 then the fluid temperature, needed to calculate the

boundary heat flux, is taken as:

- if IVLRSC>0 then the fluid temperature in Control Volume
IVLRSC is used.

- if ITPRSC#0 then the fluid temperature is given by a Tabular or
Control Function, defined by ITPRSC (word 4 below).

- if IVLRSC=0 and ITPRSC=0 then the fluid temperature is set to
300 K.

Acceptable range: must be a valid reference number of a Tabular, or a

Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function defining the fluid temperature
at the right surface for convective heat transfer. If the value is positive,
the fluid temperature will be defined by the Tabular Function ITPRSC.
If it is negative, it will be defined by the Control Function | ITPRSC .
The units of quantity obtained from the Tabular or Control Function are
assumed to be (K). If the obtained value is negative, it will be set to zero.
If ITPRSC=0 and IVLRSC>0 (heat transfer to a Control Volume), then
the value obtained from Tabular or Control Function will be used with
the weighting factor of FINTSC. The true fluid temperature (from
Control Volume) will be used with the weighting factor of 1.0-FINTSC.
Boiling and condensation models will be disabled by setting CSFRSC
to —1.0 and ICNRSC to —4. In the past the input combination of
IPTLSC+0 and IVLLSC>0 was used to perform temperature averaging
for heat exchangers. Currently it is not recommended to use this method.
A more elaborate temperature averaging model has been developed, and
is available through input records 325XXX, 326XXX (see sections
2.3.15and 2.3.16).

Acceptable range: must be a valid reference number of a Tabular, or a

Control Function, if non-zero.

Default value: 0.

Indicator for non-convective heat flux at the right boundary. The heat
flux defined by this pointer is used only on the uncovered part of the SC
(above water level). With this pointer a user can model in a simple way
radiative heat transfer. If the net enclosure thermal radiation model is
used, and this surface is associated with one of the radiating surfaces
(section 2.6.3), then this parameter must not be used. The meaning is as
follows:
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INCRSC

IQRRSC>1000:

Simple radiation model between the right SC surface and atmosphere
gas is used to determine the non-convective heat transfer. The grey gas
model is used, atmosphere is assumed to be opaque (the reason for
assuming opaque atmosphere is discussed in Volume 3). The heat flux
is equal to:

q=s(T,)o(Tt -T7)

where &(Tw) is the wall emissivity, o is the Stefan-Boltzmann constant,
Tw, Tq are the wall and gas temperatures respectively. The emissivity is
obtained from the Tabular Function number: (IQRRSC-1000). The
argument for the Tabular Function is the wall surface temperature, (K).

0<IQRRSC<1000:

The heat flux is obtained from the Tabular Function number IQRRSC.
The units of the quantities obtained from the Tabular Function are
assumed to be: (W/m?). Positive heat flux means that the heat is emitted
from the surface.

IQRRSC<0:

The heat flux is obtained from the Control Function number

|IQRRSC|. The units of the quantities obtained from the Control

Function are assumed to be: (W/m?). Positive heat flux means that the

heat is emitted from the surface.

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.

Default value: 0.

Configuration indicator for natural convection. The value is used only
when IVLRSC is positive. The meaning of this variable is as follows:
Rectangular geometry: 0 vertical wall,
-1 horizontal wall facing down,
+1 horizontal wall facing up.
Cylindrical geometry: 0 vertical cylinder,
-1 horizontal cylinder, inside,
+1  horizontal cylinder, outside.
Spherical geometry: -1 sphere, inside,
+1  sphere, outside.
Default values are provided for each geometrical configuration, based
on IGEOSC and IVERSC parameters (section 2.3.1) - see Table 2-6 and
Table 2-7.
Acceptable range: -1, 0, +1.
Default value: RECTANGULAR geometry (IGEOSC=1):
- VERTICAL (IVERSC=0): 0,
- HORIZONTAL down (IVERSC=-1): +1,
- HORIZONTAL up (IVERSC=+1): -1,
CYLINDRICAL geometry (IGEOSC=2):
- VERTICAL (IVERSC=0): 0,
- HORIZONTAL (IVERSC=#1): 1,
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however, if fins are present
(ITFRSC=1) then: 0;
SPHERICAL geometry (IGEOSC=1): 1

DNCRSC Characteristic dimension for natural convection at the right boundary

IFCRSC

DFCRSC

surface, (m). The value is used only when IVLRSC is positive. A best

estimate value is provided for each geometrical configuration. Thus the

value need not be entered or may be entered as zero. The value of

DNCRSC should be equal to (see Table 2-6 and Table 2-7): for vertical

plates - height; for horizontal plates - width; for vertical cylinders -

cylinder length; for horizontal cylinders - outer diameter; for spheres -
outer diameter. Note that the default value for plates (rectangular
geometry) is only appropriate for the square walls.

Acceptable range: 0.0 < DNCRSC < 10%.

Default value: height, given by HGTRSC (Word 2 above). If
HGTRSC is equal to zero (horizontal rectangular
surfaces) then the square root of the surface area,
given by SIZESC (section 2.3.1). The value is
appropriate for square surfaces. Thus for horizontal
rectangular surfaces the default value should not
generally be used. The appropriate value, width,
should be entered.

CYLINDRICAL geometry (IGEOSC=2):

outer diameter, calculated from X0SC and CELLSC
(sections 2.3.1 and 2.3.9).

SPHERICAL geometry (IGEOSC=3):

outer diameter, calculated from X0SC and CELLSC
(sections 2.3.1 and 2.3.9).

Configuration indicator for forced convection, as well as the nucleate
boiling model and the model for critical heat flux calculation. The value
is used only when IVLRSC is positive and no alternative liquid is used.
For the alternative liquid the forced convection correlation is selected by
Word 21 (IHCRSC). The meaning of this variable is as follows:

-1 internal flow, Chen correlation for nucleate boiling, Zuber and
USSR Academy of Science models for critical heat flux
calculations (Zuber for non-flow, USSR A. S. for flow
conditions).

+1  external flow, Rohsenow correlation for nucleate boiling, Zuber
model for critical heat flux calculation.

Default values are provided for each geometrical configuration, based

on IGEOSC (section 2.3.1) - see Table 2-8 and Table 2-9.

Acceptable range: —1 <IFCRSC < +1.

Default value: -1.

Characteristic dimension for forced convection at the right boundary
surface, (m). The value is used only when IVLRSC is positive. A best
estimate value is provided for each geometrical configuration. Thus the
value need not be entered or may be entered as zero. The value of
DFCRSC should be equal to (see Table 2-8 and Table 2-9): for internal
flow - hydraulic diameter; for external flow - width (rectangular wall) or
outer diameter (cylinders, spheres). The internal/external flow type is
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IFBRSC

DFBRSC

defined by IFCRSC (see above). For the internal flow type the default
value is the same as for the external flow type. Therefore for the internal
flow type the default value should not be used, but the appropriate value
for DFCRSC should be entered.
Acceptable range: 0.0 < DFCRSC < 10%,
Default value: RECTANGULAR geometry (IGEOSC=1):
HGTRSC (if entered) or square root of the surface
area, given by SIZESC (section 2.3.1).
CYLINDRICAL geometry (IGEOSC=2):
outer diameter, calculated from X0SC and CELLSC
(sections 2.3.1 and 2.3.9).
SPHERICAL geometry (IGEOSC=3):
outer diameter, calculated from X0SC and CELLSC
(sections 2.3.1 and 2.3.9).

Configuration indicator for film boiling. The value is used only when
IVLRSC is positive. The meaning of this variable is as follows:
0  vertical surface,
+1  horizontal cylinder,
-1 horizontal plate, facing down,
+1  horizontal plate, facing up.
Default values are provided for each geometrical configuration, based
on IGEOSC and IVERSC (section 2.3.1) - see Table 2-10 and Table
2-11.
Acceptable range: -1, 0, +1.
Default value: RECTANGULAR geometry (IGEOSC=1):
- VERTICAL (IVERSC=0):
0;  not changeable by user,
- HORIZONTAL down (IVERSC=-1):
-1; not changeable by user,
- HORIZONTAL up (IVERSC=+1):
+1; not changeable by user.
CYLINDRICAL geometry (IGEOSC=2):
- VERTICAL (IVERSC=0):
0;  not changeable by user,
- HORIZONTAL (IVERSC=%1):
1;  not changeable by user,
SPHERICAL geometry (IGEOSC=1):
1;  not changeable by user.

Characteristic dimension for film boiling at the right boundary surface,

(m). The value is used only when IVLRSC is positive. A best estimate

value is provided for each geometrical configuration. Thus the value

need not be entered or may be entered as zero. The value of DFBRSC

should be equal to (see Table 2-10 and Table 2-11): for vertical walls -

height; for horizontal plates - width; for cylinders and spheres - outer

diameter.

Acceptable range: 0.0 < DFCRSC < 10%,

Default value: RECTANGULAR geometry (IGEOSC=1):
HGTRSC (if entered) or square root of the surface
area, given by SIZESC (section 2.3.1).
CYLINDRICAL geometry (IGEOSC=2):

K6223/24.277594 MSt-2402 153



W-12 (1) :

W-13 (R) :

154

SPECTRA Code Manuals - Volume 2: User’s Guide

ICNRSC

DCNRSC

outer diameter, calculated from X0SC and
CELLSC.

SPHERICAL geometry (IGEOSC=3):

outer diameter, calculated from XO0SC and
CELLSC.

Configuration indicator for condensation. The value is used only when
IVLRSC is positive. The meaning of this variable is as follows:
<-4 model disabled
-3 condensation on horizontal wall facing up,
-2 condensation on horizontal wall facing down,
-1 condensation inside horizontal tubes,
0 condensation on vertical walls,
condensation on outside surface of horizontal tube.
+2 condensation on outside surface of horizontal tube bank. The
value of ICNRSC is equal to the number of rows of tubes in
vertical direction.
Default values are provided for each geometrical configuration based on
IGEOSC and IVERSC (section 2.3.1) - see Table 2-12 and Table 2-13.
Acceptable range: all integers.
Default value: RECTANGULAR geometry (IGEOSC=1):
- VERTICAL (IVERSC=0): 0;
- HORIZONTAL down (IVERSC=+1): -2;
HORIZONTAL up (IVERSC=-1): -3;
however, if fins are present

Vo mmnon
+
-

(ITFRSC=1) then: 0;
CYLINDRICAL geometry (IGEOSC=2):
- VERTICAL (IVERSC=0): 0;
- HORIZONTAL (IVERSC=+1): +1;

however, if fins are present

(ITFRSC=1) then: 0;
SPHERICAL geometry (IGEOSC=3): +1.

Characteristic dimension for condensation at the right boundary surface,
(m). The value is used only when IVLRSC is positive. Best estimate
value is provided for each geometrical configuration. Thus the value
need not be entered or may be entered as zero. The value of DCNRSC
should be equal to (see Table 2-12 and Table 2-13): for vertical walls
(or cylinders) - wall height; inside horizontal tubes - inner diameter;
outside surface of horizontal tubes or tube banks - outer diameter;
horizontal walls facing up - maximum film thickness (equilibrium
thickness of water layer with free fall of liquid at the edges of the wall).
The condensation type is defined by ICNRSC (word 12).

In case of vertical walls the user may wish divide the total wall into a
certain number of segments, modelled by separate conductors. Thus the
conductors are stacked one over the other. To take into account the
behavior of the condensate film in this case the characteristic dimension
of the conductor number k in the stack (counting from the top) should
be defined as follows:
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5/4 5/4\*
DCNLSC(k)Z(zBoAk) Z10p (K) ]

where:

W-14 (R):  CSFRSC

Zgor (K) = Z1op (K)

Zgot(K) distance from the bottom of the conductor k to the
top of the stack, (m),
Zror(K) distance from the top of the conductor k to the top

of the stack, (m).

If the height of each conductor in the stack is identical then the above
formula reduces to:

DCNLSC (k) = (k** — (k —1)*/* f' %

where: H - total height of the wall, (m),
N - number of conductors in the stack..

The ratio: (H/N) is the height of a single conductor in the stack.

Note that only for k=1 DCNRSC is equal to the physical height of the

conductor, (H/N). For k>1 DCNRSC is greater than (H/N). For k=N

DCNRSC is always greater than the total wall height, H.

Acceptable range: 0.0 < DCNRSC < 10%.

Default value: height, given by HGTRSC (Word 2 above). For
horizontal walls facing up the default value is equal
to 1073,

The constant C in the Rohsenow equation for nucleate boiling (see
Volume 1). The values of Cg for different surfaces are given in Table
2-5. Entering a negative value will disable the full boiling model.
Acceptable range: all reals.

Default value: 0.013.

Table 2-5 Values of C for Rohsenow correlation.

Surface type Cst Surface type Cst
Nickel 0.0060 Platinum 0.0130
Ground and polished stainless steel 0.0080 Brass 0.0060
Teflon pitted stainless steel 0.0058 Polished copper 0.0128
Chemically etched stainless steel 0.0133 Lapped copper 0.0147
Mechanically polished stainless steel 0.0132 Scored copper 0.0068

W-15 (1) : MCFRSC

Critical heat flux model selection. The value is used only when IVLRSC

> 0.

1 Zuber pool boiling correlation with lvey-Morris correction for
subcooling.

2 Combination of model based on USSR Academy of Sciences
CHF look-up tables for high flow, with Zuber and Ivey-Morris
for low flow.
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MNCRSC

CFDRSC

3 Combination of Biasi correlation for high flow, with Zuber and
Ivey-Morris for low flow.

4 Groeneveld (1986) look-up tables.

<0 CHF is calculated by a user-defined Control Function with the
number | MCFRSC| .

Acceptable range: 1, 2, 3 or reference to a Control Function

Default value: 2.

Selection of model for the influence of noncondensable gases for

condensation. The value is used only when IVLRSC is positive and

ICNRSC is greater than —4. The meaning of this variable is as follows:

1 Kuhn-Shrock-Petersen (KSP) correlations - recommended for
condensation on the inside surface of tubes,

2 Ogg correlations,

3 Modified Ogg correlations - recommended for condensation on
the outside surface of tubes, plates, etc.

Default values are provided - see Table 2-14 and Table 2-15).

Acceptable range: 1,2,3.

Default value: 3.

Indicator of condensate film drainage behavior.

If the value is positive then CFDRSC is the height of the right SC

surface. The elevation of the lowermost point of this surface is equal to

the elevation of its center point, minus CFDRSC/2.0.

The drainage from this surface is either deposited in the pool of a CV (if

the lowest point of the surface is immersed in pool), or converted to

droplets and suspended in the atmosphere of a CV as "rain" drops (if the
lowest point of the surface is not immersed in the pool).

If the value is negative then the drainage is assumed to be deposited on

a surface of other (lower) Solid Conductor. The absolute value of

CFDRSC must then be equal to the number of SC at the bottom of the

stack.

The use of the drainage parameter, CFDRSC, and the condensation

characteristic dimension, DCNRSC, on the right surface of SC is the

same as for the left surface of SC. The use of DCNRSC and CFDRSC

in case of individual and stacked conductors is illustrated in Figure 2-14

and Table 2-4, section 2.3.11.

Acceptable range: if CFDRSC<0.0 then the right surface of SC No.
|CFDRSC| must be connected to a Control
Volume (not necessarily equal to IVLRSC),
if CFDRSC>0.0 then the bottom elevation of the
right surface (centre point elevation, minus
CFDRSC/2.0) must be within the boundary Control
Volume.

Default value: the default value is set to twice the distance between
the centre point of the right surface and the bottom
of the boundary Control VVolume. That value will
result in deposition of condensate always in the
pool. This is done to avoid numerical problems, and
time step reduction, when condensate is converted
into droplets. The most realistic treatment (although
typically more time consuming) is obtained by
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IHDRSC

THTRSC

XRBRSC

setting CFDRSC equal to the physical height of the
right surface. The influence of the value of
CFDRSC on the results is, in practical cases,
negligible.

Indicator of CV flow direction relative to the right SC surface. Used only
for rectangular (IGEOSC=1) SC's. The meaning is:

For vertical SC's (IVERSC=0):

0:  CV horizontal flow is parallel, Vsc = (Vevyer?+Vevnor) Y2,
1 CV horizontal flow is perpendicular, Vsc = Vcvyer.

For horizontal SC's (IVERSC<>0):

0:  CV vertical flow is parallel, Vsc = (Vevyer?+Vevnor?) Y2,
1 CV vertical flow is perpendicular, Vsc = Vever
Acceptable range: 0<IHDRSC<1.

Default value: 0.

Contact angle, 0, (degree). Used to determine diameter of bubbles
created during nucleate boiling: D = 0.0208-0-(¢/g/(pii¢-pgas) ).
Acceptable range: 10° < THTRSC < 180°.

Default value: 96° .

Multiplier for convective heat transfer, Xge.

XRBRSC<0.0: HTC is multiplied by [ XRBRSC| in both natural and
force convection. It may be used to obtain a conservative estimation of
heat transfer.

XRBRSC>0.0: HTC is multiplied by XRBRSC only in case of turbulent
forced convection (FC-TUR), internal flow (IFCRSC = -1). It is
intended to allow the user to define a rod bundle multiplier in forced
convection:

NU,,, = X g 0.023 Re®® Pro*

tur

Appropriate values for parallel flow and cross-flow may be found in
literature. The ratio of pitch over diameter is a good approximation (see
Volume 1, description of forced convection correlations):

Xoe=P/D

For tube arrangements other than equilateral triangle pitch, the multiplier
is given by:

P-P
ey

Note that the rod bundle multiplier may be different for different fluids.
For example, for the liquid metals the value may even show different
tendency (see Volume 1, description of liquid metals correlations):

X pg =1-exp[-3.8-(P/D-1)]
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Acceptable range: 0.0 <|XRBRSC| < 10°
Default value: XRBRHT
(global activator, defined in the record 810020)

W-21 (1) : IHCRSC  Selection of heat transfer correlation for alternative fluid.
Acceptable range: one of the correlations defined in records 843 XXX
or 843YYY
Default value: rectangular: 1, cylindrical: 2, spherical: 3.
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Table 2-6 Natural convection - input options, characteristic dimensions, equations.

IVE- Rectangular Cylindrical Spherical
RSC Left Right Left Right Left Right
0 INCLSC: 0 INCRSC: 0 INCLSC: 0 INCRSC: 0 INCLSC: -1 | INCRSC: +1
DNCLSC: H DNCRSC: H DNCLSC: L DNCRSC: L DNCLSC: D DNCRSC: D
Eq. Set: (1) | Eq. Set: (1) | Eq. Set: 1) Eq. Set: (1) | Eq. Set: (6) | Eq. Set: (6)
alternative: alternative: alternative: alternative: no alternative: no alternative:
INCLSC: =#0 INCLSC: =#0 INCLSC: #0 INCLSC: #0
-1 INCLSC: -1 INCRSC: +1 | INCLSC: -1 INCRSC: +1
DNCLSC: W | DNCRSC: W | DNCLSC:L<2D | DNCRSC: D
Eq. Set: Eq. Set: Eq. Set: (@) Eq. Set: 5)
-ifT>Te () | -if Tw>Te (2)
SifTu<T:  (2) | -if Tu<T: (3) | alternative: alternative:
+1 INCLSC: +1 | INCRSC: -1 | INCLSC: =#-1 INCLSC: =#+1
DNCLSC: W DNCRSC: W
Eq. Set: Eq. Set:
-ifTW>Te (2 | -if Tw>Te (3)
SifTu<Te Q) | -if Tu<T: (2
H-height, W -width, L-length, D -diameter.

Table 2-7 Natural convection correlations (for (Gr Pr)<10* the "recommended curves" - see
Volume 1 - are used).

Geometry Open for natural circulation® Closed for natural circulation® (enclosures)
Vertical plate Source: McAdams, Holman N/A
Ch. Dim.:  height, H
Correl.: Nu = 0.59-(Gr-Pr)*
Nu = 0.10-(Gr-Pr)*®
Set No.: 1)
Horizontal plate Source: McAdams Source: McAdams
Ch. Dim.:  width, W Ch. Dim.:  width, W
Correl.: Nu = 0.54-(Gr-Pr)¥* Correl.: Nu = 0.27-(Gr-Pr)¥
Nu = 0.14-(Gr-Pr)?
Set No.: 2) Set No.: 3)
Vertical cylinder Source: McAdams, Holman Source: Holman
Ch. Dim.:  length, L Ch.Dim.:  length, L <2D
Correl.: Nu = 0.59-(Gr-Pr)¥* Correl.: Nu = 0.55-(Gr-Pr)¥
Nu = 0.10-(Gr-Pr)*®
Set No.: 1) Set No.: 4
Horizontal cylinder | Source: McAdams, Holman Source: Holman
Ch. Dim.:  diameter, D Ch. Dim.:  diameter, D
Correl.: Nu = 0.53-(Gr-Pr)¥4 Correl.: Nu = 0.55-(Gr-Pr)*4
Nu = 0.13-(Gr-Pr)*®
Set No.: (5) Set No.: 4)
Sphere Source: Holman Source: Holman
Ch. Dim.:  diameter, D Ch. Dim.:  diameter, D
Correl.: Nu = 2+0.43-(Gr-Pr)¥* Correl.: Nu = 2+0.43-(Gr-Pr)¥*
Set No.: (6) Set No.: (6)

References are: Holman [9], McAdams [18].

*)

The meaning of "Open" and "Closed" is as follows:

- Horizontal plates Open:

- Cylinders

- Spheres

Closed:
Open:
Closed:
Open:
Closed:
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hot surface facing upwards or cold surface facing downwards.
cold surface facing upwards or hot surface facing downwards.
large vertical cylinders, outer surface of horizontal cylinders that are not enclosed by other surfaces
inner surface of small cylinders, horizontal cylinders enclosed by other surfaces
large spheres, outer surface of spheres that are not enclosed by other surfaces
inner surface of small spheres, sphere surfaces enclosed by other surfaces

159



SPECTRA Code Manuals - Volume 2: User’s Guide

Table 2-8 Forced convection - input options, characteristic dimensions, equations.

Rectangular Cylindrical Spherical
Left Right Left Right Left Right
IFCLSC: -1 IFCRSC: -1 IFCLSC: -1 IFCRSC: -1 IFCLSC: -1 IFCRSC: -1
DFCLSC: Dhyq DFCRSC: Dpyg | DFCLSC: Dpg | DFCRSC: Dpnyg | DFCLSC: Dpy DFCRSC: Dpy
Eq. Set: 1) Eq. Set: 1) Eq. Set: ()] Eq. Set: 1) Eq. Set: ()] Eq. Set: 1)
alternative: alternative: alternative: alternative: alternative: alternative:
IFCLSC: +1 IFCLSC: +1 IFCLSC: +1 IFCRSC: +1 IFCLSC: +1 IFCRSC: +1
DFCLSC: W DFCLSC: W DFCLSC: D DFCRSC: D DFCLSC: D DFCRSC: D
Eq. Set: (2) Eq. Set: (2) Eq. Set: (2) Eq. Set: (2) Eq. Set: 3) Eq. Set: 3)
W -width, Dyyg - hydraulic diameter.
Table 2-9 Forced convection correlations.
Geometry Internal flow External flow
Rectangular Source :  Rohsenow Source :  Holman
Ch.Dim.: hydraulic diameter, Dpyq Ch.Dim.: width, W
Correl.:  Nu=3.656 Correl.:  Nu = (0.35+0.56 Re®%?) Pr03
Nu = 0.023 Re%® Pro4 Nu = 0.037 Re%® Pr¥?
SetNo.: (1) SetNo.: (2
Cylindrical Source:  Rohsenow Source: Holman
Ch.Dim.: hydraulic diameter, Dpyq Ch.Dim.: diameter, D
Correl.:  Nu=3.656 Correl.:  Nu = (0.35+0.56 Re®%?) Pr03
Nu = 0.023 Re®® pro4 Nu = 0.037 Re%8 pri?
SetNo.: (1) SetNo.. (2)
Spherical Source:  Rohsenow Source: Holman
Ch.Dim.: hydraulic diameter, Dpyq Ch.Dim.: diameter, D
Correl.:  Nu=3.656 Correl.:  Nu=2+ (0.4 Re% +Pro3
Nu = 0.023 Re®8 pro4 +0.06 Re??) Pri?
SetNo.: (1) SetNo.: (3)

References: Holman [9], Rohsenow [14].
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Table 2-10 Film boiling - input options, characteristic dimensions, equations.

IVE- Rectangular Cylindrical Spherical
RSC Left Right Left Right Left Right
0 IFBLSC: 0 IFBRSC: 0 IFBLSC: 0 IFBRSC: 0 IFBLSC: 0, IFBRSC: 0,
DFBLSC: H DFBRSC: H DFBLSC: L DFBRSC: L +1 +1
Eq. Set: 1) | Eqg. Set: (1) | Eq. Set: (1) | Eq. Set: (1) | DFBLSC: D DFBRSC: D
Eq. Set: (4) | Eq. Set: 4
alternative: alternative: alternative: alternative:
IFBLSC # 0 IFBLSC #0 IFBLSC #0 IFBLSC # 0 no alternative no alternative
-1 IFBLSC: -1 IFBRSC: +1 | IFBLSC: +1 IFBRSC: %1
DFBLSC: W DFBRSC: cw | DFBLSC: D DFBRSC: D
Eq. Set: 3) | Eq. Set: (2) | Eq. Set: (4) | Eq. Set: 4)
alternative: alternative: alternative: alternative:
IFBLSC = -1 IFBLSC = +1 IFBLSC =0 IFBLSC =0
+1 IFBLSC: +1 IFBRSC: -1
DFBLSC: cw DFBRSC: W
Eq. Set: (2) | Eq. Set: ?3)
alternative: alternative:
IFBLSC = +1 IFBLSC = -1
H-height, W -width, L-length, D -diameter, cw - critical wavelength, cw = (o/g(pr-pe)“? (calculated internally by the code).

Except for the spherical geometry, the user can select the film boiling correlation by changing the default value of IFBLSC / IFBRSC.
For example, in case of rectangular geometry, IGEOSC = 1, horizontal, left side down structure, IVERSC= -1, the default value on the
film boiling indicator on the left surface is IFBLSC = —1 (downwards surface). The user can change it to O (vertical) or even +1 (upwards
surface), thus activating the appropriate correlations. There should be however a clear reason to change the default settings for the film

boiling model.

Table 2-11 Film boiling correlations.

Geometry Correlation Geometry Correlation

Vertical walls Correl.:  Bromley Vertical cylinders Correl.:  Bromley
Const.: C=0.625 Const.: C=0.625
Ch.dim.: Dy = height, H Ch.dim.: D, =height, H
Eq.No.: (1) Eq.No.: (1)

Horizontal walls, Correl.: Berenson Horizontal cylinders Correl.:  Bromley

facing up Const.: C=0.425 Const.: C=0.620
Ch.dim.: Do = (o/g(piig—Puap) )2 Ch.dim.: Do = diameter
Eq.No.: (2 Eq.No.: (4)

Horizontal walls, Correl.: Berenson Spheres Correl.:  Bromley

facing down Const.: C=0.425 Const.: C=0.620
Ch.dim.: Do = width, W Ch.dim.: Do = diameter
Eq.No.: (3) Eq.No.: (4)

References: Bromley [19], Berenson [20].

The table above gives the value of the constant C, and the characteristic dimension D, in the general film boiling correlation:
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h:c(

k\?appvapg(pliq - pvap)(hl—v +0.4c

nvap DO ATsat

0.25
p,vapATsat }
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Table 2-12 Pure steam condensation - input options, characteristic dimensions, equations.

IVERSC Rectangular Cylindrical Spherical
Left Right Left Right Left Right
0 ICNLSC: 0 ICNRSC: 0 ICNLSC: 0 ICNRSC: 0 ICNLSC: -1 ICNRSC: -1
DCNLSC: H DCNRSC: H DCNLSC: L DCNRSC: L DCNLSC: D DCNRSC: D
Eq. No. (1) | Eg. No. (1) | Eg. No. (1) | Eg. No. (1) | Eg. No. (2) | Eg. No. )
alternative: alternative: alternative: alternative: alternative: alternative:
ICNLSC #0 ICNRSC #0 ICNLSC #0 ICNRSC #0 ICNLSC #-1 ICNRSC = -1
-1 ICNLSC: -2 ICNRSC: -3 | ICNLSC: -1 ICNRSC: -1
DCNLSC: cw | DCNRSC: & DCNLSC: D DCNRSC: D
Eq. No. 4) Eqg. No. (5) | Eg. No. 2) Eqg. No. )
alternative: alternative: alternative: alternative:
ICNLSC # -2 ICNRSC = -3 ICNLSC = -1 ICNRSC # -1
+1 ICNLSC: -3 ICNRSC: -2
DCNLSC: & DCNRSC: cw
Eq. No. (5) | Eq. No. 4)
alternative: alternative:
ICNLSC #-2 ICNRSC # -2
H-height, W -width, L-length, D -diameter, cw - critical wavelength, cw = (o/g(pr-py)*? (calculated internally by the code).

Table 2-13 Pure steam condensation correlations.

Configuration Correlation

Vertical walls and cylinders Source :  Nusselt,
Ch.Dim.: wall height, H
Correl.:  0.943 (g piiq ( piig — Poas ) Kiig Niov / H i ATear.)°?
Eg. No.: (1)

Inside tubes Source :  Nusselt, Chato,

Ch.Dim.: inner diameter, D
Correl.: 0.555 (gp"q (p“q — Pyas ) k3|iq h|.v /D Nig ATsa[_)O‘ZS (l+9°/100)
Eg.No.. (2

Outside tubes and tube banks | Source:  Nusselt,
Ch.Dim.: outer diameter, D
Correl.: 0728 (g piiq ( piig — Paas ) i Niv / Neow D 1iq AT )*®
Eg. No.:  (3)

Horizontal walls, facing down | Source:  Gerstmann and Griffith,
Ch.Dim.: not used
Correl.:  Kig/Dx0.9 16/ (1+1.11%) where Dy is the critical wavelength
Egq.No.. (4

Horizontal walls, facing up Source:  Maximum film thickness concept

Ch.Dim.:  Maximum film thickness, 0
Correl.:  kiq/d
Eg. No.:  (5)

References: Nusselt [23], Chato [21], Gerstmann and Griffith [22].
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Table 2-14 Non-condensable degradation factor - input options, equations.

Rectangular Cylindrical Vertical
Left Right Left Right Left Right
MCNLSC: 3 MCNRSC: 3 MCNLSC: 3 MCNRSC: 3 MCNLSC: 3 MCNRSC: 3
Corr.: Corr.: Corr.: Corr.: Corr.: Corr.:
M.Ogg M.Ogg M.Ogg M.Ogg M.Ogg M.Ogg
Eq. No. ?3) Eq. No. ®3) Eq. No. ?3) Eq. No. ®3) Eq. No. 3) Eq. No. 3)
alternative: alternative: alternative: alternative: alternative: alternative:
MCNLSC: 1 MCNRSC: 1 MCNLSC: 1 MCNRSC: 1 MCNLSC: 1 MCNRSC: 1
Corr.: KSP | Corr.: KSP | Corr.: KSP | Corr.: KSP | Corr.: KSP | Corr.: KSP
Eq. No.: Q) Eg. No.: 1) Eq. No.: @) Eq. No.: @) Eqg. No.: @) Eq. No.: @)
MNCLSC: 2 MNCRSC: 2 MNCLSC: 2 MNCRSC: 2 MNCLSC: 2 MNCRSC: 2
Corr.: Ogg | Corr.: Ogg | Corr.: Ogg | Corr.: Ogg | Corr.: Ogg | Corr.: Ogg
Eg. No.: (2) Eq. No.: (2 Eg. No.: (2) Eg. No.: (2) Eg. No.: (2) Eg. No.: (2)
Table 2-15 Non-condensable degradation factor correlations.
Model
Kuhn-Shrock-Petersen Source : KSP (inside tube condensation)
Correl.: steam-air: fye=1-2.601 X%  for X, <0.10
1 — X029 for X, >0.10
steam-He: fyc=1—35.81 Xpe1%  for Xpe < 0.01
1-2.09 XHEO'AE7 for Kpe < 0.10
1 — Xy for Xy > 0.10
Set No.: (1)
Ogg Source : Ogg (outside wall condensation)
Correl.: steam-air: fyc=1-1.165X,>%®  for X, <0.30
1-0.905 X% for X, <0.90
1-X, for X, >0.90
steam-He: fye=1—1.590 X;,c>?°  for Xpe < 0.11
1—1.865 Xpe>?*  for Xy < 0.86
1—Xhe for Xy > 0.86
Set No.: (2)
Modified Ogg Source : Modified Ogg (outside wall condensation)
Correl.: steam-air: fye=1-1.165 X,>%®  for X, <0.30
0.21-0.21 X, for X, <0.30
steam-He: fyc=1 —1.590 Xn>?®  for Xue < 0.12
0.16 —0.16 Xpe  for Xye > 0.12
Set No.: (3)

References: KSP [24], Ogg [25], Modified Ogg [25], [26].
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2.3.13 Records: 323XXX, Left Side Extended Surface Data

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. It should be noted that if a

Solid Conductor is used to represent a wall with

fins or spines then the cell data (records 310XXX)

should represent only the wall, and not the fins/spines. Fins/spines are accounted for in calculations
using a simplified method, based on theoretical temperature profiles inside fins/spines. Those profiles
are appropriate for steady-state conditions (see Volume 1).

W-1(1): ITFLSC  Type of extended surface:
1: fins (Figure 2-15 a, b),
2: spines (Figure 2-15 c).

Acceptable range:

Default value:

0, 1, 2. Fins are allowed only if IGEOSC =1 or 2
(rectangular or cylindrical). If fins are used on the
left surface of a cylindrical SC, then the rectangular
fin model (Figure 2-15 a) is used. This means the
inner radius of the cylinder is assumed to be large
compared to the fin size. Spines can be used with all
geometries. For cylindrical and spherical
geometries it is assumed that the surface radius of
curvature is large compared to the spine length. Fins
and spines can be used only if IVLLSC > 0.

0 (no extended surface model).

W-2 (R): THFLSC  Half thickness of fin/spine, (m). THFLSC is denoted in Figure 2-15 as: t.
Acceptable range: 0.0 <THFLSC<1.0.
Default value: none.
(a) Rectangular fins (b) Cylindrical fins (c) Spines
Ahqsf fin
Abas&n

5—A]m~:—""’

I]]]]]] Wall (represented by SC cells).

EI @ Extended surfaces (not represented by SC cells)

Figure 2-15 Fins and spines.
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1.128-a..,, rectangular lattice
A=
1.050-a_.,., hexagonal lattice
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XLFLSC

DDFLSC

TCFLSC

DNFLSC

Length of fin/spine, (m). XLFLSC is denoted in Figure 2-15 as: L.

Acceptable range: 107°< XLFLSC <10.0. In case of fins on cylinders
and spines on cylinders and spheres, the length
cannot be greater than 90% of the inner radius
XLFLSC < X0SC x 0.90.

Default value: none.

Effective distance between fin/spines, (m). DDFLSC is denoted in
Figure 2-15 as: A. In case of fins A is equal to the distance between the
fin centers - Figure 2-15 (a). In case of spines A is equal to the diameter
of a circle which has the same area as the area associated with a single
spine - Figure 2-15 (c). If the spines are arranged in a square lattice, then
the surface area associated with a single spine is equal to: a’cente, Where
acentre 1S the distance between the centers of two neighboring spines. The
effective distance, A, is obtained from: m-A%/4=acente. THUS:

A = Qcentre-2/ T2 = 1.128-acentre.

In case of hexagonal spines arrangement the effective distance is equal
to:

A= Acentre'(z/n)1/2'31/4 = 1.050-acentre.
Acceptable range: 241 <DDFLSC<1.0.
Default value: none.

Thermal conductivity of the fin/spine material, (W/m?K). If a positive

number is entered, the fin conductivity is constant and equal to this value

while the fin heat capacity is neglected. If a negative number is entered,
the absolute value is the reference number of the fin material.

Acceptable range: TCFLSC < 10' . Must be a valid reference to an
existing material, if less than zero.

Default value: reference number of the boundary cell material. If
the fin material is different from the boundary cell
material then those materials must have the same or
similar heat capacities.

Characteristic dimension for natural convection, (m). When the
extended surface model is activated, then the characteristic dimension
for the left surface natural convection (DNCLSC, entered in the record
321XXX - section 2.3.11), is overwritten by this value.
Acceptable range: the same as for DNCLSC:
0.0 < DNFLSC < 10%
Note! This input entry is only used to overwrite the
value of DNCLSC for this surface. Further
diagnostics is performed for DNCLSC. Thus if an
unacceptable value is entered for DNFLSC then the
diagnostics output will point out that DNCLSC is
out of the permitted range.
Default value: length of the fin/spine: L.
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DFFLSC

DBFLSC

DMFLSC

Characteristic dimension for forced convection, (m). When the extended
surface model is activated, then the characteristic dimension for the left
surface forced convection (DFCLSC, entered in the record 321XXX -
section 2.3.11), is overwritten by this value.
Acceptable range: the same as for DFCLSC:
0.0 < DFFLSC < 10%,
Note! This input entry is only used to overwrite the
value of DFCLSC for this surface. Further
diagnostics is performed for DFCLSC. Thus if an
unacceptable value is entered for DFFLSC then the
diagnostics output will point out that DFCLSC is
out of the permitted range.
Default value: effective distance between fins/spines: A.

Characteristic dimension for film boiling, (m). When the extended
surface model is activated, then the characteristic dimension for the left
surface film boiling (DFBLSC, entered in the record 321 XXX - section
2.3.11), is overwritten by this value.
Acceptable range: the same as for DFBLSC:
0.0 < DBFLSC < 10%,
Note! This input entry is only used to overwrite the
value of DFBLSC for this surface. Further
diagnostics is performed for DFBLSC. Thus if an
unacceptable value is entered for DBFLSC then the
diagnostics output will point out that DFBLSC is
out of the permitted range.
Default value: length of the fins/spines: L.

Characteristic dimension for condensation, (m). When the extended
surface model is activated, then the characteristic dimension for the left
surface condensation (DCNLSC, entered in the record 321XXX -
section 2.3.11), is overwritten by this value.
Acceptable range: the same as for DCNLSC:
0.0 < DMFLSC < 10%°,
Note! This input entry is only used to overwrite the
value of DCNLSC for this surface. Further
diagnostics is performed for DCNLSC. Thus if an
unacceptable value is entered for DMFLSC then the
diagnostics output will point out that DCNLSC is
out of the permitted range.
Default value: length of the fins/spines: L.
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2.3.14 Records: 324XXX, Right Side Extended Surface Data

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. It should be noted that if a
Solid Conductor is used to represent a wall with fins or spines then the cell data (records 310XXX)
should represent only the wall, and not the fins/spines. Fins/spines are accounted for in calculations
using a simplified method, based on theoretical temperature profiles inside fins/spines. Those profiles
are appropriate for steady-state conditions (see Volume 1).

W-1 (1) :

W-2 (R) :

W-3(R):

W-4 (R) :

ITFRSC

THFRSC

XLFRSC

DDFRSC

Type of extended surface:

1: fins (Figure 2-15 a, b),

2: spines (Figure 2-15 c).

Acceptable range: 0, 1, 2. Fins are allowed only if IGEOSC =1 or 2
(rectangular or cylindrical). If fins are used on the
right surface of a cylindrical SC, then the cylindrical
fin model (Figure 2-15 b) is used. Spines can be
used with all geometries. For cylindrical and
spherical geometries it is assumed that the surface
radius of curvature is large compared to the spine
length. Fins and spines can be used only if IVLRSC
> 0.

Default value: 0 (no extended surface model).

Half thickness of fin/spine, (m). THFRSC is denoted in Figure 2-15 as: t.
Acceptable range: 0.0<THFRSC<1.0.
Default value: none.

Length of fin/spine, (m). XLFRSC is denoted in Figure 2-15 as: L.
Acceptable range: 107° < XLFRSC <10.0.
Default value: none.

Effective distance between fin/spines, (m). DDFRSC is denoted in
Figure 2-15 as: A. In case of fins A is equal to the distance between the
fin centers - Figure 2-15 (a) and (b). In case of spines A is equal to the
diameter of a circle that has the same area as the area associated with a
single spine - Figure 2-15 (c). If the spines are arranged in a square
lattice, then the surface area associated with a single spine is equal to:
a%cenre, Where acenre i the distance between the centers of two
neighboring spines. The effective distance, A, is obtained from:
T-AY4=a%centre. ThU:

A = 8centre-2/ 2 = 1.128-acentre.

In case of hexagonal spines arrangement the effective distance is equal
to:

A = Acentre'(Z/TC)l/Z‘Sl/A = l.OSO'acentre.
Acceptable range: 2.t<DDFRSC<1.0.
Default value: none.
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TCFRSC

DNFRSC

DFFRSC

Thermal conductivity of the fin/spine material, (W/m?/K). If a positive

number is entered, the fin conductivity is constant and equal to this value

while the fin heat capacity is neglected. If a negative number is entered,
the absolute value is the reference number of the fin material.

Acceptable range: TCFRSC < 10%° . Must be a valid reference to an
existing material, if less than zero.

Default value: reference number of the boundary cell material. If
the fin material is different from the boundary cell
material then those materials must have the same or
similar heat capacities.

Characteristic dimension for natural convection, (m). When the
extended surface model is activated, then the characteristic dimension
for the right surface natural convection (DNCRSC, entered in the record
322XXX - section 2.3.12), is overwritten by this value.
Acceptable range: the same as for DNCRSC:
0.0 < DNFRSC < 10%,
Note! This input entry is only used to overwrite the
value of DNCRSC for this surface. Further
diagnostics is performed for DNCRSC. Thus if an
unacceptable value is entered for DNFRSC then the
diagnostics output will point out that DNCRSC is
out of the permitted range.
Default value: spines and fins for rectangular geometry:
length of the fin/spine: L;
fins for cylindrical geometry:
(m/4)-(Dfin>~Drube?)/Dsin, Where Dube is the outer
diameter of the tube, and Dsin, is the outer diameter
of the fin, equal to: (Duwee + 2-L) - see Figure 2-15.
The formula applied here is the same as that used
typically to determine the characteristic dimension
for condensation [3].

Characteristic dimension for forced convection, (m). When the extended
surface model is activated, then the characteristic dimension for the right
surface forced convection (DFCRSC, entered in the record 322XXX -
section 2.3.12), is overwritten by this value.
Acceptable range: the same as for DFCRSC:
0.0 < DFFRSC < 10%,
Note! This input entry is only used to overwrite the
value of DFCRSC for this surface. Further
diagnostics is performed for DFCRSC. Thus if an
unacceptable value is entered for DFFRSC then the
diagnostics output will point out that DFCRSC is
out of the permitted range.
Default value: effective distance between fins/spines: A.
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W-8 (R): DBFRSC  Characteristic dimension for film boiling, (m). When the extended
surface model is activated, then the characteristic dimension for the right
surface film boiling (DFBRSC, entered in the record 322XXX - section
2.3.12), is overwritten by this value.

Acceptable range: the same as for DFBRSC:

Default value:

0.0 < DBFRSC < 10%°

Note! This input entry is only used to overwrite the
value of DFBRSC for this surface. Further
diagnostics is performed for DFBRSC. Thus if an
unacceptable value is entered for DBFRSC then the
diagnostics output will point out that DFBRSC is
out of the permitted range.

spines and fins for rectangular geometry:

length of the fin/spine: L;

fins for cylindrical geometry:
(1/4)-(Dfin®-Dune?)/Dsin, Where Dupe is the outer
diameter of the tube, and Dsi, is the outer diameter
of the fin, equal to: (Dwre + 2-L) - see Figure 2-15.
The formula applied here is the same as that used
typically to determine the characteristic dimension
for condensation [3].

W-9 (R): DMFRSC Characteristic dimension for condensation, (m). When the extended
surface model is activated, then the characteristic dimension for the right
surface condensation (DCNRSC, entered in the record 322XXX -
section 2.3.12), is overwritten by this value.

Acceptable range: the same as for DCNRSC:

Default value:

K6223/24.277594 MSt-2402

0.0 < DMFRSC < 10%

Note! This input entry is only used to overwrite the
value of DCNRSC for this surface. Further
diagnostics is performed for DCNRSC. Thus if an
unacceptable value is entered for DMFRSC then the
diagnostics output will point out that DCNRSC is
out of the permitted range.

spines and fins for rectangular geometry:

length of the fin/spine: L;

fins for cylindrical geometry [3]:
(m/4)-(Dfin>-Dune?)/Dsin, Where Dupe is the outer
diameter of the tube, and Dsn is the outer diameter
of the fin, equal to: (Dupe + 2-L) - see Figure 2-15.
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2.3.15 Records: 325XXX, Left Side Heat Exchanger Temperature Averaging

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. These records may be used
to model a heat exchanger. If these records are used, then an averaging procedure will be applied to
calculate the representative fluid temperature at the SC surface. The representative fluid temperature
will be equal to the weighted average of the inlet and outlet fluid temperatures. Note that if the
temperature averaging is not used, then the representative fluid temperature is always equal to the fluid
temperature in the boundary volume, which means it is equal to the outlet temperature. As shown in
Volume 3, when the temperature-averaging concept is not used, a large number of nodes (~100) may
be required to obtain accurate results. With the temperature averaging the same accuracy may be
obtained using only a few nodes. An example of the temperature averaging is shown below - see
Figure 2-16 and the corresponding discussion.

W-1 (1) :

W-2 (R) :

W-3 (1) :

W-4 (R) :

170

JTALSC
(1)

WTALSC
(1)

KTALSC
1)

XTALSC
1)

Inlet Junction Data:

Junction reference number of the inlet Junction on the current (left)

side.

Acceptable range: must be a Junction connected to the left boundary
Control Volume (IVVLLSC), if non-zero.

Default value: none.

Limiting mass flow in the inlet Junction JTALSC(1) for full temperatu-
re averaging (WraL in Figure 2-16 (a) ). Applied when there is a flow
through JTALSC(1) into IVLLSC and there is no flow through
KTALSC(1) into IVLRSC - normal flow direction on both left (primary)
and right (secondary) side). The temperature of the fluid entering
through the Junction JTALSC(1) will be used with maximum weighting
factor if the mass flow at the Junction is larger than WTALSC(1) (Wi
> WTALSC(1) ). Generally speaking, WTALSC(1) is a flow for which
the temperature distribution in the left boundary Control Volume is
approximately linear, provided that there is flow in through JTALSC(1)
and there is no flow in through KTALSC(1). Roughly, this number can
be viewed as a nominal flow through the heat exchanger.

Acceptable range: 107 < WTALSC(1) < 10%.

Default value: none.

Junction reference number of the outlet Junction on the other (right)

side.

Acceptable range: must be a Junction connected to the right boundary
Control Volume (IVLRSC), if non-zero.

Default value: none.

Limiting mass flow in the Junction JTALSC(1) for full temperature

averaging (Xa in Figure 2-16 (c) ). Applied when there is flow through
JTALSC(1) into IVLLSC and simultaneously there is flow through
KTALSC(1) into IVLRSC - normal flow direction on the left (primary)
side, reversed right (secondary) side flow. The temperature of the fluid
entering through the Junction JTALSC(1) will be used with maximum
weighting factor if the mass flow at the Junction is larger than
XTALSC(1) (Wsn > XTALSC(1) ). The input entries KTALSC(1) and
XTALSC(1) allow the user to change the averaging weighting factors
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JTALSC
@

WTALSC
@

KTALSC
@

XTALSC
@

when flow conditions in the heat exchangers change, for example when
a counter-current flow becomes co-current. Typically the temperature
averaging is needed in counter-flow conditions, while it is not needed in
co-flow conditions. This can be achieved by setting XTALSC(1) to a
large number (for example XTALSC(1)=10%). Generally speaking,
XTALSC(1) is a flow for which the temperature distribution in the left
boundary Control VVolume is approximately linear, provided that there is
flow in through JTALSC(1) and KTALSC(1).

Acceptable range: 1071° < XTALSC(1) < 10%.

Default value: none.

Outlet Junction Data:

Junction reference number of the outlet Junction on the current (left)

side.

Acceptable range: must be a Junction connected to the left boundary
Control Volume (IVLLSC), if non-zero.

Default value: none.

Limiting mass flow in the outlet Junction JTALSC(2) for full tempera-
ture averaging (Wra. in Figure 2-16 (b) ). Applied when there is flow
through JTALSC(2) into IVLLSC and there is no flow through
KTALSC(2) into IVLRSC - reversed flow on the left (primary) side,
normal flow direction on the right (secondary) side. The temperature of
the fluid entering through the Junction JTALSC(2) will be used with
maximum weighting factor if the mass flow at the Junction is larger than
WTALSC(2) (Wi > WTALSC(2) ). Generally speaking, WTALSC(2)
is a flow for which the temperature distribution in the left boundary
Control Volume is approximately linear, provided that there is flow in
through JTALSC(2) and there is no flow in through KTALSC(2).
Acceptable range: 10 < WTALSC(2) < 10%.

Default value: none.

Junction reference number of the outlet Junction on the other (right)

side.

Acceptable range: must be a Junction connected to the right boundary
Control Volume (IVLRSC), if non-zero.

Default value: none.

Limiting mass flow in the outlet Junction JTALSC(2) for full tempera-
ture averaging (Xra. in Figure 2-16 (d) ). Applied when there is flow
through JTALSC(2) into IVLLSC and simultaneously there is flow
through KTALSC(2) into IVLRSC - reversed flow on both left
(primary) and right (secondary) side. The temperature of the fluid
entering through the Junction JTALSC(2) will be used with maximum
weighting factor if the mass flow at the Junction is larger than
XTALSC(2) (Wi > XTALSC(2) ). The input entries KTALSC(2) and
XTALSC(2) allow the user to change the averaging weighting factors
when flow conditions in the heat exchangers change, for example when
a counter-current flow becomes co-current. Typically the temperature
averaging is needed in counter-flow conditions, while it is not needed in
co-flow conditions. This can be achieved by setting XTALSC(2) to a

K6223/24.277594 MSt-2402 171



SPECTRA Code Manuals - Volume 2: User’s Guide

large number (for example XTALSC(2)=10%). Generally speaking,
XTALSC(2) is a flow for which the temperature distribution in the left
boundary Control VVolume is approximately linear, provided that there is
flow in through JTALSC(2) and KTALSC(2).

Acceptable range: 107° < XTALSC(2) < 10%.

Default value: none.
(a) Normal flows, usec W, ;, Wry 2 (b) Reversed primary flow, use Wry 1, X745
A ‘Weighting factors based on W=100.0 kg/s A Weighting factors bascd on W=1.0E6 kg/s
LKl Full T-A when W > 100.0 kg/s 7] Ppractically no T-A T
T TSCVOI. left
i
T3, o g
: X, [uT]
Wran \_H'TA,L = 100.0 (nom) X Wra,r Wgq 1 = LOE6 Xiax
wmiirT CV-10 —l - df— CV-10 e ———
NI 5 2 | 016 (arge) TN-12 NI Xpa s = 1000 IN-12
Wia o S0l — Woa 1 SC-01 =
X7 oee Wiar = 1000 (nom) X4t ooe Wi 2= 1000
———— ~df— CV-20 <= = = R CV-20 — ————
) Xy, = LOES (large) |21 22 Xp4 5 = LORG ™2
(c) Reversed secondary flow, use Xqy ;. Woy 1 (d) Reversed both flows, use X gy 1. Xpg g
Weighting factors based on W=1.0E6 kg/s 4 Weighting factors based on W=100.0 kg/s

b
TIKT practically no T-A 7Kl Fyll T-A when W > 100.0 kg/s

1

T.\'L'{Jl ke,
o T o A
P Toon
i i
L Tsc o, righ .
i i
|
Tz, i i
P ] i [l
—
Wrar | Wanz = 1000 (nom) Xrao Wit Wrn.s = 1016 Xrax
—_— CV-10 — — <tf— CV-10 e ———
TN x = 1.OES (large) IN-12 N1 Xy ;= 1000 IN-12
SC-01L ; SC-oL
WTA,! secl ”TA,F,
Xyt twee| Wrar= LOEO Xra1we| Wrag- LOCG
1—_ — —) CV-20 — - — CV-20 —
INZ2) Xy o= 1000 x2L B2l = 1000 IN2L

Figure 2-16 Example of temperature averaging for a counter-flow heat exchanger.

2.3.16 Records: 326XXX, Right Side Heat Exchanger Temperature Averaging

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. These records define the
temperature averaging for the right surface of a Solid Heat Conductor (see section 2.3.15).

Inlet Junction Data
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JTARSC
@)

WTARSC
@)

KTARSC
@)

XTARSC
@)

JTARSC
@)

Junction reference number of the inlet Junction on the current (right)

side.

Acceptable range: must be a Junction connected to the right boundary
Control Volume (IVLRSC), if non-zero.

Default value: none.

Limiting mass flow in the inlet Junction JTARSC(1) for full temperatu-
re averaging (Wrar in Figure 2-16 (a) ). Applied when there is flow
through JTARSC(1) into IVLRSC and there is no flow through
KTARSC into IVLLSC - normal flow direction on both right
(secondary) and left (primary) side. The temperature of the fluid entering
through the Junction JTARSC(1) will be used with maximum weighting
factor if the mass flow at the Junction is larger than WTARSC(1) (W
>WTARSC(1) ). Generally speaking, WTARSC(1) is a flow for which
the temperature distribution in the right boundary Control Volume is
approximately linear, provided that there is flow in through JTARSC(1)
and there is no flow in through KTARSC(1). Roughly, this number can
be viewed as a nominal flow through the heat exchanger.

Acceptable range: 107° < WTARSC(1) < 10%,

Default value: none.

Junction reference number of the outlet Junction on the other (left) side.

Acceptable range: must be a Junction connected to the left boundary
Control VVolume (IVLLSC), if non-zero.

Default value: none.

Limiting mass flow in the Junction JTARSC(1) for full temperature
averaging (Xrar in Figure 2-16 (b) ). Applied when there is flow through
JTARSC(1) into IVLRSC and simultaneously there is flow through
KTARSC(1) into IVLLSC - normal flow direction on the right
(secondary) side, reversed left (primary) side flow. The temperature of
the fluid entering through the Junction JTARSC(1) will be used with
maximum weighting factor if the mass flow at the Junction is larger than
XTARSC(1) (Wi > XTARSC(1) ). The input entries KTARSC(1) and
XTARSC(1) allow the user to change the averaging weighting factors
when flow conditions in the heat exchangers change, for example when
a counter-current flow becomes co-current. Typically the temperature
averaging is needed in counter-flow conditions, while it is not needed in
co-flow conditions. This can be achieved by setting XTARSC(1) to a
large number (for example XTARSC(1)=10°. Generally speaking,
XTARSC(1) is a flow for which the temperature distribution in the right
boundary Control VVolume is approximately linear, provided that there is
flow in through JTARSC(1) and KTARSC(1).

Acceptable range: 1071° < XTARSC(1) < 10%.

Default value: none.

Outlet Junction Data

Junction reference number of the outlet Junction on the current (right)
side.
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W-6 (R) : WTARSC
)

W-7 (1) : KTARSC
)

W-8 (R) : XTARSC
)

Acceptable range: must be a Junction connected to the right boundary
Control Volume (IVLRSC), if non-zero.
Default value: none.

Limiting mass flow in the outlet Junction JTARSC(2) for full tempera-
ture averaging (Wrar in Figure 2-16 (c) ). Applied when there is a
through JTARSC(2) into IVLRSC and there is no flow through
KTARSC(2) into IVLLSC - reversed flow on the right (secondary) side
and normal flow direction on the left (primary) side. The temperature of
the fluid entering through the Junction JTARSC(2) will be used with
maximum weighting factor if the mass flow at the Junction is larger than
WTARSC(2) (Wi > WTARSC(2) ). Generally speaking, WTARSC(2)
is a flow for which the temperature distribution in the right boundary
Control Volume is approximately linear, provided that there is flow in
through JTARSC(2) and there is no flow in through KTARSC(2).
Acceptable range: 107° < WTARSC(2) < 10%,

Default value: none.

Junction reference number of the outlet Junction on the other (left) side.

Acceptable range: must be a Junction connected to the left boundary
Control Volume (IVVLLSC), if non-zero.

Default value: none.

Limiting mass flow in the outlet Junction JTARSC(2) for full tempera-
ture averaging (Xtar in Figure 2-16 (d) ). Applied when there is a
through JTARSC(2) into IVLRSC and simultaneously there is flow
through KTARSC(2) into IVLLSC - reversed flow on both right
(secondary) side and left (primary) side. The temperature of the fluid
entering through the Junction JTARSC(2) will be used with maximum
weighting factor if the mass flow at the Junction is larger than
XTARSC(2) (Wi > XTARSC(2) ). The input entries KTARSC(2) and
XTARSC(2) allow the user to change the averaging weighting factors
when flow conditions in the heat exchangers change, for example when
a counter-current flow becomes co-current. Typically the temperature
averaging is needed in counter-flow conditions, while it is not needed in
co-flow conditions. This can be achieved by setting XTARSC(2) to a
large number (for example XTARSC(2)=10°). Generally speaking,
XTARSC(2) is a flow for which the temperature distribution in the right
boundary Control Volume is approximately linear, provided that there is
flow in through JTARSC(2) and KTARSC(2).

Acceptable range: 1071° < XTARSC(2) < 10%°,

Default value: none.

An example of temperature averaging for a counter-flow heat exchanger is shown in Figure 2-16. For
the case shown in this figure appropriate input entries are:

SC-01 left surface, inlet Junction:

e JTALSC=11
e WTALSC=W\

174

JN-11 is the inlet Junction on the left surface.
nominal flow for the normal counter-flow conditions - Figure 2-16 (a).
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. KTALSC=22 if there is flow in through JN-11, and
simultaneously through JN-22, the flow is co-current and WTALSC
needs to be replaced by XTALSC, below.

o XTALSC=10° a large value, appropriate for co-flow conditions -
Figure 2-16 (c).

SC-01 left surface, outlet Junction:

. JTALSC=12 JN-12 is the outlet Junction on the left surface;
when there is flow in through this Junction, the flow is co-current and
WTALSC should be large.

e WTALSC=10° a large value, appropriate for co-flow conditions -Figure 2-16 (b).

o KTALSC=22 if there is flow in through JN-12, and
simultaneously through JN-22, the flow is counter-current and
WTALSC needs to be replaced by XTALSC, below.

o XTALSC=Wn_ nominal flow for the reversed counter-flow conditions - Figure 2-16 (d).

SC-01 right surface, inlet Junction:

e JTARSC=21 JN-21 is the inlet Junction on the right surface.
o WTARSC=Wnr nominal flow for the normal counter-flow conditions - Figure 2-16 (a).
. KTARSC=12 if there is flow in through JN-21, and

simultaneously through JN-12, the flow is co-current and WTARSC
needs to be replaced by XTARSC, below.
e XTARSC=10° a large value, appropriate for co-flow conditions - Figure 2-16 (b).

SC-01 right surface, outlet Junction:

o JTARSC=22 JN-22 is the outlet Junction on the left surface;
when there is flow in through this Junction, the flow is co-current and
WTARSC should be large.

e WTARSC=10° a large value, appropriate for co-flow conditions - Figure 2-16 (c).

. KTARSC=12 if there is flow in through JN-22, and
simultaneously through JN-12, the flow is counter-current and
WTARSC needs to be replaced by XTARSC, below.

o XTARSC=Wyr nominal flow for the reversed counter-flow conditions - Figure 2-16 (a).

Suppose the nominal flow is 100.0 kg/s on both left and right side. The input deck for the SC-01
Temperature Averaging (Figure 2-16) looks like this:

* INLET JUNCTION OUTLET JUNCTION

* JTALSC WTALSC KTALSC XTALSC JTALSC WTALSC KTALSC XTALSC

325001 011 100.0 022 1.0E+6 012 1.0E+6 022 100.0 * Left side
326001 021 100.0 012 1.0E+6 022 1.0E+6 012 100.0 * Right side

Note that the limiting flow for T-A is affected by the multipliers CMN1SC, CMN2SC, defined in the
record 360000 (section 2.3.23). Generally one should make sure that the limiting flows, Wra,
approximately fulfil the relation:
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(\NTACp )primary z (\NTACP )secondary

The multipliers will then assure proper temperature averaging in case when the flow on the primary
side is becoming very different from the flow on the secondary side.

2.3.17 Records: 327XXX, Left Side Structure-to-Structure Radiation

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999.

W-1(1): JQRLSC  Reference number of the 1-D Solid Heat Conductor member of the
structure-to-structure radiation pair. A left side surface of JQRLSC is
identified by the use of a negative Solid Conductor number while a right
side surface of JQRLSC is identified by a positive Solid Conductor
number. A single SC may be a member of a single radiating pair only.
The model need to be defined on one of the radiating surfaces. If it is
defined on both radiating surfaces, the input must be consistent.
Emissivity must be defined for both surfaces:

IQRLSC > 1000: for the Solid Conductor XXX

IQRLSC > 1000: for the Solid Conductor -JQRLSC, if JQRLSC<0

IQRRSC > 1000: for the Solid Conductor JORLSC, if JQRLSC>0

Acceptable range: must be a valid reference number of a 1-D Solid
Heat Conductor, if non-zero

Default value: 0

W-2 (R): FQRLSC View factor from the smaller surface to the larger surface, Fi.. Note
that this always the view factor from the smaller surface of the pair.
Acceptable range: 0.0 <FQRLSC < 1.0.
Default value: 1.0

The effective emissivity of a pair of 1-D Solid Heat Conductor surfaces and the radiation heat fluxes

are obtained from:
-1
81_2:[i+i.[i_1j+i_1}
& A g F,

O ,=é,"0" (T14 _T24)

0,4 =61, 'O"(T24 _T14)'%

gr2  heat flux from surface 1 to 2, W/m?,

o Stefan-Boltzmann constant, =5.67x108 W/(m?-K*),
Ty temperature of surface 1, K,

T, temperature of surface 2, K,

£1-2 effective emissivity between surfaces 1 and 2.

Az area of surface 1, m?, (the smaller surface)

A area of surface 2, m?, (the larger surface)

€1 emissivity (temperature-dependent) of surface 1,
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& emissivity (temperature-dependent) of surface 2,
Fio  view factor from surface 1 (the smaller surface) to surface 2 (the larger surface).

2.3.18 Records: 328XXX, Right Side Structure-to-Structure Radiation

XXX is the Solid Heat Conductor reference number, 001 < XXX <999,

W-1(1): JORRSC  Reference number of the 1-D Solid Heat Conductor member of the
structure-to-structure radiation pair. A left side surface of JQRRSC is
identified by the use of a negative Solid Conductor number while a right
side surface of JQRRSC is identified by a positive Solid Conductor
number. A single SC may be a member of a single radiating pair only.
The model need to be defined on one of the radiating surfaces. If it is
defined on both radiating surfaces, the input must be consistent.
Emissivity must be defined for both surface:

IQRRSC > 1000: for the Solid Conductor XXX

IQRLSC > 1000: for the Solid Conductor -JQRRSC, if JQRRSC<0

IQRRSC >1000: for the Solid Conductor JQRRSC, if JQRRSC>0

Acceptable range: must be a valid reference number of a 1-D Solid
Heat Conductor, if non-zero

Default value: 0

W-2 (R): FQRRSC View factor from the smaller surface to the larger surface, Fi_. Note
that this always the view factor from the smaller surface of the pair.
Acceptable range: 0.0 <FQRRSC < 1.0.
Default value: 1.0

Example 1

The example below defines a radiating pair consisting of the right surface of SC-100 and the left
surface of SC-200. Default value of the view factor from the smaller surface, Fi, = 1.0, is used.
The view factor from the larger surface (computed internally by the code) is equal to F2-1 = Ai/A..

328100 -200 ~* SC-100 right to SC-200 left

Example 2

The example below defines a radiating pair consisting of the right surface of SC-100 and the left
surface of SC-200. The view factor from the smaller surface is equal to F1» = 0.5. The view factor
from the larger surface (computed internally by the code) is equal to Fo_1 = F12xA1/A;.

328100 -200 0.5 * SC-100 right to SC-200 left , view fac=0.5

It is sufficient to define the pair for one of the two radiating surfaces. The definition below will give
exactly the same results as the definition above:
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327200 100 0.5 * SC-200 left to SC-100 right, view fac=0.5

The radiating pair of surfaces may also be defined twice. In this case both definitions must be
consistent, otherwise an input error is generated. The following definition:

328100 -200 0.5 * 3C-100 right to 3SC-200 left , view fac=0.5
327200 100 0.5 * SC-200 left to SC-100 right, view fac=0.5

will give exactly the same results as the definitions shown earlier: Note that the view factor FQRRSC
is always interpreted as the view factor from the smaller of the two surfaces. Therefore the value is
the same, independently of which record, 328100 or 327200, is used. The view factor from the larger
surface is always calculated obtained internally in the code.

2.3.19 Records: 350XXX, Boundary Fluid Temperature Calculation

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. This record describes
boundary fluid temperature calculation in case of intensive boiling. This record is optional. All entries
from this record have their default values, recommended for general application.

W-1(1): IBPTSC  Indicator for boundary fluid temperature calculation for pool-bubble
flow. Typically the pool temperature is used as boundary fluid
temperature for Solid Heat Conductors. In case of intensive boiling the
program assumes that bubbles rise up in a plume of relatively warm
water (see Volume 1). The water temperature in this plume is equal to
the local saturation temperature, and is therefore higher than the pool
average temperature, which is no higher than the saturation temperature
at the pool surface pressure. The indicator IBPTSC defines how the
program should determine whether the SC surface will be exposed to the
warm plume or to the relatively cold pool outside the plume. Three
factors may be used by the program: the void fraction factor, f,, the
temperature factor, fr, and the submergence factor, fz. Those factors are
defined as follows:

a) The void fraction factor, f:

0.0 if a<a
f,=4@-2X)X? if o <a<a,
1.0 if aza,

where a is the average void fraction in the pool, X is the interpolation
factor, equal to: X = (0-01)/(02-a1), and the boundary values of void
fractions, oz, o, are defined below (words 2 and 3). Note that the cubic
interpolation is used, which ensures continuity of the function as well as
its first derivative.
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b) The surface temperature factor, fr:

0.0 if Teo <T,, +AT,
f, =4(3=2X)X? if T, +AT, <Te <T,, +AT,
1.0 if Tee 2T, +AT,

where Tsc is the surface temperature of the Solid Heat Conductor, Ty is
the liquid temperature at the pool-bubble interphase, X is the
interpolation factor, equal to:

X=(Tsc—(Tine + A7) )/ ((Tine + A4T2) — (Tine + 4T1) ),

and the boundary values of AT are defined below (words 4 and 5).

¢) The surface submergence factor, fz:

(B-2X,)X? if 0<Z<Zy
_ 10 If Zbubb < Z < Zbubbzml
TN@-2X,)X2 i ZyyZoy <Z<ZyuZos
0.0 it Z,,Z, <Z

where Z is the SC submergence (equal to the distance between the pool
surface and the elevation of the middle point of this part of the SC which
is covered by water), Zu is the submergence of average bubble, X; and
X are the interpolation factors, equal to:

X1 = ZIZou,

X2 = (Z-ZoubZm2)l (Zouo Zim1-Zbup-Z2).

Values of the multipliers, Zm: and Zm», are defined below (words 6, 7).

The parameter IBPTSC defines which of the factors described above
should be used. The interpretation is as follows:

IBPTSC=-1: No factors are used. When the surface is exposed to
a boiling pool, the boundary fluid temperature is always equal to the pool
temperature, Tpool (approximately equal to the saturation temperature for
the pressure at the pool surface).

T fwia= T pool

IBPTSC=1: Only the void fraction factor is taken into account.
The boundary fluid temperature is calculated as:

T fuid= Tpool+ (Tint' Tpool ) fa
where Tpool IS the pool average temperature, and Tiy is the liquid
temperature at the pool-bubble interphase (thus the warm plume

temperature, approximately equal to the saturation temperature for the
pressure at the elevation of average bubble).
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ALP1SC

ALP2SC

TSC1SC

TSC2SC

IBPTSC=2: The void fraction factor and the temperature factor
are taken into account. The boundary fluid temperature is calculated as:

T fwia= Tpool+ (Tint' Tpool)'( fa fT )

IBPTSC=3: The void fraction factor and the submergence factor
are taken into account. The boundary fluid temperature is calculated as:

T fwia= Tpool+ (Tint' Tpool )( fa fz )

IBPTSC=4: All factors are taken into account. The boundary
fluid temperature is calculated as:

T fwid= Tpool+ (Tint' Tpool )( fa fT fz )

Acceptable range: -1 <IBPTSC <+4.
Default value: +4. If IWATCV>0 (see section 2.1.31) then the
default value is —1.

Upper limit of void fraction to use only the pool temperature as boundary
fluid temperature for the SC surface, oy, (-). Used if IBPTSC (word 1
above) is positive. If the average void fraction in the pool is below a1
then the Solid Heat Conductor surface is not exposed to the warm plume.
Acceptable range: 10°<ALP1SC<0.1.

Default value: 103,

Lower limit of void fraction to use the warm plume temperature as
boundary fluid temperature for the SC surface, oy, (-). Used if IBPTSC
(word 1 above) is positive. If the average void fraction in the pool is
above oy then the Solid Heat Conductor surface can be exposed to the
warm plume (depending on other conditions if they are applied).
Acceptable range: 2.0-ALP1SC <ALP2SC<05.

Default value: 0.05.

Upper limit of SC surface superheat to use only the pool temperature as
boundary fluid temperature for the SC surface, ATi, (K). Used if
IBPTSC (word 1 above) is equal to 2 or 4. If the SC surface temperature
is lower than the liquid temperature at the pool-bubble interphase (warm
plume temperature) plus TSC1SC then the Solid Heat Conductor surface
is not exposed to the warm plume.

Acceptable range: 0.1 <TSC1SC<10.0.

Default value: 1.0.

Lower limit of SC surface superheat to use the warm plume temperature
as boundary fluid temperature for the SC surface, AT, (K). Used if
IBPTSC (word 1 above) is equal to 2 or 4. If the SC surface temperature
is lower than the liquid temperature at the pool-bubble interphase (warm
plume temperature) plus TSC2SC then the Solid Heat Conductor surface
can be exposed to the warm plume (depending on other conditions if
they are applied).

K6223/24.277594 MSt-2402



W-6 (R) :

W-7 (R) :

SPECTRA Code Manuals - Volume 2: User’s Guide

ZSC1SC

ZSC2SC

Acceptable range: 2.0-TSC1SC < TSC2SC <30.0.
Default value: 3.0.

Lower multiplier on bubble submergence to use the warm plume
temperature as boundary fluid temperature for the SC surface, Zm, (-).
Used if IBPTSC (word 1 above) is equal to 3 or 4. If the SC surface
submergence is smaller than the average bubble submergence multiplied
by ZSC1SC then the Solid Heat Conductor surface can be exposed to
the warm plume (depending on other conditions if they are applied).
Acceptable range: 1.0<ZSC1SC<10.0.

Default value: 20.

Upper multiplier on bubble submergence to use only the pool
temperature as boundary fluid temperature for the SC surface, Zms, (-).
Used if IBPTSC (word 1 above) is equal to 3 or 4. If the SC surface
submergence is larger than the average bubble submergence multiplied
by ZSC2SC then the Solid Heat Conductor surface is not exposed to the
warm plume.

Acceptable range: 1.2-ZSC1SC <ZSC2SC <15.0.

Default value: 4.0.

2.3.20 Records: 351XXX, Boundary Fluid Velocity Multiplier

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. This record is optional. The
velocity multiplier may be used for to account for own movement of structures, such as for example
rotor blades. In such case the relative velocity surface-to-gas velocity is different than the gas velocity
in a Control Volume. The user may take into account that difference using a Control Function that
depends on the rotational speed, etc.

W-1 (1) :

VLMLSC Velocity multiplier, Cy, for the boundary surface velocity calculation. If

a positive value is entered, the velocity multiplier is constant, and equal
to this value. If a negative value is entered, the velocity multiplier is
obtained from the Control Function equal to |VLMLSC/|. An absolute
value of the number obtained from the Control Function is used.
Furthermore the value is limited to a maximum of 10%°.

The fluid velocity at the SC boundary surface is obtained from:

If IHDLSC=0 (Word 18, record 321XXX):

2 2
VSC = Cv : \/VCV,hor +VCV ver
If IHDLSC=1, IVERSC=0 (vertical SC, Word 5, record 300XXX):

Ve = C:v “Vev ver

If IHDLSC=1, IVERSC=0 (horizontal SC, Word 5, record 300XXX):
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Vse = Cv “Vev hor

Acceptable range: 0.0 <VLMLSC < 10%
or reference to a Control Function.
Default value: 1.0

2.3.21 Records: 352XXX, Limit for Simultaneous Transfer to Pool and Atmosphere

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999.

W-1(R): PMXLSC Critical (maximum) fraction of left surface area covered by pool to allow
simultaneous heat transfer to pool and atmosphere. If no value is given,
simultaneous heat transfer to pool and atmosphere is always possible.
This may lead to too large condensation in some cases. To eliminate it,
the user may restrict the simultaneous heat transfer to a situation when
the pool-covered fraction is smaller than PMXLSC. This input
parameter is similar to CPFPL in the MELCOR code. An interpolation
zone is defined. The full transfer to gas occurs when the pool fraction is
below 0.9 of the critical value, a linear interpolation is performed in the
range between 0.9 and 1.0 times the critical value.

Acceptable range: 0.0<PMXLSC<1.0
Default value: 0.0.

W-1(R): PMXRSC Maximum fraction of right surface area covered by pool to allow
simultaneous heat transfer to pool and atmosphere. The same as
PMXLSC but applied for the right surface).
Acceptable range: 0.0 <PMXRSC<1.0
Default value: 0.0.

As example of such situation is discussed in Volume 1. As a reference case, a fine nodalization is used
(Figure 2-17, left). Coarse nodalization and consequent too slow heat up due to artificial heat transfer
from atmosphere to pool through the solid structure is shown in Figure 2-17, middle. This is prevented
by using the parameter PMXRSC. A value of PMXRSC=0.01 was used (Figure 2-17, right). The heat
transfer from atmosphere to pool is practically eliminated. However, a direct heat transfer still exists
at the pool-atmosphere interphase. Therefore it is advisable to eliminate the pool-atmosphere heat
transfer at the same time (input record 164XXX). This was done in the considered example.
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Test for simultaneous pool and atmosphere heat transfer, SPECTRA,

t=1600s Fine nodalization Coarse nodalization Coarse nodalization
Reference case No limit for simultaneous heat transfer Limit: PMXRSC = 0.01
CV-920 P=1.00bar CV-920 P=1.00 bar CV-920 P=1.00 bar
Void
L0 0.73 kg/s T JN-681 1.45 kg/s +J‘N—791
08 CV-700
0.6
04 atms
02 THE Fuell
0.0 ] o
==
TIK] e ] g
===
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Figure 2-17 Simultaneous heat transfer to pool and atmosphere

2.3.22 Records: 353XXX, Plume Model for Heat and Mass Transfer

XXX is the Solid Heat Conductor reference number, 001 < XXX <999. These records activate plume
models for the heat and mass transferred at the surface of the Solid Heat Conductor. The plume model
is used in Control Volumes, in which stratification is calculated. Thus, it will be used only if the
stratification model is active for the boundary (left or right) volume for this Solid Heat Conductor. A
description of the plume model is given in Volume 1. To activate the model for a single component,
a set of two integer numbers, described below, must be entered. To activate the model for both
atmosphere and pool, two pairs of data should be entered in this record.

W-1(1): J Identifier of component, for which the plume model is desired. J=1:
atmosphere; J=3: pool.
Acceptable range: J=1, or J=3.
Default value: none.

W-2 () : IPLMSC  Plume model activator. If IPLMSC = 0 then the plume model is not
active. If IPLMSC = 0 then the plume model is active for the component
J and Solid Heat Conductor XXX.
Note that the plume model is used only when stratification models are
active in Control VVolumes associated with left or right boundary surface
of the Solid Heat Conductor.
Acceptable range: any integer.
Default value: 0.

etc., until all plumes are defined.
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2.3.23 Records: 360000, Global Data: Film Boiling, Slip Ratio, TA, Oxidation

Parameters defined in this record are applied for all 1-D Solid Heat Conductors.

W-1 (R) :

W-2 (R) :

W-3 (R) :

W-4 (R) :

W-5 (R) :

W-6 (R) :

W-7 (R) :

184

AMFBSC

BMFBSC

CMFBSC

TFMNSC

TFMXSC

XTRBSC

ASFBSC

First coefficient in the Simon Minimum Film Boiling correlation, Awes,
(-). SPECTRA selects correlation that gives maximum value of the Twrs,
therefore the Simon correlation may be deactivated by setting AMFBSC
and BMFBSC to small values.

Acceptable range: 0.0 < AMFBSC <1.0

Default value: 0.13.

Second coefficient in the Simon Minimum Film Boiling correlation,
Buves, (-). SPECTRA selects correlation that gives maximum value of
the Twrs, therefore the Simon correlation may be deactivated by setting
AMFBSC and BMFBSC to small values.

Acceptable range: 0.0 <BMFBSC<2.0

Default value: 0.86.

Coefficient in the Berenson Minimum Film Boiling correlation, Cwes, (-
). SPECTRA selects correlation that gives maximum value of the Twrs,
therefore the Berenson correlation may be deactivated by setting
CMFBSC to a small value.

Acceptable range: 0.0<CMFBSC<1.0

Default value: 0.127

Minimum value of the Minimum Film Boiling (MFB) temperature
minus the Critical Heat Flux (CHF) temperature: (Tves — Tenr), (K). The
MFB temperature, calculated from the Simon correlation is limited by
this word so that it will never be lower than Tcre + TFMNSC.
Acceptable range: 5.0 < TFMNSC < 1000.0

Default value: 5.0.

Maximum value of the Minimum Film Boiling (MFB) temperature
minus the Critical Heat Flux (CHF) temperature: (Twrs — Terr), (K). The
minimum film boiling temperature, calculated from the Simon
correlation is limited by this word so that it will never be higher than
Tenr + TFMXSC.

Acceptable range: TFMNSC < TFMXSC < 1000.0

Default value: 1000.0.

Coefficient in the Kalinin Transition Boiling correlation, Xrg, (-).
Acceptable range: 0.5 < XTRBSC <20.0
Default value: 7.0.

Correction for subcooling in the film boiling correlation, Asrs, (-). In
case of a subcooled film boiling, the total heat flux is calculated from:

q=0g + ASFB . hconv : (Tsat _Tfluid)
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SMAXSC

CMN1SC

where grs is the saturated film boiling heat flux while hen is a
convective heat transfer coefficient, equal to: Max(hec, hne) with hec,
hne being the forved and the natural convective heat transfer coefficients
Acceptable range: 0.0 < ASFBSC<2.0

Default value: 0.0

Maximum value of the slip ratio, ( Vbusb / Vpool ), (-). Used for CHF
calculations. The slip ratio which is used in the CHF correlation is equal
to the minimum of Vuubh / Vpoot and SMAXSC.

Acceptable range: 1.0 < SMAXSC <1000.0

Default value: 100.0.

Multiplier for the first (counter-current) Temperature Averaging (T-A)
mode. The nominal flows for the T-A on both primary and secondary
side of a heat exchanger are entered in the records 325XXX 326 XXX.
If the flows exceed the nominal flows, full T-A is performed. If flows
are decreased then also the T-A is decreased - see section 2.3.15 and
2.3.16. This treatment is approximately correct if flow changes only on
one side of the heat exchanger. If the flow changes simultaneously on
both sides of the heat exchanger, then T-A should be used for flows
much smaller than nominal. This multiplier defines how much the
limiting flow (typically taken as a nominal flow) can be decreased when
the flow on the other side of a heat exchanger decreases.

The default value of 0.01 means that in nominal counter-flow conditions
full T-A will be performed if the flows decrease down to 1% of the
nominal flow, provided that they will decrease simultaneously on both
sides of the heat exchanger.

Generally the limiting flow on a given side of a heat exchanger is:

W

W,, = Min Wor Max W, C g » Wiy ——eretde
WTA, otherside

MN1

where Wra is the limiting flow for full T-A, Cuna is the factor CMN1SC,
Wra, other sice 1S the limiting flow for full T-A on the other side, and Wother
side 1S the current flow on the other side. Note that with this definition, the
limiting flow for T-A can be either decreased or increased, and the actual
value will always be within the range:

WTACMNl SVVTA s WTA

MN1
The limiting flow will be small when the other side flow is small, and
large when the other side flow is large. This is the most appropriate
treatment of a heat exchanger, provided that the limiting flows, defined
in records 325XXX, 326XXX for both primary and secondary side,

fulfil approximately the relation:

(VVTACp )primary ® (\NTACP )secondary

Acceptable range: 0.001 <CMNI1SC<1.0
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CMN2SC

VGLMSC

X TAeff —

VLLMSC

Default value: 0.01.

Multiplier for the second (co-current) Temperature Averaging (T-A)
mode. Works the same as CMN1SC, but in case when the flow is co-
current. Default value means that CMN2SC is not used in co-flow
conditions. It is recommended to disable T-A in co-flow by setting the
limiting flow to a large value - see section 2.3.15 and 2.3.16. In such
case the value of CMN2SC is not very important. For consistency it
should be equal to 1.0 when T-A is disabled.

Acceptable range: 0.001 <CMN2SC<1.0

Default value: 1.0.

Gas velacity limit, vgim (m/s), to switch off the Temperature Averaging
(T-A). Numerical problems may be encountered when T-A is used in
case of low velocities and changes of flow direction. To avoid this
problems the T-A is turned off when the velocity is smaller than the limit
defined by this word. An interpolation zone is defined for gas velocities
between VGLMSC and 2xVGLMSC.

Xia if vy, >2v,,
Xia -(vg —vg',m)/vg,Im if Vgum <Vq < 2Vg,|m
0.0 if v, <vy,

where Xra is the Temperature Averaging factor for full T-A, Xraer is the
effective T-A factor, vy is the gas velocity and vgm is the limiting gas
velocity, VGLMSC.

Acceptable range: 0.001 < VGLMSC <100.0

Default value: 1.0

Liquid velocity limit, vim (m/s), to switch off the Temperature
Averaging (T-A). Numerical problems may be encountered when T-A
is used in case of low velocities and changes of flow direction. To avoid
this problems the T-A is turned off when the velocity is smaller than the
limit defined by this word. An interpolation zone is defined for liquid
velocities between VLLMSC and 2xVLLMSC.

Xia if v, >2v,,

Xoaet =1 X4 M =V Vi 1F v <y <2y

IOXNSC

0.0 if v, <v,

where Xra is the Temperature Averaging factor for full T-A, Xraef is the
effective T-A factor, v is the liquid velocity and v is the limiting liquid
velocity, VLLMSC.

Acceptable range: 0.001 < VLLMSC <100.0

Default value: 0.1

Option for oxidation on surfaces not connected to Control VVolumes.
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ISEQSC

XLIMSC

IMPGSC

IAVESC

ITAISC

=1 oxidation is calculated on SC surfaces not connected to a CV. It will
be assumed that all oxidizing gases are always available at the surface.
=2: oxidation is disabled on SC surfaces not connected to a CV.
Acceptable range: 1,2

Default value: none

Indicator for multiple oxidation reactions.

=1: all oxidation reactions proceed simultaneously.

=2: dominant reactions: oxidation reactions proceed in sequence,
defined in records 381XXX, 382XXX. If there is enough oxidant (gas
fraction > XLIMSC) for the first reaction, only this reaction occurs. If
not, second reaction starts, then third, etc. This option is available
because, according to [52], reaction with oxygen dominates over
reactions with steam and nitrogen.

Acceptable range: 1,2

Default value: 1

Limit for dominant reactions. The default oxidation starvation limits are:
C10X =1.0x10*: full strength oxidation

CO0OX = C10X/10.0 = 1.0x107°: no oxidation

The default value of XLIMSC was selected approximately in the middle
of the interpolation zone, when the dominant reaction strength is reduced
roughly by half.

Acceptable range: 1.0x107 < XLIMSC < 1.0x1072

Default value: XLIMSC = C10X /2.0

Implicit/explicit use of gas concentration for oxidation calculations.
=1: implicit (end of time step value is used).

=2: explicit (beginning of time step value is used).

Acceptable range: 1lor?2

Default value: 1

Method used to calculate average SC temperature. In SPECTRA output
and plot files, the average temperatures are given next to the cell
temperatures. This entry defines how the average temperature is
obtained.

=1: volume average: T= ZVi T, /Z:Vi

=2. mass-average: T= Z M, T, /Z M.

Here M;, V;, T; are the mass, volume and temperature of the cell i.
Acceptable range: 1or?2
Default value: 2

A value of ITAISC > 0 activates the averaging scheme (T-A) also for
isotopes in circulating fuel. The averaging weighting factor is divided by
ITAISC. ITAISC = 1 means full averaging (both current CV value and
the value at the inlet to CV are taken with weights of 0.5. A value > 1
means that the current CV value gets higher weight. For example,
ITAISC = 3 means that the current CV is taken with the weight of 0.75
and the inlet value with the weight of 0.25 (see Volume 1).
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IQPLSC

Acceptable range: ITAISC >0
Default value: 0

Power versus power density as plot parameters - Table 2-25.

=1: Power (W) is used as plot parameters: SC-XXX-Qcel-YYYY
=2: Power density (W/md) is used: SC-XXX-qgcel-YYYY
Acceptable range: 1or2

Default value: 1

2.3.24 Records: 365000, Hydraulic Diameter - SC Versus CV

W-1 (1) :

188

IDHDSC

Option to check consistency between the CV hydraulic diameter
(DHYDCYV) and the SC hydraulic diameter (DFCLSC/DFCRSC).

=1: consistency is not required. f DFCLSC # DHYDCYV or DFCRSC
#DHYDCYV, then a warning message is issued.

=2: consistency is required. If DFCLSC # DHYDCYV or DFCRSC #
DHYDCV, then an error message is issued.

Acceptable range: 1,2

Default value: 1
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2.3.25 Records: 381XXX, Left Side Oxidation Data

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. These records activate the
oxidation model on the left surface of a 1-D Solid Heat Conductor. Each surface can have several
different oxidation reactions associated with it, for example: a Zircaloy cladding may be oxidized by
steam, Zr+H-0, and oxygen, Zr+0,. Maximum number of oxidation reactions is 5.

W-1 (R) : XMTLSC

Initial thickness of material available for oxidation on the left surface of

the 1-D Solid Heat Conductor, (m).

Acceptable range: XMTLSC < thickness of the SC for 1-side reaction
XMTLSC < half-thickness for both sides reaction

Default value: cell width of the leftmost (first) mesh cell
W-2 (R): XOXLSC Initial thickness of oxidized material on the left surface of the 1-D Solid
Heat Conductor, (m).
Acceptable range: 0.0 < XOXLSC < total thickness of SC.
Default value: 0.0.
W-3(I): IOXLSC(1) Oxidation reaction 1.
=-1: Zr oxidation by steam, Cathcart model
=-2: Zr oxidation by steam, Urbanic-Heidrich model
=-3: Steel oxidation by steam, White model
=—4: Zr oxidation by O, Benjamin et al. model
=-5: Graphite oxidation by O, Roes model
> 0: Oxidation model with user-defined coefficient set, number
IOXLSC. The user-defined coefficients are specified in records
8500XX, 8510XX, ..., where XX is the set number (see section 2.14.1).
Acceptable range: -5 < IOXLSC < 10, IOXLSC=0. If a positive
number is specified, then a user-defined oxidation
model must be defined in records 8500XX,
8510XX, ..., with XX=IOXLSC.
Default value: none.
W-4 (1) : IOXLSC(2) Oxidation reaction 2. See above for description of available reactions.
Acceptable range: -5 < IOXLSC < 10, IOXLSC=0. If a positive
number is specified, then a user-defined oxidation
model must be defined in records 8500XX,
8510XX, ..., with XX=IOXLSC. If several reactions
are specified, then they must be different, i.e.:
IOXLSC(i)#IOXLSC(j).
Default value: none.
W-5(I) : IOXLSC(3) Oxidation reaction 3.

... etc. until all reactions are defined. The maximum number of oxidation reactions per surface is 5.
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2.3.26 Records: 382XXX, Right Side Oxidation Data

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. These records activate the
oxidation model on the right surface of a 1-D Solid Heat Conductor. Each surface can have several
different oxidation reactions associated with it, for example: a Zircaloy cladding may be oxidized by
steam, Zr+H,0, and oxygen, Zr+0,. Maximum number of oxidation reactions is 5.

W-1(R): XMTRSC Initial thickness of material available for oxidation on the right surface
of the 1-D Solid Heat Conductor, (m).
Acceptable range: XMTLSC < thickness of the SC for 1-side reaction
XMTLSC < half-thickness for both sides reaction
Default value: cell width of the rightmost (last) mesh cell

W-2 (R): XOXRSC Initial thickness of oxidized material on the right surface of the 1-D Solid
Heat Conductor, (m).
Acceptable range: 0.0 < XOXRSC < total thickness of SC.
Default value: 0.0.

W-3(I): IOXRSC(1) Oxidation reaction 1.

=-1: Zr oxidation by steam, Cathcart model

Zr oxidation by steam, Urbanic-Heidrich model

Steel oxidation by steam, White model

Zr oxidation by O,, Benjamin et al. model

Graphite oxidation by O,, Roes model

> 0: Oxidation model with user-defined coefficient set, number

IOXRSC. The user-defined coefficients are specified in records

8500XX, 8510XX, ..., where XX is the set number (see section 2.14.1).

Acceptable range: -5 < IOXRSC < 10, IOXRSC#0. If a positive
number is specified, then a user-defined oxidation
model must be defined in records 8500XX,
8510XX, ..., with XX=10XRSC.

Default value: none.

dhbb

W-4 (1) : IOXRSC(2) Oxidation reaction 2. See above for description of available reactions.

Acceptable range: -5 < IOXRSC < 10, IOXRSC#0. If a positive
number is specified, then a user-defined oxidation
model must be defined in records 8500XX,
8510XX, .., with XX=IOXRSC. If several
reactions are specified, then they must be different,
i.e.; IOXRSC(i)#IOXRSC()).

Default value: none.

W-5(1): IOXRSC(3) Oxidation reaction 3.

... etc. until all reactions are defined. The maximum number of oxidation reactions per surface is 5.
The example input below defines oxidation reactions for two surfaces. First, Zr oxidation by O and
H,O for the 1-D Heat Conductor SC-100, left surface. The initial cladding thickness is 0.001 m. The

initial oxide thickness is 0.0 m. The built-in reaction models are used (model indicator =—4 for oxygen
reaction, and —1 for steam reaction, see section 2.14.1).
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Second, steel oxidation by O, and H,O for the 1-D Heat Conductor SC-100, right surface. The initial
thickness of material which can be oxidized is 0.001 m. The initial oxide thickness is 0.0 m. For steel-
steam reaction the built-in model is used (model indicator = -3, see section 2.14.1). For steel-oxygen
reaction a user-defined model number 4 is used. The records 850004, 8510004, ..., must be specified
in the input deck. Example input for steel-oxygen reaction is shown in section 2.14.1.

*

* Un-oxidized Oxide Reactions
381100 0.001 0.0 -4 -1 * Zr oxidation by 02 and H20
382100 0.001 0.0 4 -3 * Steel oxidation by 02 and H20

2.3.27 Record: 330XXX, Failure Parameters

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. This record activates the
failure model for this 1-D Solid Heat Conductor. The failure model considers the following three
failure mechanisms:

e Ultimate strength failure  (failure mode = 1)

o Creep rupture (failure mode = 2)
¢ Meltdown (failure mode = 3)
W-1(I): IFFASC  Failure model activator.

=0: failure model not requested for this SC

>0: failure model requested for this SC. The properties required by the
failure model are defined with the material number IFFASC in the
records 39Y000

Acceptable range: IFFASC=>0

Default value: 0

W-2(I): ITFASC Indicator defining how the representative temperature is obtained for the
failure calculations.
=1: use maximum temperature of all SC nodes
=2: use volume-weighted average temperature
Acceptable range: 1lor?2
Default value: 1

W-3(I): ISFASC Indicator defining which pressures are used for to determine the stress,
needed for the failure calculations
<0: use Control Function number | ISFASC |
=0: pressure is not used (value is set to 1.0). Stress is constant, and given
directly by XSFASC (next word).
=1: use CV pressure from the left boundary CV
=2: use CV pressure from the right boundary CV
=3: use absolute value of the difference between the left and the right
volume pressures
Acceptable range: 1 <ISFASC < 3 or reference to a Control Function
Default value: 1ifa CV is present only on the left side of the SC
2 if a CV is present only on the right side of the SC
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3 if CV-s present on both sides of the SC
0 if there is no CV on neither left nor right side

W-4 (R) : XSFASC Ratio of stress and pressure (defined by the word above), (o/p). For
example in case of a tube with the inner diameter D and the thickness t,
the relation between the overpressure inside the tube, p, and the stress,

o, (see Figure 2-18):

t D 1

Figure 2-18 Relation between stress and pressure for a tube.

p-D=c-2t
Therefore:

o=p-(D/2)

This for this case the ratio is equal to XSFASC = (D/2t).
Acceptable range: XSFASC > 0.0

Default value: rectangular geometry:  none
cylindrical geometry: (D/2t)
spherical geometry: (D/4t)

2.3.28 Records: 33Y000, Material Properties Needed for Failure Calculations

Y is the material number, 1 <Y < 9. The failure model considers the following three failure
mechanisms:

o Ultimate strength failure  (failure mode = 1)
o Creep rupture (failure mode = 2)
e Meltdown (failure mode = 3)

Creep rupture is calculated using the method proposed by Larson and Miller [40]. The time to rupture
is obtained from the following relation (see Volume 1):

LMP

Ileo(tr) =? C
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The Larson-Miller parameter, LMP, is approximated in SPECTRA by the following correlation:

LMP = A-B-log,,(o)

The properties for some materials are shown in Table 2-16.

Table 2-16 Failure model data for some frequently used materials

Material
Constants Inconel-600 Steel 304SS Steel SA106B Steel SA533B1
A 54,086 58,763 46,129 74,768
B 4,968.5 5,086.4 4,237.9 6,970.9
C 9.44 12.44 9.44 16.44
Tm 1644.0 1671.0 1789.0 1789.0
OU JowT 7.3x108 6.4x108 5.5x108 5.5x108
tu highT 634.0 1120.0 515.0 30.0
W-1(R): AFASC If a positive number is entered this is the coefficient A in the Larson-
Miller parameter for creep rupture. If a negative number is entered, then
data from Table 2-16 is used. In such case words 2 through 7 are not
used. The material identifiers are:
—1: Inconel-600
—2: Stainless steel 304SS
—3: Carbon steel SA106B
—4: Carbon steel SA533B1
Acceptable range: 10°< AFASC < 10° or AFASC =1, -2, -3, 4
Default value: none
W-2(R) : BFASC Coefficient B in the Larson-Miller parameter for creep rupture.
Acceptable range: 102 BFASC < 10°
Default value: none
W-3 (R): CFASC Coefficient C in the Larson-Miller parameter for creep rupture.
Acceptable range: 1< CFASC <10°
Default value: none
W-4 (R) : TMFASC Melting temperature, Ty, (K).
Acceptable range: 500 < TMFASC < 10,000
Default value: none
W-6 (R) : USFASC Low temperature ultimate strength, ou iowt, (Pa).
Acceptable range: 10° < USFASC < 10%
Default value: none
W-7(R): TUFASC  High temperature ultimate strength parameter, tu nignr, (S).
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2.3.29 Record: 340000, Definition of Fuel Regions for Gap Calculations

This record is needed if the user wishes to apply the gap conductance model. The record defines core
fuel regions, which are to be viewed as structures - 1-D or 2-D Solid Heat Conductors - that represent
fuel rods in a nuclear reactor. The gap properties and the location of the gap within the 1-D or the 2-
D Solid Heat Conductor, are specified in this record.

If the RT (Radioactive Particle Transport) Package is used, and the RT fuel regions are used (record
883000), the fuel regions in the RT Package must be consistent with the fuel regions for the SC
Package, defined in this record. The maximum number of fuel regions is NFRMSC = 200.

W-1 (1) : L1FRSC  Core fuel region indicator 1.

=1: this fuel region is represented by a 1-D Solid Heat Conductor,

=2: this fuel region is represented by a 2-D Solid Heat Conductor.

Acceptable range: lor2.

Default value: if the reactor kinetics model is used, the default
values are equal to the regions indicators ITF1IRK,
specified for the fuel temperature weighting factor
in record 791XXX. In this case the region indicator
ITFIRK must refer to a 1-D or 2-D Heat Conductor
(=1 or 2).

W-2 (1) : L2FRSC  Core fuel region indicator 2. Equal to:

Reference number of a 1-D Solid Heat Conductor, if LIFRSC =1,

Reference number of a 2-D Solid Heat Conductor, if LIFRSC = 2.

Acceptable range: Must be a valid reference humber of a 1-D or a 2-D
Solid Heat Conductor. The geometry of the Solid
Heat Conductor must be cylindrical.

Default value: If the reactor kinetics model is used, the default
values are equal to the regions indicators ITF2RK,
specified for the fuel temperature weighting factor
in record 791XXX.

W-3(I): NGFRSC Cell indicator for the gap model (see record 3410XX). The gap will be
present in the cell NGFRSC of the SC with a reference number L2FRSC
(if LIFRSC=1), or in the radial ring number NGFRSC of the TC with a
reference number L2FRSC (if LLFRSC=2).
Acceptable range: Must not be a boundary cell of a 1-D or a 2-D Solid
Heat Conductor. This means:
=1 < NGFRSC < NCELSC, in case of SC
=1 < NGFRSC < NCLXTC, in case of TC
Default value: =NCELSC-1, in case of SC (L2FRSC=1),
=NCLXTC-1, in case of TC (L2FRSC=2).

W-4 (1) : MGFRSC Gap model indicator (see record 3410XX). The gap model MGFRSC
will be applied in the gap present in the cell NGFRSC.
Acceptable range: 1 <MGFRSC <NGPMSC =10
Default value: none
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The set of four words defined above is repeated until all fuel regions are described. The total number
of entries in this record must be a multiple of 4. Multiple records with the same record identified
(340000) may be entered. Data is read in the order in which these records appear in the input. If the
Reactor Kinetics Package is used, the total number of fuel regions must be the same as the number of
the weighting factors in the Reactor Kinetics Package.

2.3.30 Record: 340001, Initial Gap Size and Dynamic Expansion Model

W-1(R):

W-2 (R) :

W-3 (R) :

W-4 (R) :

W-5 (R) :

DGPISC

RDFSSC

RDCCSC

FCCSSC

IFTESC

Gap size, (m), for the core fuel region number 1. If the following six
inputs are zero, the gap size will be constant and equal to DGPISC. If
non-zero values are entered for the following six inputs, the dynamic
expansion model will be used. In such case DGPISC is not used.
Acceptable range: 0.0 <DGPISC<102m

Default value: thickness of the gap node (hode number NGFRSC)

Radial displacement due to fission gas-induced fuel swelling, (m), for
the core fuel region number 1.

Acceptable range: 0.0 <RDFSSC <1.0x102m

Default value: 0.0

Radial displacement due to cladding creepdown, (m), for the core fuel
region number 1.

Acceptable range: —1.0x102<RDCCSC <0.0 m

Default value: 0.0

Fuel-cladding centerline shift ratio, for the core fuel region number 1.
Acceptable range: 0.0 <FCCSSC<1.0
Default value: 0.0

Tabular Function defining the strain function, er=(T) (-), versus
temperature T, for the fuel thermal expansion. The radial displacement
of fuel due to thermal expansion is calculated from:

Ng-1

Xer = Zdi eer(Th)
i1

Here i is the node number, Ng is gap node number (NGFRSC), di is the
thickness of the node i, T; is the temperature of the node i (cell-center),
err IS the strain function calculated from Tabular Function IFTESC. For
UO; and PuOs fuels, the strain function is given by:

_ -20
UO, : &g (T)=1.0x10""T -3.0x107° +4.0x107? exp(%J
B
— -20
PUO, : £ (T)=9.0x10"°T —2.7x10° +7.0x10"? exp(%j
B
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Here T is the temperature (K), ke = 1.38x102 J/K is the Boltzmann

constant. Values tabulated for relevant temperature range are shown in

Figure 2-19.

Acceptable range: a reference to a valid Tabular Function if non-zero,
all tabulated values must be within the range 0.0 <

8|:T(T) < 0.1
Default value: 0
W-6 (R) : ICTESC  Tabular Function defining the strain function, ect(T) (-), versus
temperature T, for the cladding thermal expansion. The radial
displacement of cladding due to thermal expansion is calculated from:
Xer = Fem “€ct (rc)

Here ren is the cladding mid-point radius, T. is the average cladding

temperature (K), ecr is the strain function calculated from Tabular

Function ICTESC. For Zircaloy cladding, the strain function is given by:

eer (T) =—-2.373x107* +6.721x10°(T — 273) for T <1073
&cr (T) =—6.800 x10~° +9.700 x10~°(T —273) for T >1273

Here T is the temperature (K). Values tabulated for relevant temperature

range are shown in Figure 2-19.

Acceptable range: a reference to a valid Tabular Function if non-zero,
all tabulated values must be within the range 0.0 <
8CT(T) <0.1

Default value: 0

T [K] Uo2 PuO2 zry SS316
273.0 0.000 0.000 0.000 0.000
Gap Model Related Data 3730 | 7.301E-:04 | 6.571E-04 | 4.348E-04 | 1.580E-03
0.040 473.0 1.731E-03 | 1.559E-03 | 1.107E-03 | 3.248E-03
’ i 573.0 2.736E-03 | 2.467E-03 | 1.779E-03 | 5.004E-03
--U02 673.0 3.754E-03 | 3.394E-03 | 2.451E-03 | 6.847E-03
—-PuO2 773.0 4.792E-03 | 4.356E-03 | 3.123E-03 | 8.778E-03
u 873.0 5.860E-03 | 5.367E-03 | 3.795E-03 | 1.080E-02
-o-Zry ~ 973.0 | 6.965E-03 | 6.438E-03 | 4.467E-03 | 1.290E-02
- 0.030 - -0-55316 1073.0 | 8.109E-03 | 7.576E-03 | 5.140E-03 | 1.510E-02
7 / 1173.0 9.293E-03 | 8.784E-03 | 4.020E-03 | 1.738E-02
< 1273.0 1.052E-02 | 1.006E-02 | 2.900E-03 | 1.975E-02
g 1373.0 1.178E-02 | 1.140E-02 | 3.870E-03 | 2.220E-02
8 1473.0 1.307E-02 | 1.279E-02 | 4.840E-03 | 2.475E-02
2 0020 1573.0 | 1.440E-02 | 1.424E-02 | 5.810E-03 | 2.738E-02
= 1673.0 1.574E-02 | 1.573E-02 | 6.780E-03 | 3.010E-02
E 1773.0 1.711E-02 | 1.726E-02 | 7.750E-03
5 1873.0 1.850E-02 | 1.882E-02 | 8.720E-03
1973.0 1.990E-02 | 2.041E-02 | 9.690E-03
0.010 2073.0 2.132E-02 | 2.202E-02 | 1.066E-02
2173.0 2.274E-02 | 2.364E-02 | 1.163E-02
| | 2273.0 2.416E-02 | 2.527E-02
{ 2373.0 2.559E-02 | 2.691E-02
J 2473.0 | 2.703E-02 | 2.856E-02
0.000 - L A L e e 2573.0 | 2.846E-02 | 3.021E-02
0 500 1000 1500 2000 2500 3000 2673.0 | 2.989E-02 | 3.185E-02
2773.0 3.132E-02 | 3.349E-02
T[K] 2873.0 | 3.275E-02 | 3.513E-02
2973.0 3.417E-02 | 3.677E-02
Figure 2-19 Gap model data for frequently used materials - strain function
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W-7 (R): IYMCSC Tabular Function defining the Young modulus E(T) (Pa), versus
temperature T, for the cladding. The cladding elastic deformation is
calculated from:

o, —Vo,
XCE = rcm( E j
Here rem is the cladding mid-point radius, oy is the cladding hoop stress
(Pa), o, is the cladding axial stress (Pa), v is the Poisons ratio. The hoop
and axial stresses are given by:
PI'rI_PO'rO Pl'rlz_l:)o'ro2
Oh = o, = 2 2
o =1 L, -
P = pressure (Pa), r = cladding radius (m), subscripts: | = inner surface
of cladding (gap), O = outer surface of cladding (fluid). E is the Young
modulus calculated from Tabular Function I'YMCSC. NOTE: cladding
elastic deformation is calculated only when there is a boundary volume
defined (in 1-D IVLRSC>0, in 2-D IVLBTC>0), because only then the
cladding outer pressure, Po, is available as the pressure in the boundary
volume.
For the Zircaloy cladding, the Young modulus is given by:
E(T)=1.088x10""' -5.475x10" T for T <1090
E(T)=9.210x10"° —4.050 x10" T for T >1240
Here T is the temperature (K). Values of the Young modulus tabulated
for relevant temperature range are shown in Figure 2-20.
T [K] Uo2 PuO2 Zry SS316
Gap MOdel Related Data 273:0 2.200E+11| 2.470E+11 9:385E:10 2.050E+11
0 oo
’ A4 573.0 7.743E+10
673.0 7.195E+10
e 773.0 6.648E+10
R . e im0
< 1073.0 5.005E+10
P_-‘ 1090.0 4.912E+10
3 1set 12400 41685420
S 1340.0 3.783E+10
g --U02 1440.0 3.378E+10
2 106w & puce o Fiead]
2 D‘:Hj aZry 1740.0 2.163E+10
> H:H:H:H].D -0-SS316 1840.0 1.758E+10
5.0E+10 O 2000 o 4205209
' TBag 21400 5 430E+09
DD‘DQD 2240.0
2340.0
0.0E+00 S SV SIS S = - NS S 24400
500 1000 1500 2000 2500 3000 2540.0
2640.0
T [K] 2740.0
2840.0
Figure 2-20 Gap model data for frequently used materials - Young modulus
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Acceptable range: a reference to a valid Tabular Function if non-zero,
all tabulated values must be within the range 107 <
E(T)<10%Pa

Default value: 0

The set of 7 words defined above is repeated until all fuel regions are described. The total number of
entries in this record must be a multiple of 7. The number of sets per single input record must not be
larger than 5. Multiple records with the same record identified (340001) may be entered. Data is read
in the order in which these records appear in the input. The number of fuel regions must be the same
as in the records 340000.

2.3.31 Record: 340002, User-defined Gap Conductance

A user-defined gap conductance may be specified in this record. The gap conductance may be either
constant or time-dependent, calculated by a Control Function.

W-1(R): HGPCSC  Gap conductance for the core fuel region number 1, defined as follows:
HGPCSC>0: Constant gap conductance, hgap (W/m?-K)
HGPCSC<0: Gap conductance will be calculated by the Control
Function with the number | HGPCSC | . The value obtained from the CF
will be interpreted as gap conductance hgap (W/m?-K), with the following
limits: 1.0 < hgap < 1.0x10%°
HGPCSC=0: Gap conductance will be calculated based on the data
entered in the following input records.
Acceptable range: 0.0 <HGPCSC < 1.0x10%
Default value: 0.0

until constant gap conductance is defined for all fuel regions. Multiple records with the same
record identified (340002) may be entered. Data is read in the order in which these records appear in

the input. If the record is entered, the number of fuel regions must be the same as in the records 340000
and 340001.

2.3.32 Record: 3410XX, Gap Data

XX is the gap model number, 1 < XX <10. The maximum number of the gap models is 10. The overall
heat transfer coefficient in gap is computed as a sum of thee terms:

hyap =N, +N, +h

hr radiation, (W/m2-K)
he conduction through gas, (W/m?-K)
hs conduction through solid, due to contact of fuel and cladding, (W/m?-K)
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e Radiation. The radiation term is obtained as:

-1
oo Leda] e o)

& &

Here &, &, are the emissivities of fuel and cladding, Tr, T, are the surface temperatures of fuel
and cladding, o is the Stefan-Boltzmann constant, equal to 5.67x108 (W/m?2-K*).

e Gas conduction. The conduction term is obtained as:

k
h, = d
dgap +dmin +(gf + gc)

Here kg is the conductivity of the gas mixture, dgap is the gap thickness, dmin is related to the
roughness of the two surfaces, g, g, are the temperature jump distances. The dmin is obtained
from:

dmin :Cd '(rf +rc)

Here ry, r¢, are the surface roughness of fuel and cladding respectively, and Cq is constant. The
temperature jump distances are obtained from:

kg \/i
Now

Py ‘Zl:xiaiMi_l/Z

(gf +gc)=Cj :

Here Cj is constant, a; is the accommaodation coefficient (-), T is the gap gas temperature (K),
Mi; is the gas molar weight (kg/kmol), Xi is the gas molar fraction (-), and py is the gas pressure
in the gap (Pa). The thermal accommaodation coefficient is based on Ullman data [44]:

M. —M
: - '(aXe_aHe)
IVIXe_IVIHe

ay, =0.425-23x107*-T,
ay, =0.740 —2.5x107" - T,

a, =a,, +

The gas pressure in the gap is computed from:

Here po, To are the gas pressure and temperature in reference state and Ty is the current gas
temperature in the gas plenum. The gas plenum is defined by the user for each common
region. A CV fluid temperature or SC/TC node temperature may be selected. This should be
selected as the volume or structure most closely associated with the non-fuel region in a fuel
pin at the top of a stack of fuel pellets.
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e Solid conduction. The heat transfer due to fuel-cladding contact is obtained as:

k p "
h =C .—s .|
et ()

Here C; is constant, ks is the effective solid conductivity, pa is the apparent interfacial pressure
in the point of contact, H is the Meyer hardness of the softer material (typically cladding), r:
is the effective surface roughness. The effective solid conductivity is obtained from:

k; -k,
k,=2-
k, +k

C

Here ki, ke, are the conductivities (W/m-K) of fuel and cladding respectively. The effective
surface roughness is obtained from the Ross and Stoute model [45]:

rl+r?
= >

The input parameters needed for the three terms are described subsequently below.

e Radiation data

W-1(R): EFGCMP  Emissivity of fuel, &, (-).
Acceptable range: 0.0 <EFGCSC<1.0
(a small number, <10, sets the value to 0.0)
Default value: 0.8

W-2 (R): ECGCMP Emissivity of cladding, e, (-).
Acceptable range: 0.0 <ECGCSC<1.0
(a small number, <10, sets the value to 0.0)
Default value: 0.9

e Gas conduction data

W-3(R): CDGCMP Constant Cg, (-).
Acceptable range: 0.0 <CDGCSC < 10%°
(a small number, <10, sets the value to 0.0)
Default value: 15

W-4 (R) : RFGCMP  Fuel surface roughness, ri, (m).
Acceptable range: 0.0 <RFGCSC < 1.0x1073
(a small number, <107, sets the value to 0.0)
Default value: 3.3x10°

W-5 (R) : RCGCMP Cladding surface roughness, rc, (m).
Acceptable range: 0.0 <RCGCSC < 1.0x107
(a small number, <10, sets the value to 0.0)
Default value: 1.78x10°
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CIGCMP

Constant C;, (-).
Acceptable range: 0.0 <CJGCSC<1.0

(a small number, <10-%, sets the value to 0.0)
Default value: 0.0247

e Solid conduction data

W-7 (R) :

W-8 (R) :

W-9 (1) :

CSGCMP

PAGCMP

HCGCMP

Constant Cs, (m™?2).
Acceptable range: 0.0 < CSGCSC <1000.0
Default value: 1.189x10! (Ross and Stoute model [45])
(a small number, <10-%, sets the value to 0.0)

Apparent interfacial pressure in the point of contact pa, (Pa).

0 < PAGCMP < 1000: the interfacial pressure is defined by the TF with
number PAGCMP. The table gives pa in (Pa) versus time (s). The values
obtained from the TF are limited by a minimum of 0.0 Pa and a
maximum of 10*2 Pa.

—-1000 < PAGCMP < 0: the interfacial pressure is defined by the CF with
number [PAGCMP|. The function gives pa in (Pa) versus time (s). The
values obtained from the CF are limited by a minimum of 0.0 Pa and a
maximum of 10*2 Pa.

PAGCMP > 1000: The interfacial pressure is constant and equal to
PAGCMP.

PAGCMP <-1000: The interfacial pressure is calculated from dynamic
expansion model. It is equal to zero if the cladding inner radius is larger
or equal to the fuel outer radius. If the cladding inner radius, rc, is smaller
than the fuel outer radius, rio, then the cladding inner radius is assumed
to change due to elastic deformation The cladding elastic deformation
due to fuel rod expansion is equal to: dce = rio — rci. The interfacial
pressure is calculated from:

o =T
I

E
pa:r_' “Oce - Xp

Here rem is the cladding mean radius (m), r, is the inner radius of

cladding, ro is the outer radius of cladding, E is the Young modulus (Pa),

Xp is a user-defined multiplier XPGCMP (Word 11 below).

Acceptable range: PAGCMP<10* or reference to a TF or a CF

Default value: -1000.0 if the dynamic expansion is used,
0.0 otherwise

Indicator defining Meyer hardness of cladding, Hc, (Pa).

HCGCSC < 1000: The Meyer hardness is defined by the Tabular
Function with number HCGCSC. The table gives Meyer hardness in
(Pa) versus temperature (K). The values obtained from the Tabular
Function are limited by a minimum of 10° Pa and a maximum of 10%2,
HCGCSC > 1000: The Meyer hardness is constant and equal to
HCGCSC.

Approximate values for SS304 and Zircaloy are shown in Figure 2-21.
Acceptable range: 10°<H.<10%?, or reference to a Tabular Function
Default value: 1000x10° Pa
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W-10 (R) : XNGCMP Power n, (-), in the formula for hs.
Acceptable range: 0.0 < XNGCSC<5.0
Default value: 1.0 (Ross and Stoute model [45])

Meyer Hardness
2000 T T T
'R Legepd :
e 1 = 55304 TIK] TICl | 55-304 | Zircaloy
2 = fircaloy 298 25 1530 1950
373 100 1430 1110
1600 73 200 1300 1010
573 300 1180 800
673 200 1050 710
1400 773 500 920 650
873 600 300 500
973 700 650 350
,' 1073 800 560 200
' 173 300 440 50
£
&
"
§ o
2 \J
i
S \

—

A
- N

Wi

400
200 ©355-304
& Zircal oy
Q i J i A L
] 200 400 600

Terperature (fC)

Figure 2-21 Meyer hardness of SS-304 and Zircaloy

W-11 (R) : XPGCMP  User-defined multiplier Xp, (-), in the formula for p..
Acceptable range: 0.0 <XPGCSC<1.0
Default value: 1.0 (a small number, <10-%°, sets the value to 0.0)
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2.3.33 Record: 342XXX, Definition of Common Fuel Regions for Gap Calculations

XXX is the common fuel region for gap calculations (single fuel rod). The region numbers must be
consecutive. The common fuel rod regions are introduced for the following reason. If a fuel rod is
represented by several Solid Heat Conductors (there is an axial division of the fuel rods), then the gap
parameters, such as gas pressure and gas composition in the gap, are common for each such region.
Therefore the common fuel regions must reflect the axial nodalization of the fuel rods.

If the Radioactive Particle Transport Package is used, and the RT core regions are used (record
883000), the common fuel regions for cladding failure in the RT Package (records 8832XX) must be
consistent with the common fuel regions for gap calculations in the SC Package, defined in this record.
The maximum number of common fuel regions is NCRMSC = 200.

W-1(1): IICRSC(1) Fuel region number IICRSC(1) (defined in the record 340000) belongs
to the common fuel region XX. Gap pressure and gas composition will
be the same in the common fuel regions.

Acceptable range: must be one of the core regions defined in records
340000.
Default value: XX.

W-2 (1) : IICRSC(2) Fuel region number IICRSC(2) (defined in the record 340000) belongs
to the common fuel region XX. Gap pressure and gas composition will
be the same in the common fuel regions.

Acceptable range: must be one of the core regions defined in records

340000.
Default value: none
W-3(I): IICRSC(3) Fuel region number ICRSC(3) (defined in the record 340000) belongs

to the common fuel region XX. Gap pressure and gas composition will

be the same in the common fuel regions.

Acceptable range: must be one of the core regions defined in records
340000.

Default value: none

... until all members of the common fuel regions are defined. The maximum number of fuel regions
in a single common fuel region is 200. Several records with the same number may be entered. Data is
read in the order in which these records appear in the input.

2.3.34 Record: 343XXX, Composition of the Gap Gas

XXX is the common fuel region number, 1 < XXX < 200. The common fuel regions for fuel rods are
defined in the records 342XXX. The maximum number of the common fuel regions is NCRMSC =
200. The gas composition in the gap is defined in those records. The total number of entries in this
record must be a multiple of 2.

W-1(I): IGAS Gas number, (-). Must be one of the available gases. The built-in gases
are: 1 =H,, 2=He, 3=steam,4=N,, 5=0,, 6 = CO,.
Acceptable range: 1 <IGAS <NGASCV <NGMXFL =20
Default value: 2 (Helium)
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W-2 (R): CVCRSC Mole fraction of gas IGAS. If the sum of CVCRSC for all
noncondensables is not equal to one, then CVCRSC will be normalized
during input processing.

Acceptable range: 0.0 < CVCRSC(IGAS)<1.0
Default value: 0.0 (if no data is specified, assume 100% Helium)

2.3.35 Record: 344XXX, Reference Parameters of the Gap Gas

XXX is the common fuel region number, 1 < XXX < 200. The common fuel regions for fuel rods are
defined in the records 342XXX. The maximum number of the common fuel regions is NCRMSC =
200. The gas pressure in the gap is computed from:

Po
Py = f T
W-1(R): TOCRSC  Reference temperature of the gap gas, To (K).

Acceptable range: 270.0 < TOCRSC < 10,000.0
Default value: 300.0

W-2 (R): POCRSC  Reference pressure of the gap gas, po (Pa) at the reference temperature,
To.
Acceptable range: 1.0 <POCRSC < 1.0x10%
Default value: 1.0x10°

Ty is the current gas temperature in the gas plenum. The gas plenum is defined below. A CV fluid
temperature or SC/TC node temperature may be selected. If nothing is selected by default the
temperature of the gap node of the SC or TC listed as first on the common fuel region will be used.

W-3(I): IGP1SC  Indicator 1 of the gas gap plenum
=1: CV atmosphere or pool temperature defines the gap gas plenum
temperature.

=2: SC node number defines the gap gas plenum temperature.
=3: TC node number defines the gap gas plenum temperature.
Acceptable range: 1,2, and 3

Default value: 20r3.

W-4 (1) : IGP2SC  Region indicator 2. Defines CV, SC, or TC number.

if IGP1SC=1: CV reference number

if IGP1SC=2: SC reference number

if IGP1SC=3: TC reference number

Acceptable range: must be a valid reference number of a Control
Volume, 1-D, or 2-D Solid Heat Conductor.

Default value: SC or TC number which is first on the list for this
common region

W-5 (1) : IGP3SC  Region indicator 3

if IGP1SC=L1. 1= CV atmosphere, 2 = CV pool temperature
if IGP1SC=2: SC cell number
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if IGP1SC=3: TC cell number

Acceptable range:

if IGP1SC=1: lor2

if IGP1SC=2 1 <IGP3SC < No. of cells in SC IGP2SC
if IGP1SC=3 1 <IGP3SC < No. of cells in TC IGP2SC
Default value: gap cell of SCor TC

2.3.36 Record: 345000, Number of Integration Points for the Gap Calculations

In case of fuel-cladding centerline shift (FCCSSC>0.0) the overall gap conductance, hg, is computed
based on the local gap conductances, hg’(dg "), obtained for the local gap size, dy’, from the following
formula:

1%, oy ST
= [ T, @040 =5 30, 8, (0)]

gi:i.,[
N-1

The local gap size is obtained from (Figure 2-22):
dg '(gi) ~ Rc,i - Rf,o —A- COS(ei)

Approximation is good for gaps small compared to the cladding and fuel radii, dg « Rci = Rr.c.

FCCS5C=0 0=FCCS858C=<1 FCCS5C=1

d,"(z)=max

h,'[d;'(x)]

d'@=min 4 (=24,

It e C s SN AR 7 A TR | d4.'(0)=0
h,'[d;'(0)] h,'[2d,]

h,'[0]

I
d_=const

h_=f([d,]=const

Figure 2-22 Local gap size calculation for fuel-cladding centerline shift

W-1(1): NIGCMP  Number of integration points. The minimum number of points is 2. In
such case the local gap conductance is calculated in two points only, the
smallest gap (6 = 0) and the largest gap (@ = m). Influence of the number
of integration points is shown in Figure 2-23. It is seen that in practice
50 points are sufficient to obtain an accurate (N-independent value of
hgap. Figure 2-24 shows the effect of centerline shift on hggp. for several
different gap thickness. Note that the value of gap conductance for the
fuel-cladding centerline shift of 1.0 is between a factor of 2 and a factor
of 4 larger than the value for no shift.

Acceptable range: 2 <NIGCMP <1000
Default value: 100
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Effect of Number of Points - Gap size = 1.0 mm
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o
2 2,000
=
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S
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o
0 20
No. of points in calculation of gap canductance
Figure 2-23 Influence of number of points, N, on gap conductance hgap
Effect of Fuel-Cladding Centerline Shift
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Figure 2-24 Influence of centerline shift on gap conductance
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2.3.37 Record: 390XXX, Axial Conduction and Direct Contact Conduction

XXX is the Solid Heat Conductor reference number, 001 < XXX <999. This record activates the axial
heat transfer process for this 1-D Solid Heat Conductor. The maximum number of axial heat transfer
processes is 10 for a single 1-D Solid Heat Conductor and 100 for a single 2-D Conductor.

The axial heat conduction or direct contact heat transfer between two structures, i (the “current solid
heat conductor”, XXX) and j (the “other solid heat conductor”), is considered - Figure 2-25. The heat
transfer between the two solid heat conductors is calculated from:

T, T,
Qj=A Ri—j

Qi heat transferred between the solid heat conductors i and j, (W)
Aij area of contact between the solid heat conductors i and j, (m?)
Ti temperature of the solid heat conductor i (local or averaged - see Word 2 below), (K)
T temperature of the solid heat conductor j (local or averaged - see Word 2 below), (K)
Rij thermal resistance for the axial heat flow between the solid conductors i and j, (m?-K/W)
The thermal resistance for the heat flow is obtained from:

L 1 L

R =—+—+—

ki h j
Li length for axial conduction in the solid heat conductor i (input parameter X1AXSC)
ki thermal conductivity in the solid heat conductor i
Lj length for axial conduction in the solid heat conductor j (input parameter X2AXSC)
ki thermal conductivity in the solid heat conductor j
hij heat transfer coefficient at the point of contact of solid heat conductors i and j
W-1(I): JIAXSC  First indicator of the other solid heat conductor (j).

=1: 1-D Solid Heat Conductor (SC)

=2:  2-D Solid Heat Conductor (TC) - not used, transfer between 1-D
and 2-D can be defined in the records 490XXX

Acceptable range: 1

Default value: none
W-2(I): J2AXSC  Second indicator of the other solid heat conductor (j).
if JLAXSC=1: SC reference number
if JJAXSC=2: TC reference number - not used, transfer between 1-

D and 2-D can be defined in the records 490XXX
Acceptable range: must be a valid reference number of SC
Default value: none

W-3(I): ILIAXSC  Cell number for axial or direct contact heat conduction through the
current solid heat conductor, i.
>0:  cell number for direct contact heat transfer (Figure 2-25-b), see
Volume 3, discussion on direct contact heat transfer modeling.
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I2AXSC

X1AXSC

X2AXSC

IHAXSC

=0: axial heat transfer with all cells transferring heat to corresponding
cell or cells in the other solid heat conductor (Figure 2-25-a). If also
12AXSC = 0, then both solid heat conductors must have identical
nodalization.

Acceptable range: cell number or 0

Default value: none

Cell number for axial or direct contact heat conduction through the other
solid heat conductor, j.

>0:  cell number for direct contact heat transfer (Figure 2-25-b), see
Volume 3, discussion on direct contact heat transfer modeling.

=0: axial heat transfer with all cells transferring heat to corresponding
cell or cells in the other solid heat conductor (Figure 2-25-a). If also
I1IAXSC = 0, then both solid heat conductors must have identical
nodalization.

Acceptable range: cell number or 0

Default value: none

Length of the axial heat conduction (Figure 2-25) in the current solid
heat conductor, L (m).
Acceptable range: 0.0 < X1AXSC <10,000.0
Default values: half of the current SC length,  if ILAXSC=0
0.0 if ILAXSC>0

Length of the axial heat conduction (Figure 2-25) in the other solid heat
conductor, L; (m).
Acceptable range: 0.0 < X2AXSC <10,000.0
Default values: half of the other SC length, if 2AXSC=0
0.0 if 2AXSC>0

Pointer to a Tabular or Control Function that defines the direct contact
heat transfer coefficient, hi; (W/m2-K), or resistance, 1/hij (m?-K/W),
depending on MHAXSC (Word 10 below). If the number is positive,
then hij or 1/hij will be defined by a Tabular Function with the reference
number: IHAXSC. If the number is negative, then h;; or 1/hij will be
defined by a Control Function with the reference number: | IHAXSC| .
If the current value of the Tabular or Control Function is smaller or equal
to 0.0, there will be no resistance at the contact point (hi; = oo, 1/hij =
0.0). The value obtained from the Tabular or Control Function will be
internally limited to the range 10° - 10%°. If direct contact heat transfer
is implied (ILAXSC > 0 and 12AXSC > 0) then a very small contact
resistance may cause numerical instabilities. A minimum resistance of
1/hij; =103 m2-K/W is applied in case of SC-to-TC and TC-to-TC direct
contact. However, in case of SC-to-SC a special numerical procedure
allows smaller contact resistance. In such case the minimum resistance
is 1/hi; =10"° m?-K/W (see also description of NDISC, record 303XXX).
Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.
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AlAXSC

A2AXSC

MHAXSC

M1AXSC

Multiplier on the heat transfer area, (-). The area of heat transfer, Aij, is
automatically calculated by the code as the smaller of the areas of the
connected conductor cells multiplied by the corresponding multiplier.
A1AXSC is applied for the cell in the “current” SC (while A2AXSC is
applied to the “other” SC). Note that in case of axial heat transfer (heat
transfer perpendicular to the normal heat transfer in this conductor), the
cross-sectional area of the cell is used. In case of direct contact heat
transfer (heat transfer along the normal heat transfer in this conductor),
the area of boundary surface. The value obtained in this way is
multiplied by ALAXSC. NOTE: The user may also define the area
directly, by using the AXAXSC (W-15 below). In this case the
multipliers ALAXSC, A2AXSC will be ignored.

Acceptable range: 0.0 < AIAXSC < 10%°

Default value: 1.0

Multiplier on the heat transfer area, (-). The area of heat transfer, Ai; , is
automatically calculated by the code as the smaller of the areas of the
connected conductor cells multiplied by the corresponding multiplier.
A2AXSC is applied to the “other” SC (while A1AXSC is applied for the
cell in the “current” SC). Note that in case of axial heat transfer (heat
transfer perpendicular to the normal heat transfer in this conductor), the
cross-sectional area of the cell is used. In case of direct contact heat
transfer (heat transfer along the normal heat transfer in this conductor),
the area of boundary surface. The value obtained in this way is
multiplied by A2AXSC. NOTE: The user may also define the area
directly, by using the AXAXSC (W-15 below). In this case the
multipliers ALAXSC, A2AXSC will be ignored.

Acceptable range: 0.0 < A2AXSC < 10"

Default value: 1.0

Parameter affecting direct contact conduction:

=1: IHAXSC defines the heat transfer coefficient, hij (W/m?-K)
=2: IHAXSC defines the resistance, 1/hi; (m?-K/W)
Acceptable range: 1or?2

Default value: 1

Pointer to a material number which defines thermal conductivity in the
current solid heat conductor. If zero or no value is specified the
conductivity of the actual material, defined in the records 310XXX, is
used. If a positive value is defined then the thermal conductivity of the
material M1AXSC is used. For example, in case of a pebble bed model,
the actual material should represent the true material of a pebble, to get
a correct surface-to-center temperature difference. M1AXSC should be
an artificial material, which is used to define the effective conductivity
of the pebble bed, for example from Zehner-Schlunder or Robold
correlation (see VVolume 3, test PBR-k-eff).
Acceptable range: must be a valid reference number of a solid
material, defined in records 801XXX, 802XXX,
803XXX - see section 2.10).
Default value: 0
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W-13 (1) :

W-14 (1) :

W-15 (R) :
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M2AXSC

L1IAXSC

L2AXSC

AXAXSC

Pointer to a material number which defines thermal conductivity in the
other solid heat conductor. If zero or no value is specified the
conductivity of the actual material, defined in the records 310XXX, is
used. If a positive value is defined then the thermal conductivity of the
material M2AXSC is used. For example, in case of a pebble bed model,
the actual material should represent the true material of a pebble, to get
a correct surface-to-center temperature difference. M2AXSC should be
an artificial material, which is used to define the effective conductivity
of the pebble bed, for example from Zehner-Schlunder or Robold
correlation (see Volume 3, test PBR-k-eff).
Acceptable range: must be a valid reference number of a solid
material, defined in records 801XXX, 802XXX,
803XXX - see section 2.10).
Default value: 0

Option for the direct contact transfer (ILAXSC > 0 and 12AXSC > 0) in
the current solid heat conductor.

=0:  Cell-to-cell direct contact. The temperature T; is taken from the
cell ILAXSC. The calculated heat is removed/added to the cell ILAXSC.
=1: Global radial transfer. The temperature T; is equal to the average
temperature of the current solid heat conductor (mass-averaged or
volume-averaged, depending of IAVESC). The calculated heat is
distributed over all cells, proportionally to the cell volume or cell mass.
The input parameter ILAXSC is used only to determine the area for the
heat transfer. This option is intended to model the effective conductivity
of the pebble bed or prismatic blocks (see Volume 3, tests PBR-k-eff,

PMR-k-eff).
Acceptable range: Oor 1l
Default value: 0

Option for the direct contact transfer (ILAXSC > 0 and 12AXSC > 0) y
in the other solid heat conductor.

=0:  Cell-to-cell direct contact. The temperature T; is taken from the
cell 12AXSC. The calculated heat is removed/added to the cell I2AXSC.
=1: Global radial transfer. The temperature T; is equal to the average
temperature of the other solid heat conductor (mass-averaged or volume-
averaged, depending of IAVESC). The calculated heat is distributed
over all cells, proportionally to the cell volume or cell mass. The input
parameter 12AXSC is used only to determine the area for the heat
transfer. This option is intended to model the effective conductivity of
the pebble bed or prismatic blocks (see Volume 3, tests PBR-k-eff,

PMR-k-eff).
Acceptable range: Oorl
Default value: 0

Area of heat transfer, (m?). If zero or no value is entered, then the area is
calculated as the smaller value of the cell areas (multiplicity included):

Ant = MIN (Aceilsc1XALAXSC , Aceilsc2XA2AXSC )

If a positive value is entered, then the heat transfer area is equal to the
entered value:
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/\HT = AXAXSC

Acceptable range: 0.0 < AXAXSC < 10%
Default value: 0.0

W-16 () : KAXSC  Sequential number of the axial heat transfer process. If no value or zero
is entered, then the data are read sequentially - the first record 390XXX
in the input file is interpreted as containing the first axial transfer
process, the second record with this number the second heat transfer
process, etc.

Acceptable range: 1=1,2,..,6
Default value: none

Examples are shown in Figure 2-25. Further examples and discussion is included in Volume 3.

Cases (a) and (c) - cell-to-cell axial heat conduction

* SC-100 heat transfer to SC-200

* - cell-to-cell transfer for all cells

* - “axial” heat transfer - perpendicular to the normal conduction heat flow
* - conduction length: L = 0.5 m for SC-100, L=0.6 m for SC-200

* - contact h = TF-900

* SC  Cell-i Cell-j L-i L-j h
390100 1 200 0 0 0.5 0.6 900 * Input for SC-100

alternatively the following input may be defined for SC-200:
* SC  Cell-i Cell-j I-i  L-j h

390200 1 100 0 0 0.6 0.5 900 * Input for SC-200

*

If both records are present, then an error “double specification of axial transfer” - will be encountered.
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3
°

o2
e3

SC-100
I
®3

Figure 2-25 Axial conduction, direct contact between different SC
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Cases (b) and (d) - all cells (axial) to one cell (direct contact)

* SC-100: heat transfer to SC-200

* - all cells from SC-100 transfer heat to cell 5 of SC-200

* - “axial” heat transfer for SC-100, normal conduction heat flow in SC-200
* - axial conduction length: L = 0.5 m for SC-100, L=0.0 m for SC-200

* - contact h = TF-900

*

* sSC Cell-i Cell-j L-1i L-j h

390100 1 200 0 5 0.5 0.0 900 * Input for SC-100

alternatively the following input may be defined for SC-200:

* SC  Cell-i Cell-j L-i L-j h
390200 1 100 5 0 0.0 0.5 900 * Input for SC-200

*

If both records are present, then an error “double specification of axial transfer” - will be encountered.
Case (e) - all cells (axial) to one cell (direct contact)

* SC-100: heat transfer to SC-200

* - all cells from SC-200 transfer heat to cell 3 of SC-100

* - “axial” heat transfer - perpendicular to the normal conduction heat flow
* - conduction length: L = 0.5 m for SC-100, L=0.3 m for SC-200

* - contact h = TF-900

*

* SC  Cell-i Cell-j L-i  L-j h

390100 1 200 3 0 0.5 0.3 900 * Input for SC-100

Case (f) - single cell to single cell heat transfer

* SC-100: heat transfer to SC-200

* - outer cell of SC-200 transfer heat to cell 3 of SC-100

* - “radial” heat transfer

* - conduction length: L = 0.0 m for SC-100, L=0.0 m for SC-200

* - contact h = TF-900

*

* SC  Cell-i Cell-j L-i 1-j h

390100 1 200 3 3 0.0 0.0 900 * Input for SC-100

Example of pebble reactor. Inlet pipes passing through s reflector structure - Figure 2-26.
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Direct Contact Heat Transfer Test Time: T, K
SPECTRA 390008.0 s 200
260
PBEMR, inlet pipes through the graphite reflector 220

TED

700
[241]
620
580

500

SC-130

Figure 2-26 Example of SC-to-SC transfer (see Volume 3, PBMR-IP

Example input, linking SC-130, which represents space around the inlet channels and SC-120, which
represents the reflector, is shown below. This example case is discussed further in Volume 3.

*
* SC i§ L-i L-j h Al A2

390130 1 120 3 5 0.01 0.00 200 0 O * Axial heat transfer to SC-120, contact h = TF-200

605200 h-c (1), W/m/K
600200 0.0 10000.0
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Example of pebble reactor. pebble bed effective conductivity - Figure 2-27.

T

6743Kg

6059 K
5452 K
5621 K

5TTSK

598TK

Figure 2-27 Example of pebble bed heat transfer

Example input, linking SC-130, which represents the inner pebble ring, and SC-120, which represents
the outer pebble ring, is shown below. This example case is discussed further in Volume 3.

* sC i3 L-i L-j h Al A2
390130 1 120 3 5 0.01 0.00 200 0 O * Axial heat transfer to SC-120, contact h = TF-200

Example of prismatic reactor geometry. Effective conductivity for block-to-block transfer - Figure
2-28.

6743Kg

Figure 2-28 Example of prismatic block heat transfer

Example input, linking SC-130, which represents the inner prismatic block, and SC-120, which
represents the outer prismatic block, is shown below. This example case is discussed further in Volume
3.

*
* sC i3 L-i L-j h Al A2
390130 1 120 3 5 0.01 0.00 200 0 O * Axial heat transfer to SC-120, contact h = TF-200
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2.3.38 Record: 399000, Interpolation Factor for Boundary Temperature

W-1(R): FINTSC Interpolation factor. Used only if a boundary surface is linked to a
Control Volume (IVLLSC > 0 or IVLRSC>0) and at the same time the
boundary fluid temperature is defined by a Tabular or Control Function
(ITPLSC#0 or ITPLSC+0). In such case the value obtained from the
Tabular or Control Function is taken with the weighting factor of
FINTSC and the temperature in the Control Volume is taken with the
weighting factor of 1.0 — FINTSC.

Acceptable range: 0.0<FINTSC<1.0
Default value: 0.5

2.3.39 Examples of the 1-D Solid Heat Conductor Input Data

Example 1

As a first example, a cylindrical space, partly filled with water, is considered (Figure 2-29). Six 1-D
Solid Conductors are used to model the walls, roof and floor. The walls are divided into upper part
(above the liquid level) and lower part (below the liquid level). Thickness of all conductors is 1.0 m.
The conductors are modelled using 10 cells of equal size (0.1 m each). The heat transfer from the outer
side of the outer wall (SC-001 and SC-005) is modelled using Tabular Functions TF-005 and TF-006
for the heat transfer coefficient and the fluid temperature respectively. The heat transfer from the inner
side of the inner wall (SC-002 and SC-006) is modelled using the Tabular Functions TF-003 and TF-
004.

\ +1 1'00
x 3 11050
T 10.00 +10.00
218 1 +7.50
=
,,,,,,,,,,,, +5.00
< E—
61 4 5] 4+250
Y 0.00
ok 4 2050
5.00 -1.00
_ 500
15.00 .

Figure 2-29 Geometrical configuration for Solid Conductor example problem
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The heat transfer from the upper surface of the roof (SC-003) is modelled using the Tabular Functions
TF-001 and TF-002. The lower part of the floor (SC-004) is insulated.

The SC input data for the example problem is shown below. Note that the surface areas of SC-003 and
SC-004, which are equal to 2007, were entered with a fair accuracy. This was done to be consistent
with the view factors, needed when the thermal radiation models are applied for this configuration
(see section 2.6.9).

oo SC-001

305001 Outer wall, upper part

300001 2 5.0 15.0 7.5 0 * Main data : GEO,LEN, X0,ELEV, VER
310001 0.05 1 0.0 358.0 20 * Cell data : DX, MAT, Q, T
321001 001 * Left side : Vol

322001 000 0 005 006 * Right side: Vol, H, HTC, Tfluid
*

oo SC-002

305002 Inner wall, upper part

300002 2 5.0 4.0 7.5 0 * Main data : GEO,LEN, X0,ELEV, VER
310002 0.05 1 0.0 358.0 20 * Cell data : DX, MAT, Q, T
321002 000 0 003 004 * Left side : Vol, H, HTC, Tfluid
322002 002 * Right side: Vol

*

*o———mm— SC-003

305003 Roof

300003 1 628.31853 0.0 10.5 1 * Main data : GEO,LEN, X0,ELEV,VER
310003 0.05 1 0.0 358.0 20 * Cell data : DX, MAT, Q, T
321003 000 0 001 002 * Left side : Vol, H, HTC, Tfluid
322003 001 * Right side: Vol

*

*o———mm— SC-004

305004 Floor

300004 1 628.31853 0.0 -0.5 -1 * Main data : GEO,LEN, X0,ELEV, VER
310004 0.05 1 0.0 358.0 20 * Cell data : DX, MAT, Q, T
321004 000 * Left side : Vol

322004 001 * Right side: Vol

*

oo SC-005

305005 Outer wall, lower part

300005 2 5.0 15.0 2.5 0 * Main data : GEO,LEN, X0,ELEV, VER
310005 0.05 1 0.0 358.0 20 * Cell data : DX, MAT, Q, T
321005 001 * Left side : Vol

322005 000 0 005 006 * Right side: Vol, H, HTC, Tfluid
*

*o———mm— SC-006

305006 Inner wall, lower part

300006 2 5.0 4.0 2.5 0 * Main data : GEO,LEN, X0,ELEV,VER
310006 0.05 1 0.0 358.0 20 * Cell data : DX, MAT, Q, T
321006 000 0 003 004 * Left side : Vol, H, HTC, Tfluid
322006 001 * Right side: Vol

*

*

*o—————— Tabular Functions

* X y

600001 0.0 2000.00 * drywell-to-roof heat transfer coefficient
600002 0.0 415.00 * drywell (above roof) temperature

600003 0.0 2000.00 * drywell-to-inner wall heat transfer coefficient
600004 0.0 415.00 * drywell (left inner wall) temperature
600005 0.0 5.00 * outer wall-to-atmosphere heat transfer coefficient
600006 0.0 308.00 * atmosphere temperature
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As a second example a reactor core is modelled. The core consists of one hot rod and one average rod,
each of them is represented by five 1-D Solid Heat Conductors in the axial direction (Figure 2-30).
The hot rod is represented by SC-101 through SC-105. The average rod is represented by SC-201
through SC-205. The fuel regions and the common fuel regions are in such case defined as follows:

Fuel regions (total reactor core):

SC-101, SC-102, SC-103, SC-104, SC-105, SC-201, SC-202, SC-203, SC-204, SC-205

Common fuel regions:

o Common region 1 (hot rod):
SC-101, SC-102, SC-103, SC-104, SC-105

o Common region 2 (average rod):

SC-201, SC-202, SC-203, SC-204, SC-205

The hot rod and the average rod, shown in Figure 2-30, are made of 6 nodes. Nodes 1 - 4 represent
the fuel, node 5 represents the gap, node 6 represents the cladding. This is the case for all SC-s in
Figure 2-30. This is not a formal requirement; i.e. the gap node number may be different for different
fuel regions or even for the same common fuel region. The only requirement is that all nodes

representing the same gap must have the same thickness.

Hot Rod

Average Rod
1 Gap

| Fue Clad
SC-2010 e | o | o | o T
— (2] Lar] -t wy L=
& & L) & L5 L5
T T = T T T
= = =t = = =
SC202 9 o | o | o | o ®
— (2] Lar] -t wy L=
L5 L5 Lo L5 L5 L5
2| 0z = = = =
= = =t = = =
sc_203+ o | o | o ° T
— o~ Lol -+ wy k-]
& & L) & L5 L5
2| 2 2 2 2 2
= = =t = = =
SC-204 0 e | o | o | o T
— (2] Lar] -t wy L=
& & L) & L5 L5
T T = T T T
= = =t = = =
SC205 o | o | o | o
— (2] Lar] -t wy L=
& & L) & L5 L5
T 3| 5| 2|3 2
= = =t = = =

Gap Example | Fuel Clad
SPECTRA

SC-1019 ® ® L ® T
— o~ o -+ Lt k-
3 3 3 3 3 3
£ £ £ £ £ £

5C-102 ¢ o o L] ] [
— o~ o -+ Lt k-
b= b= b= - b= b=
£ £ £ £ £ £

sc_103+ o | o | o | o T
— ™~ L] -+ wi =
3 3 3 3 3 3
£ £ £ £ £ £

SC-104 9 ® ® L ® T
— o~ o -+ Lt k-
3 3 3 3 3 3
2 2 2 £ £ -

5C-105 ¢ o o L] [ ]
— o~ o -+ Lt k-
b= b= b= - b= b=
£ £ £ £ £ £

Figure 2-30 Example model for fuel and gap calculations

Listing of the input defining the fuel regions, the gap and all Solid Heat Conductors, is provided below.
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* FUEL REGIONS AND GAP MODEL DATA

*

* FUEL REGION DEFINITION

* Region: 1 2 3 4 5

* SC Node Gap SC Node Gap SC Node Gap SC Node Gap SC Node Gap
340000 1 101 O 1 1102 0 1 1103 0 1 1104 0 1 1 105 0 1
*

* Region: 6 7 8 9 10

* SC Node Gap SC Node Gap SC Node Gap SC Node Gap SC Node Gap

340000 1 201 O 1 12020 1 12030 1 1204 0 1 1 2050 1
*

* COMMON REGIONS

340201 1 2 3 4 5 * Hot rod

340202 6 7 8 9 10 * Average rod

*

* GAP DATA

*

341001 * GAP 1 - USE DEFAULTS

*

* SC 1-D SOLID HEAT CONDUCTOR DATA

*

305101 Hot rod, Level 1

305102 Hot rod, Level 2

305103 Hot rod, Level 3

305104 Hot rod, Level 4

305105 Hot rod, Level 5

*

* N

302101 1 * Hot rod, Level 1

302102 1 * Hot rod, Level 2

302103 1 * Hot rod, Level 3

302104 1 * Hot rod, Level 4

302105 1 * Hot rod, Level 5

*

* GEO L X0  ELEV VER  POWER

300101 2 0.5 0.0 2.25 0 1000 100 * Hot rod, Level 1
300102 2 0.5 0.0 1.75 0 1000 100 * Hot rod, Level 2
300103 2 0.5 0.0 1.25 0 1000 100 * Hot rod, Level 3
300104 2 0.5 0.0 0.75 0 1000 100 * Hot rod, Level 4
300105 2 0.5 0.0 0.25 0 1000 100 * Hot rod, Level 5
*

* Fuel

* dx mat power T nodes

310101 0.0005 101 1.0 500.0 1 * Hot rod, Level 1
310102 0.0005 101 1.0 500.0 1 * Hot rod, Level 2
310103 0.0005 101 1.0 500.0 1 * Hot rod, Level 3
310104 0.0005 101 1.0 500.0 1 * Hot rod, Level 4
310105 0.0005 101 1.0 500.0 1 * Hot rod, Level 5
*

* Fuel

* dx mat power T nodes

310101 0.001 101 1.0 500.0 3 * Hot rod, Level 1
310102 0.001 101 1.0 500.0 3 * Hot rod, Level 2
310103 0.001 101 1.0 500.0 3 * Hot rod, Level 3
310104 0.001 101 1.0 500.0 3 * Hot rod, Level 4
310105 0.001 101 1.0 500.0 3 * Hot rod, Level 5
*

* Gap

* dx mat power T nodes

310101 0.001 001 0.01 500.0 1 * Hot rod, Level 1
310102 0.001 001 0.01 500.0 1 * Hot rod, Level 2
310103 0.001 001 0.01 500.0 1 * Hot rod, Level 3
310104 0.001 001 0.01 500.0 1 * Hot rod, Level 4
310105 0.001 001 0.01 500.0 1 * Hot rod, Level 5
*

* Cladding

* dx mat power T nodes

310101 0.001 102 0.01 500.0 1 * Hot rod, Level 1
310102 0.001 102 0.01 500.0 1 * Hot rod, Level 2
310103 0.001 102 0.01 500.0 1 * Hot rod, Level 3
310104 0.001 102 0.01 500.0 1 * Hot rod, Level 4
310105 0.001 102 0.01 500.0 1 * Hot rod, Level 5
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*
*

322101
322102
322103
322104
322105
*

305201
305202
305203
305204
305205

*
*

302201
302202
302203
302204
302205

*
*

300201
300202
300203
300204
300205

*
*
*

310201
310202
310203
310204
310205

*
*
*

310201
310202
310203
310204
310205

*
*
*

310201
310202
310203
310204
310205

*
*
*

310201
310202
310203
310204
310205

*
*

322201
322202
322203
322204
322205

*

*

605100

*

600100

220

Right CV

100

100

100

100

100
Average rod,
Average rod,
Average rod,
Average rod,
Average rod,
N

1000 *

1000 *

1000 *

1000 *

1000 *

GEO L X0
2 0.5 0.0
2 0.5 0.0
2 0.5 0.0
2 0.5 0.0
2 0.5 0.0

Fuel
dx mat
0.0005 101
0.0005 101
0.0005 101
0.0005 101
0.0005 101
Fuel
dx mat
0.001 101
0.001 101
0.001 101
0.001 101
0.001 101
Gap
dx mat
0.001 001
0.001 001
0.001 001
0.001 001
0.001 001
Cladding
dx mat
0.001 102
0.001 102
0.001 102
0.001 102
0.001 102
Right CV
100
100
100
100
100
Power table
t (s)
-1000.0
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Level
Level
Level
Level
Level

Average rod,
Average rod,
Average rod,
Average rod,
Average rod,

ELEV
.25
.75
.25
.75
.25

loNeN N

power

[ =N S
oo oo

power

[ = S
oo oo

power

.01
.01
.01
.01

o O o o

power

.01
.01
.01
.01

o O o o

g w N

Relative power

1.0

Level 1
Level 2
Level 3
Level 4
Level 5
VER POWER
0 500 100
0 500 100
0 500 100
0 500 100
0 500 100
T nodes
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1
T nodes
500.0 3
500.0 3
500.0 3
500.0 3
500.0 3
T nodes
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1
T nodes
500.0 1
500.0 1
500.0 1
500.0 1
500.0 1
No.
1

* ok A ok ok

* ok ok ok * ok ok * * ok b ok * * A ok ok * * Ak ok *

PO S S

Hot
Hot
Hot
Hot
Hot

rod,
rod,
rod,
rod,
rod,

Average
Average
Average
Average
Average

Hot
Hot
Hot
Hot
Hot

Hot
Hot
Hot
Hot
Hot

Hot
Hot
Hot
Hot
Hot

Hot
Hot
Hot
Hot
Hot

rod,
rod,
rod,
rod,
rod,

rod,
rod,
rod,
rod,
rod,

rod,
rod,
rod,
rod,
rod,

rod,
rod,
rod,
rod,
rod,

Average
Average
Average
Average
Average

Level
Level
Level
Level
Level

g wN

rod, Level
rod, Level
rod, Level
rod, Level
rod, Level

Level
Level
Level
Level
Level

G wN

Level
Level
Level
Level
Level

G W N

Level
Level
Level
Level
Level

O W N

Level
Level
Level
Level
Level

O W N

rod, Level
rod, Level
rod, Level
rod, Level
rod, Level

g W N

g wN
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2.4 2-D Solid Heat Conductor Input Data

2.4.1 Records: 400XXX, 2-D Solid Heat Conductor Main Data

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat
Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used).

W-1(I): IGEOTC  Geometry type, (-).
IGEOTC=1: rectangular geometry,
IGEOTC=2: cylindrical geometry,
Acceptable range: 1, 2.

Default value: none.
W-2 (R): SIZETC  Size of solid conductor. The interpretation depends on the geometry
type.
IGEOTC=1: length (z-coordinate) of the 2-D structure, (m),
IGEOTC=2: not used.
Acceptable range: 0.0 < SIZETC < 10%.
Default value: none.
W-3 (R): X0TC Left side coordinate. The interpretation depends on the geometry type.
IGEOTC=1: not used,
IGEOTC=2: inner radius of the cylinder, (m),
Acceptable range: 0.0 < X0TC < 10%,
Default value: 0.0.
W-4 (R) : ELEVTC Elevation of highest point of the conductor, (m). In case of a horizontal

cylinder this is the elevation of the cylinder axis - Figure 2-31.

Acceptable range: all real numbers (note that the elevations of these
boundary cells that transfer heat to Control VVolumes
must lie within the elevations of the corresponding
Control VVolumes).

Default value: 0.0.

W-5(1): IVERTC  Vertical orientation of conductor, (-), see Figure 2-31.
Rectangular geometry:
IVERTC=0: x-y surface is horizontal, z-coordinate is vertical
IVERTC=1: x-y surface is vertical, z-coordinate is horizontal, y-
coordinate is vertical down
Cylindrical geometry:

IVERTC=0: vertical cylinder (z-coordinate is vertical)
IVERTC=1: horizontal cylinder ( z-coordinate is horizontal)
Acceptable range: 0,1

Default value: 0
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Rectangular Geometry
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Figure 2-31 Vertical orientations of 2-D Solid Heat Conductors

W-6 (R) : POWRTC Internal power source, (W). In order to obtain the current internal source,
the value of POWRTC is multiplied by the time dependent multiplier
defined by IPOWTC (word 7) and by the constant multiplier POWMTC
(word 9), if present.

Acceptable range: —10'° < POWRTC < 10%.
Default value: 0.0.

W-7 (1) : IPOWTC Pointer to a Tabular Function which defines the internal power
multiplier. If the number is equal to zero, then internal power source is
constant, and equal to POWRTC (Word 6). If the number is positive,
then the internal power multiplier will be defined by the Tabular
Function IPOWTC. If itis negative, the multiplier will be defined by the
Control Function | IPOWTC|. No lower or upper limit is imposed on
the value obtained from Tabular or Control Function (thus negative
power source is allowed). If there is no internal power source
(POWRTC=0.0) then IPOWTC must also be equal to zero.

Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.

W-8 (R) : HINCTC Inclination of nearly horizontal tubes, (degree). Tubes that have small
inclination should be modelled as horizontal (IVERTC=1, see Word 5
above) with HINCTC > 0.0°. The value is used by the condensation
model.

Acceptable range: 0.0° <HINCSC <20.0°.
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Default value: 0.0°.

W-9 (R): POWMTC Constant power multiplier. The constant power multiplier is introduced
to have an easy way of defining for example axial power profile.
Acceptable range: —10'° < POWMTC < 10%
Default value: 1.0

2.4.2 Records: 401000, TC Groups - General Data

W-1(1): KGRPTC Default TC group number. TC groups are introduced for editing; at the
end of input processing volumes and masses of all materials is printed
for each TC group. TC groups may be used to check the volumes and
masses of materials in primary system, secondary system, etc.
Acceptable range: 1 <KGRPTC< 10
Default value: 1

2.4.3 Records: 401XXX, Initial and Transient Temperatures

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat
Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used).

This record is optional. All entries from this record have their default values, recommended for general
application.

W-1(I): INTTC Initial temperature calculation indicator.

1 Initial temperature distribution is calculated. If this option is
selected, the program calculates the temperature distribution
performing conduction calculation with a large (4/=10% s) time
step. In rare cases convergence failure may be encountered when
performing the initial step. Usually it is good to ignore the
convergence failure, since the calculated initial temperatures are
typically better than could be obtained by manual initialization.
The convergence failure can be ignored, by setting IACSFL
(Word 8 in record 920000 - see section 2.16.5).

2: Input values (Words 4 in records 310XXX) are used. Use this
option also if temperatures should be read from an Initial
Condition File - ICF (section 2.16.3).

Acceptable range: 1, 2.

Default value: 2.

W-2 (R): ITYPTC  Transient temperature calculation indicator.
1 Temperatures are time independent; that means the initial
temperatures are kept through the transient.
2: Transient temperatures are calculated from the conduction
equation (normal TC type).
Acceptable range: 1, 2.
Default value: 2.
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W-3(I): IGRPTC  TC group number.TC groups are introduced for editing; at the end of
input processing volumes and masses of all materials is printed for each
TC group. TC groups may be used to check the volumes and masses of
materials in primary system, secondary system, etc.
Acceptable range: 1<IGRPTC<10
Default value: KGRPTC (defined in record 401000)

2.4.4 Records: 402XXX,  Multiplicity of the 2-D Solid Heat Conductor

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat
Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used).

W-1(R): XMLTTC Multiplicity of the 2-D solid conductor. This is the number of solid
conductors that are identical to the conductor XXX. If XMLTTC<0 then
multiplicity will be time-dependent and defined by a Control Function
with reference number |-XMLTTC|.

Acceptable range: 0.0 < XMLTTC < 10% or CF reference number
Default value: 1.0.

245 Records: 405XXX, Name of the 2-D Solid Heat Conductor

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat
Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used).

W-1(A) : NAMETC User defined name, length up to 50 characters. The name is read as a 50
character string, starting from the first non-blank character after the
record identifier. There must be at least one blank character, separating
the name from the record identifier.

Acceptable range: any string of up to 50 characters.
Default value: 50 "underline” characters: " " .

2.4.6 Records: 410XXX, Number of Cells of the 2-D Solid Heat Conductor

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat
Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used).

W-1(1): NCLXTC Number of cells in x-direction (horizontal direction in rectangular
geometry and radial direction in cylindrical geometry).

Acceptable range: 2 < NCLXTC < 51. (The maximum value is 51
rather than 50 because it is convenient to use odd
number of cells rather than even. Since the first and
the last cell is often half filled - see example 1 in
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Figure 2-32 - it is easier to nodalize a structure with
equidistant nodes.)
Default value: none.

W-2 (1) : NCLYTC Number of cells in y-direction (vertical direction in rectangular geometry
and axial direction in cylindrical geometry).
Acceptable range: 2 <NCLYTC <51.
Default value: none.

2.4.7 Records: 411XXX, Cell Sizes - x-direction

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat
Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used).

W-1(R): CELXTC The size of half-cell, x-row number 1, (m). Since the SPECTRA code
(D) considers all cells as consisting of four identical quarter-cells, the input
parameter is the half-cell size, rather than a total size. Note that each cell
can be totally filled with material (full cell), partly filled (half-cell,
quarter-cell, three-quarter-cell) or empty (see section 2.4.9).
Acceptable range: 0.0 < CELXTC(1) <10%.

Default value: none.
W-2 (R): CELXTC The size of half-cell, x-row number 2, (m).
2 Acceptable range: 0.0 < CELXTC(2) <10%.
Default value: none.
W-3(R): CELXTC  The size of half-cell, x-row number 3, (m).
3 Acceptable range: 0.0 < CELXTC(2) <10%.
Default value: none.

... etc. until all NCLXTC cell sizes are specified.

2.4.8 Records: 412XXX,  Cell Sizes - y-direction

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat
Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used).

W-1(R): CELYTC The size of half-cell, y-row number 1, (m).
@ Acceptable range: 0.0 < CELYTC(1) <10%.
Default value: none.
W-2 (R): CELYTC The size of half-cell, y-row number 2, (m).
#)) Acceptable range: 0.0 < CELYTC(2) <10%.
Default value: none.
W-3 (R) : CELYTC The size of half-cell, y-row number 3, (m).

K6223/24.277594 MSt-2402 225



SPECTRA Code Manuals - Volume 2: User’s Guide

€)) Acceptable range: 0.0 < CELYTC(2) <10%.
Default value: none.

... etc. until all NCLYTC cell sizes are specified.

2.4.9 Records: 413XXX,  Cell Types

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat
Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used).

W-1(1): L Row number in y-direction. The following data must specify NCLXTC
values of cell types in the y-row number L
Acceptable range: 1 <L <NCLYTC.

Default value: none.
W-2 (1) : ITOOTC Cell type for cell (1,L), (x-row 1, y-row L), (-).
(1,L) The input entry ITOOTC consists of four digits; each digit specifies the

filling of each of the four quarter-cells.
ITOOTC = abcd, where:

a - upper-left quarter-cell.
b - upper-right quarter-cell.
c - lower-left quarter-cell.
d - lower-left quarter-cell.

Each of the digits is equal to O if the quarter cell is empty, and equal to
1 if the quarter-cell is filled with material.
Acceptable range: (see Figure 2-32)
0000 (empty cell), 1111 (full cell)
0001, 0010, 0100, 1000 (quarter-cells)
0011, 0101, 1010, 1100 (half-cells)
1110, 1101, 1011, 0111 (three-quarter-cells)
1001, 0110 (two separate quarter-cells)
For each quarter-cell of a given cell, it is required
that a filled quarter-cell must be adjacent to a filled
quarter-cell in the neighboring cell, while an empty
quarter cell must be adjacent to an empty quarter-
cell in the neighboring cell. For example, the second
and the third cell in the top row on the left side of
Figure 2-32 cannot be neighboring cells in a real 2-
D Heat Conductor. (Note that the left side of Figure
2-32 shows definitions of cell types, arranged in
rows of similar cells. The rows do not represent any
particular structures, like the ones shown in the
Example 1 and 2, on the right side of Figure 2-32.)
Default value: 0000 .

W-3(1): ITOOTC(2,1) Cell type for cell (2,L), (x-row 2, y-row L), (-).

W-4 (1) : ITOOTC(3,1) Cell type for cell (3,L), (x-row 3, y-row L), (-).
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.., etc., until all NCLXTC cells are defined for a given row. Figure 2-32 shows definitions of the
cell types and two examples of simple 2-D structures, together with the corresponding cell type
definitions.

Example 1
Quarter-cells Temperature node *-TOW
| LI 1 2 3 4 5
‘ . . * . 1 . .
ITOOTC = 1000 0100 0010 0001 3 2 | ¢ i e B el
-3 . . ..‘ . v .
Halt-cells B | I
| 4 . .
| Woliiw,
. . o . AT v
‘ I I I I f Heat transfer (or insulation) boundary
ITOOTC = 1010 0101 1100 0011 Insulation (symmetry boundary)

Cell type map (ITOOTC):
K=1 2 3 4 5
Three-quarter-cells L= 1 0101 1010 0000 0000 0000

T t ‘ i 2 0101 1011 0011 0011 0100
. | . L . 3 0101 1110 1100 1100 1000
T 1 T 4 0101 1010 0000 0000 0000

ITOOTC = 1011 0111 1110 1101 .
Example 2
X-TOW
1 2, 3
Other cells 1 [
1 . [ e |
| | | | |
: L . | _
| | _\ I_ | 5 2 L] L] * - Insulation (symmetry boundary)
- I e o
ITOOTC = 0000 1111 1001 1110 "3 L . . : Heat transfer (or insulation)
|

Cell type map (ITOOTC):
K= 1 2 3
L=1 1110 1101 1111
2 1011 0110 1101
3 1111 1011 0111

Figure 2-32 Cell type definitions and examples of 2-D structures.

2.4.10 Records: 414XXX, Material Data

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat
Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used).

W-1(1): L Row number in y-direction. The following data must specify NCLXTC
values of material identifiers for all cells in the y-row number L
Acceptable range: 1 <L <NCLYTC.

Default value: none.
W-2 (1) : MATITC Pointer to a material number for cell (1,L), (x-row 1, y-row L), (-).
(a,L) The cell in x-row 1, y-row L is assumed to be composed of a single

material defined by this word.

Acceptable range: must be a valid reference number of a solid material
(defined in records 801XXX, 802XXX, 803XXX -
see section 2.10). For an empty cell (ITOOTC=0000)
zero must be entered.
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W-3 (1) : MATITC
(2L)

W-4 (1) : MATITC
B.L)

Default value: none.

Pointer to a material number for cell (2,L), (x-row 2, y-row L), (-).
The cell in x-row 2, y-row L is assumed to be composed of a single
material defined by this word.

Pointer to a material number for cell (3,L), (x-row 3, y-row L), (-).
The cell in x-row 3, y-row L is assumed to be composed of a single
material defined by this word.

.., etc., until material data is defined for all NCLXTC cells in a given row.

2.4.11 Records: 415XXX,

XXX is the 2-D Solid Heat

Internal Power Distribution

Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat

Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used).

W-1 (1) : L

W-2 (I) : QFRCTC
(L)

W-3(I) : QFRCTC
(2.L)

W-4 (1) ; QFRCTC
GB.L)

Row number in y-direction. The following data must specify NCLXTC
values of internal power for all cells in the y-row number L.

Acceptable range: 1 <L <NCLYTC.

Default value: none.

Relative power density in the cell (1,L), (x-row 1, y-row L), (-).

The values are relative and may be scaled by any factor. The values will

be normalized during the input processing so that the total internal power

source of the conductor is always equal to POWRTC multiplied by the

value of the Tabular or Control Function | IPOWTC | (if used). If the

internal power source, POWRTC, is greater than zero, then QFRCTC

must be greater than zero for at least one cell. If the internal power

source, POWRTC, is equal to zero, then QFRCTC must be equal to zero

for all cells.

Acceptable range: 0.0 < QFRCTC < 10% For an empty cell
(ITOOTC=0000) zero must be entered.

Default value: none.

Relative power density in the cell (2,L), (x-row 2, y-row L), (-).

Relative power density in the cell (3,L), (x-row 3, y-row L), (-).

.., etc., until relative power fractions are defined for all NCLXTC cells in a given row.

2.4.12 Records: 416XXX,
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XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat
Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used).

W-1(I): L Row number in y-direction. The following data must specify NCLXTC
temperatures for all cells in the y-row number L
Acceptable range: 1 <L <NCLYTC.

Default value: none.
W-2(1): TCELTC Initial temperature in the cell (1,L), (x-row 1, y-row L), (-).
(1,L) Used only if INTTC=2 (see section 2.4.3).

Acceptable range: 273.0 < TCELTC < 10,000.0. For an empty cell
(ITOOTC=0000) zero must be entered.

Default value: none.
W-3(I): TCELTC Initial temperature in the cell (2,L), (x-row 2, y-row L), (-).
(2,L) Used only if INTTC=2 (see section 2.4.3).
W-4 (1) : TCELTC Initial temperature in the cell (3,L), (x-row 3, y-row L), (-).
(3,L) Used only if INTTC=2 (see section 2.4.3).

.., etc., until initial temperatures are defined for all NCLXTC cells in a given row.

2.4.13 Records: 420XXX, Boundary Conditions

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. The 2-D Solid Heat
Conductor reference numbers, XXX, need not be consecutive. The maximum number of 2-D Solid
Heat Conductors is 20 (10 if the RT Package is used). The maximum number of boundary cells for
each 2-D Solid Heat Conductor is 200.

W-1(I): K Row number in x-direction. The data in this record defines boundary
conditions for the boundary cell (K, L), (x-row K, y-row L).
Acceptable range: 1 < K < NCLXTC. The cell (K, L) must be a
boundary cell, i.e. it cannot be an empty cell
(ITOOTC=0000), or afilled cell (ITOOTC=1111).
Default value: none.

W-2 (1) : L Row number in y-direction. The data in this record defines boundary
conditions for the boundary cell (K, L), (x-row K, y-row L).
Acceptablerange: 1 < L < NCLYTC. The cell (K, L) must be a
boundary cell, i.e. it cannot be an empty cell
(ITOOTC=0000), or a filled cell (ITOOTC=1111).
Default value: none.

W-3(I): IQXBTC Indicator for heat transfer in the x-direction (r in cylindrical geometry).
=-1: heat transfer in the x-direction not allowed.
=+1: heat transfer in the x-direction allowed.
The use of IQXBTC and IQYBTC (below) allows some flexibility in the
definition of boundary conditions for the cells which have boundaries in
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IQYBTC

IVLBTC

IHTBTC

both x and y directions (such as for example the quarter-cells, or the
three-quarter-cells, shown in Figure 2-32).

Acceptable range: 1QXBTC =-1, or IQXBTC = +1.

Default value: +1.

Indicator for heat transfer in the y-direction (z in cylindrical geometry).
=-1: heat transfer in the y-direction not allowed.

=+1: heat transfer in the y-direction allowed.

The use of IQYBTC and IQXBTC (above) allows some flexibility in the
definition of boundary conditions for the cells which have boundaries in
both x and y directions (such as for example the quarter-cells, or the
three-quarter-cells, shown in Figure 2-32).

Acceptable range: 1QYBTC =-1, or IQYBTC = +1.

Default value: +1.

Control Volume number for convective heat transfer. The value
specifies the Control VVolume, which is associated with the boundary cell
(K, L), (x-row K, y-row L). If zero is entered, then the boundary cell
surface is either insulated, or the convective heat transfer coefficient and
the fluid temperature are specified by Tabular or Control Functions
(defined by words 6 and 7 below). If IVLBTC>0, then heat is transferred
to/from the CV using the standard heat and mass transfer package (see
Volume 1). It is also possible to overrule the use of the standard heat and
mass transfer package, and use a Tabular or Control Function (defined
by word 6 below) to determine the heat transfer coefficient. Also the
fluid temperature can be altered by a Tabular or a Control Function, by
using the Word 7 below. In such case the value obtained from the
Tabular or Control Function will be taken with weighting factor of 0.5,
and the true (Control Volume) fluid temperature will be taken with the
weighting factor of 0.5. If the heat transfer coefficient or the fluid
temperature are defined by Tabular or Control Functions, then only heat
transfer will occur on the surface, mass transfer (boiling/condensation)
will not be calculated.

Acceptable range: must be a valid reference number of a Control

Volume, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function defining the convective heat
transfer coefficient (HTC) at the surface of the boundary cell (K, L), (x-
row K, y-row L). If zero then the HTC is calculated by the code for the
thermal-hydraulic conditions taken from the volume IVLBTC (Word 1).
If the value is positive, the heat transfer coefficient will be defined by
the Tabular Function IHTBTC. If it is negative, it will be defined by the
Control Function | IHTBTC| . The units of the quantities obtained from
the Tabular or Control Function are assumed to be (W/m%K). If the
obtained value is negative, it will be set to zero. If IHTBTC=0 then the
fluid temperature, needed to calculate the boundary heat flux, is taken
as:
- if IVLBTC>0 then the fluid temperature in Control Volume
IVLBTC is used.
- if ITPBTC+0 then the fluid temperature is given by a Tabular or
Control Function, defined by ITPBTC (word 4 below).

K6223/24.277594 MSt-2402



W-7 (1) :

W-8 (1) :

SPECTRA Code Manuals - Volume 2: User’s Guide

ITPBTC

IQRBTC

- if IVLBTC=0 and ITPBTC=0 then the fluid temperature is set to
300 K.
Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.
Default value: 0.

Pointer to a Tabular or Control Function defining the fluid temperature
at the boundary cell (K, L), (x-row K, y-row L). If the value is positive,
the fluid temperature will be defined by the Tabular Function ITPBTC.
If it is negative, it will be defined by the Control Function [1ITPBTC].
The units of quantity obtained from the Tabular or Control Function are
assumed to be (K). If the obtained value is negative, it will be set to zero.
If ITPBTC=0 and IVLBTC>0 (heat transfer to a Control Volume), then
the value obtained from the Tabular or Control Function will be used
with the weighting factor of FINTTC. The true fluid temperature (from
Control Volume) will be used with the weighting factor of 1.0-FINTTC.
Boiling and condensation models will be disabled by setting CSFBTC
to —1.0 and ICNBTC to —4. In the past the input combination of
IPTBTC=0 and IVLBTC>0 was used to perform temperature averaging
for heat exchangers. Currently it is not recommended to use this method.
A more elaborate temperature averaging model has been developed, and
is available through input records 425XXX (see section 2.4.14).
Acceptable range: must be a valid reference number of a Tabular, or a
Control Function, if non-zero.
Default value: 0.

Indicator for non-convective heat flux at the boundary cell (K, L), (x-
row K, y-row L). The heat flux defined by this pointer is used only on
the uncovered part of the cell (above water level). With this pointer a
user can model in a simple way radiative heat transfer. If the net
enclosure thermal radiation model is used, and this cell surface is
associated with one of the radiating surfaces (section 2.6.3), then this
parameter must not be used. The meaning is as follows:

IQRBTC>1000:

A simple radiation model between the cell (K, L) surface and
atmosphere gas is used to determine the non-convective heat transfer.
The grey gas model is used, the atmosphere is assumed to be opaque (the
reason for assuming opaque atmosphere is discussed in Volume 3). The
heat flux is equal to:

q=&(, )Tt -T2)

where &(Ty) is the wall emissivity, ¢ is the Stefan-Boltzmann constant,
Tw, Tg are the wall and gas temperatures respectively. The emissivity is
obtained from the Tabular Function number: (IQRBTC — 1000). The
argument for the Tabular Function is the wall surface temperature, (K).

0<IQRBTC<1000:
The heat flux is obtained from the Tabular Function number IQRBTC.
The units of the quantities obtained from the Tabular Function are
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INCBTC

DNCBTC

IFCBTC

DFCBTC

assumed to be: (W/m?). Positive heat flux means that the heat is emitted
from the surface.

IQRBTC<0:

The heat flux is obtained from the Control Function —IQRBTC. The

units of the quantities obtained from the Control Function are assumed

to be: (W/m2). Positive heat flux means that the heat is emitted from the

surface.

Acceptable range: must be a valid reference number of a Tabular or a
Control Function, if non-zero.

Default value: 0.

Configuration indicator for natural convection at the boundary cell (K,
L), (x-row K, y-row L). The value is used only when IVLBTC is positive.
The meaning of this variable is as follows:
Rectangular geometry: 0 vertical wall,

-1 horizontal wall facing down,

+1 horizontal wall facing up.
Cylindrical geometry: 0 vertical cylinder,

-1 horizontal cylinder, inside,

+1 horizontal cylinder, outside.
Default values are provided for each geometrical configuration, based
on cell surface orientation. If the cell has a boundary surface in both
vertical and horizontal directions (such as for example the quarter-cells,
or the three-quarter-cells, shown in Figure 2-32), then a vertical surface
is assumed. The default value can always be overridden by user's input.
Acceptable range: -1, 0, +1.
Default value: depending on the cell free surface orientation.

Characteristic dimension for natural convection at the boundary cell (K,

L), (x-row K, y-row L), (m). The value is used only when IVLBTC is

positive and no alternative liquid is used. For the alternative liquid the

forced convection correlation is selected by Word 24 (IHCBTC).

Acceptable range: 0.0 < DNCBTC < 10%,

Default value: height, for rectangular geometry, inner or outer
diameter for the cylindrical geometry cells.

Configuration indicator for forced convection, as well as the nucleate
boiling model and the model for critical heat flux calculation. The value
is used only when IVLBTC is positive. The meaning of this variable is
as follows:

-1 internal flow, Chen correlation for nucleate boiling, Zuber and
USSR Academy of Science models for critical heat flux
calculations (Zuber for non-flow, USSR A. S. for flow
conditions).

+1  external flow, Rohsenow correlation for nucleate boiling, Zuber
model for critical heat flux calculation.

Acceptable range: -1, +1.

Default value: -1

Characteristic dimension for forced convection at the boundary cell (K,
L), (x-row K, y-row L), (m). The value is used only when IVLBTC is
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IFBBTC

DFBBTC

ICNBTC

positive. Best estimate value is provided for each geometrical

configuration. Thus the value need not be entered or may be entered as

zero. The value of DFCBTC should be equal to: for internal flow -
hydraulic diameter; for external flow - width (rectangular wall).

Acceptable range: 0.0 < DFCBTC < 10%.

Default value: RECTANGULAR geometry (IGEOTC=1):
x-coordinate total length, if cell has horizontal
boundary surface, y-coordinate total length, if cell
has vertical boundary surface (or vertical and
horizontal).

CYLINDRICAL geometry (IGEOTC=2):

inner diameter (2.0xROTC) for the inner cylindrical
surfaces; outer diameter for the outer cylindrical
surfaces as well as the flat surfaces.

Configuration indicator for film boiling. The value is used only when

IVLBTC is positive. The meaning of this variable is as follows:

0  vertical surface,

+1  horizontal cylinder,

-1 horizontal plate, facing down,

+1  horizontal plate, facing up.

Acceptable range: -1 <IFBBTC < +1.

Default value: depend on boundary surface orientation. If the cell
has the boundary surface in both vertical and
horizontal directions (such as for example the
quarter-cells, or the three-quarter-cells, shown in
Figure 2-32), then the surface is interpreted as
vertical.

Characteristic dimension for film boiling, (m). The value is used only
when IVLBTC is positive. A best estimate value is provided for each
geometrical configuration. Thus the value need not be entered or may be
entered as zero. The value of DFBBTC should be equal to: for vertical
walls - height; for horizontal plates - width; for cylinders and spheres -
diameter.

Acceptable range: 0.0 < DFCBTC < 10%.

Default value: height, for rectangular geometry, inner or outer

diameter for the cylindrical geometry cells.

Configuration indicator for condensation. The value is used only when
IVLBTC is positive. The meaning of this variable is as follows:
-4 condensation model disabled (the same for ICNBTC<-4)
-3 condensation on horizontal wall facing up,
-2  condensation on horizontal wall facing down,
-1  condensation inside horizontal tubes,
0  condensation on vertical walls,
1 condensation on outside surface of horizontal tube.
>2  condensation on outside surface of horizontal tube bank.
ICNBTC is equal to the number of vertical rows of tubes.
Acceptable range: all integers.
Default value: depends on the boundary surface orientation. If the
cell has the boundary surface in both vertical and
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horizontal directions (such as for example the
quarter-cells, or the three-quarter-cells, shown in
Figure 2-32), then the surface is interpreted as
vertical.

DCNBTC Characteristic dimension for condensation, (m). The value is used only

CSFBTC

when IVLBTC is positive. The value of DCNBTC should be equal to:
for vertical walls (or cylinders) - wall height; inside horizontal tubes -
inner diameter; outside surface of horizontal tubes or tube banks - outer
diameter; horizontal walls facing up - maximum film thickness
(equilibrium thickness of water layer with free fall of liquid at the edges
of the wall). The condensation type is defined by ICNBTC (word 15).
In case of condensate flow through a stack of cells the characteristic
dimension of the cell number k in the stack (counting from the top)
should be defined as follows:

DCNBTC(k) — (ZBOZT (k)(k) : ;TOP EE; ]

where: Zsor(K) distance from the bottom of the cell (K, L) to
the top of the stack, (m),
Zror(K) distance from the top of the cell (K, L) to the
top of the stack, (m).

If the height of each cell in the stack is identical then the above formula
reduces to:

DCNBTC (k) = (k4 — (k =1)*'* ' %
where: H - total height of the wall, (m),
N - number of cells in the stack.

The ratio: (H/N) is the height of a single conductor in the stack. Note that
only for k=1 DCNBTC is equal to the physical height of the conductor,
(HIN). For k>1 DCNBTC is greater than (H/N). For k=N DCNBTC is
always greater than the total wall height, H.

Acceptable range: 0.0 < DCNBTC < 10%,

Default value: depends on boundary surface orientation. If the cell
has the boundary surface in both vertical and
horizontal directions (such as for example the
quarter-cells, or the three-quarter-cells, shown in
Figure 2-32), then the surface is interpreted as
vertical.

The constant Cs in the Rohsenow equation for nucleate boiling (see
Volume 1). The values of Cg for different surfaces are given in table
below. Entering a negative value will disable the full boiling model.
Acceptable range: all reals.

Default value: 0.013.
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Table 2-17 Values of Cg for Rohsenow correlation.

Surface type Cst Surface type Cst
Nickel 0.0060 Platinum 0.0130
Ground and polished stainless steel 0.0080 Brass 0.0060
Teflon pitted stainless steel 0.0058 Polished copper 0.0128
Chemically etched stainless steel 0.0133 Lapped copper 0.0147
Mechanically polished stainless steel 0.0132 Scored copper 0.0068
W-18 () : MCFBTC Critical heat flux model selection. The value is used only when IVLBTC
> 0.
1 Zuber pool boiling correlation with lvey-Morris correction for
subcooling.
2 Combination of model based on USSR Academy of Sciences
CHF look-up tables for high flow, with Zuber and Ivey-Morris
for low flow.
3 Combination of Biasi correlation for high flow, with Zuber and
Ivey-Morris for low flow.
4 Groeneveld (1986) look-up tables.
<0 CHF is calculated by a user-defined Control Function with the
number | MCFBTC|.
Acceptable range: 1, 2, 3 or reference to a Control Function
Default value: 2.
W-19 (1) : MNCBTC Selection of model for the influence of non-condensable gases for

W-20(R):  CFDBTC

condensation. The value is used only when IVLBTC is positive and

ICNBTC is greater than -2. The meaning of this variable is as follows:

1 Kuhn-Shrock-Petersen (KSP) correlations - recommended for
condensation on the inside surface of tubes,

2 Ogg correlations,

3 Modified Ogg correlations - recommended for condensation on
the outside surface of tubes, plates, etc.

Acceptable range: 1,2, 3.

Default value: 3.

Indicator of condensate film drainage behavior.

If the value is positive then CFDBTC is the height of the cell. The
elevation of the lowermost point of this surface is equal to the elevation
of the cell center minus CFDBTC/2.0. The drainage from this surface is
either deposited in the pool of a CV (if the lowest point of the surface is
immersed in pool), or converted to droplets and suspended in the
atmosphere of a CV as "rain" drops (if the lowest point of the surface is
not immersed in the pool).

If the value is negative then the drainage is assumed to be deposited on
a surface of another (lower) cell of the same 2-D Solid Conductor. The
absolute value of CFDBTC must then be equal to the number of a
boundary cell at the bottom of the stack. Note that the boundary cell
number must be used. The cell numbers and boundary cell numbers are
internally assigned by the program, and therefore the user must look-up
the boundary cell number in the boundary cell numbering map, printed
in the SPECTRA output of the TC data.
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The use of the drainage parameter, CFDBTC, and the condensation
characteristic dimension, DCNBTC, in case of individual and stacked
conductors is illustrated in Figure 2-33 (see also Volume 3). The half-
cell size all cells is assumed to be 0.05 m. The appropriate values of
DCNBTC and CFDBTC are shown in Table 2-18.

Acceptable range: if CFDBTC<0.0 then the boundary cell No.

Default value:

|CFDBTC| must be connected to a Control
Volume (not necessarily equal to IVLBTC),

if CFDBTC>0.0 then the bottom elevation of the
left surface (center point elevation minus
CFDBTC/2.0) must be within the boundary Control
Volume.

the default value is set to twice the distance between
the center point of the left surface and the bottom of
the boundary Control Volume. That value will result
in deposition of condensate always in the pool. This
is done to avoid numerical problems, and time step
reduction, when condensate is converted into
droplets.

W-21 () : IHDBTC Indicator of CV flow direction relative to the cell (K, L). Used only for
rectangular geometry (IGEOTC=1). The meaning is:
For vertical TC's (IVERTC=0):
0:  CV horizontal flow is parallel, vre = (VevwerHevnord) Y2,
1: CV horizontal flow is perpendicular, Vvic = Vevyer.
For horizontal SC's (IVERSC<>0):
0:  CV vertical flow is parallel, vre = (VevwerHevnord) Y2,
1: CV vertical flow is perpendicular, VTe = Vever
For cylindrical geometry always: vic = (Vevyer’+Vevnor’) 2,
Acceptable range: 0, 1.
Default value: 0.
Case (A) Case (B)
0001[ 0002 | 0003 0001] 0002 | 0003
{0001 Jooo1
0004 0005 0006
(Jooo4] 0005 0006 {10002] 0003
0002
| ]
0007] 0008 0009 |[{0007| 0008
i 0003 — 0004
S g |
> = || [ooo9[ 0010
QO 0010] 0011 0012 @] I]0005{ 0006
0004
0013| 0014 | 0015 Joor
0005 1//Jooo7
i sl ook
cell No.
boundary cell No.
Figure 2-33 Condensation example cases (A) and (B). The half cell size is 0.05 m.
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Table 2-18 Values of DCNBTC and CFDBTC for the example cases (A) and (B).
Bnd. Case (A) Case (B)
Cell DCNBTC CFDBTC DCNBTC CFDBTC
1 ((0.05%* — 0.00%#)/(0.05-0.00))* = 0.050 —0006 ((0.05%% — 0.00%#)/(0.05-0.00))* = 0.050 -0002
2 ((0.15%% — 0.05%4)/(0.15-0.05))* = 0.236 —0006 ((0.15%% — 0.05%#)/(0.15-0.05))* = 0.236 0.05
3 ((0.25%% — 0.15%#)/(0.25-0.15))* = 0.484 —0006 ((0.05%% — 0.00%#)/(0.05-0.00))* = 0.050 —0005
4 ((0.35%% — 0.25%#)/(0.35-0.25))* = 0.730 —0006 ((0.15%% — 0.05%#)/(0.15-0.05))* = 0.236 —0005
5 ((0.45%* — 0.35%4)/(0.45-0.35))* = 0.975 —0006 ((0.20%* — 0.15%4)/(0.20-0.15))* = 0.426 0.05
6 ((0.50%% — 0.45%#)/(0.50-0.45))* = 1.159 0.05 ((0.05%% — 0.00%#)/(0.05-0.00))* = 0.050 -0008
7 - ((0.15%* — 0.05°)/(0.15-0.05))* = 0.236 —0008
8 ((0.20% — 0.15%4)/(0.20-0.15))" = 0.426 0.05
W-22 (1) : THTBTC Contact angle, 0, (degree). Used to determine the diameter of bubbles
created during nucleate boiling: D = 0.0208-6-(c/g/(piiq-pgas) )2
Acceptable range: 10° < THTBTC <180°.
Default value: 96° .
W-23 (R) : XRBBTC Multiplier for convective heat transfer, Xrs.
XRBBTC<0.0: HTC is multiplied by [ XRBBTC]| in both natural and
force convection. It may be used to obtain a conservative estimation of
heat transfer.
XRBBTC>0.0: HTC is multiplied by XRBBTC only in case of turbulent
forced convection (FC-TUR), internal flow (IFCBTC = -1). It is
intended to allow the user to define a rod bundle multiplier in forced
convection:
Nu,,, = X g 0.023 Re®® Pr®*
Appropriate values for parallel flow and cross-flow may be found in
literature. The ratio of pitch over diameter is a good approximation (see
Volume 1, description of forced convection correlations):
Xee=P/D
For tube arrangements other than equilateral triangle pitch, the multiplier
is given by:
P-P
X - — ( 1D2 2 j
Note that the rod bundle multiplier may be different for different fluids.
For example, for the liquid metals the value may even show different
tendency (see Volume 1, description of liquid metals correlations):
X s =1—exp[-3.8-(P/D-1)]
Acceptable range: 0.0 <|XRBBTC| < 10°
Default value: XRBBHT
(global activator, defined in the record 810020)
W-24 (1) : IHCBTC  Selection of heat transfer correlation for alternative fluid.
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Acceptable range: one of the correlations defined in records 843XXX
or 843YYY
Default value: rectangular: 1, cylindrical: 2.

2.4.14 Records: 425XXX, Heat Exchanger Temperature Averaging

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. These records may be
used to model a heat exchanger. If these records are used, then an averaging procedure will be applied
to calculate the representative fluid temperature at the TC cell surface. The representative fluid
temperature will be equal to the weighted average of the inlet and outlet fluid temperatures. Note that
if the temperature averaging is not used, then the representative fluid temperature is always equal to
the fluid temperature in the boundary volume, which means it is equal to the outlet temperature. As
shown in Volume 3, when the temperature-averaging concept is not used, a large number of nodes
(~100) may be required to obtain accurate results. With the temperature averaging the same accuracy
may be obtained using only a few nodes. An example of the temperature averaging is shown below -
see Figure 2-34 and the corresponding discussion.

Inlet Junction Data:

W-1(1): i1 Boundary cell number. Using 11 and 12 (below) the user specifies the
cell range for which the temperature averaging data defined in this
record will be applied. The temperature averaging data will be applied
for the boundary cells IBC: 11 < IBC < 12.

Acceptable range: must be an existing boundary cell number.
Default value: none.

W-2(I): 12 Boundary cell number. Using 12 and 11 (above) the user specifies the
cell range for which the temperature averaging data defined in this
record will be applied. The temperature averaging data will be applied
for the boundary cells IBC: 11 < IBC < 12.

Acceptable range: must be an existing boundary cell number. 12 > I1.

Default value: none.
W-3(I): JTABTC  Junction reference number of the inlet Junction on the “primary” side
Q) (the side of the heat exchanger adjacent to cells 11 - 12).

Acceptable range: must be a Junction connected to the boundary
Control VVolume of all cells 11 - 12, if non-zero.

Default value: none.
W-4 (R) : WTABTC Limiting mass flow in the inlet Junction JTABTC(1) for full
1) temperature averaging (Wra. in Figure 2-16 (a) ). Applied when there is

a flow through JTABTC(2) into IVLBTC and there is no flow through
KTABTC(1) - normal flow direction on both primary and secondary
side. The temperature of the fluid entering through the Junction
JTABTC(1) will be used with maximum weighting factor if the mass
flow at the Junction is larger than WTABTC(1) (Wi > WTABTC(1) ).
Generally speaking, WTABTC(1) is a flow for which the temperature
distribution in the boundary Control Volume is approximately linear,
provided that there is flow in through JTABTC(1) and there is no flow
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KTABTC
@)

XTABTC
@)

LTABTC
@)

JTABTC
@

WTABTC
@

in through KTABTC(1). Roughly, this number can be viewed as a
nominal flow through the heat exchanger.

Acceptable range: 10 < WTABTC(1) < 10%.

Default value: none.

Junction reference number of the outlet Junction on the “secondary”

side (the side adjacent to cell LTABTC(1) ).

Acceptable range: must be a Junction connected to the boundary
Control Volume of the cell LTABTC(1), if non-
zero.

Default value: none.

Limiting mass flow in the Junction KTABTC(1) for full temperature
averaging (Xra. in Figure 2-16 (c) ). Applied when there is flow through
JTABTC(1) into the CV adjacent to cells I11 - 12 and simultaneously
there is flow through KTABTC(1) into the CV adjacent to LTABTC(1)
- normal flow direction on the primary side, reversed secondary side
flow. The temperature of the fluid entering through the Junction
KTABTC(1) will be used with maximum weighting factor if the mass
flow at the Junction is larger than XTABTC(1) (Wi > XTABTC(1) ).
The input entries KTABTC(1) and XTABTC(1) allow the user to
change the averaging weighting factors when flow conditions in the heat
exchangers change, for example when a counter-current flow becomes
co-current. Typically the temperature averaging is needed in counter-
flow conditions, while it is not needed in co-flow conditions. This can
be achieved by setting XTABTC(1) to a large number (for example
XTABTC(1)=10°). Generally speaking, XTABTC(1) is a flow for which
the temperature distribution in the boundary Control Volume is
approximately linear, provided that there is flow in through JTABTC(1)
and KTABTC(1).

Acceptable range: 1072° < XTABTC(1) < 10%.

Default value: none.

Reference boundary cell number for the “secondary” side.
Acceptable range: must be an existing boundary cell number.
Default value: none.

Outlet Junction Data:

Junction reference number of the outlet Junction on the “primary” side

(the side of the heat exchanger adjacent to cells 11 - 12).

Acceptable range: must be a Junction connected to the boundary
Control VVolume of all cells I1 - 12, if non-zero.

Default value: none.

Limiting mass flow in the outlet Junction JTABTC(2) for full tempera-
ture averaging (Wra. in Figure 2-16 (b) ). Applied when there is flow
through JTABTC(2) into the CV adjacent to the cells 11 - 12 and there is
no flow through KTABTC(2) into CV adjacent to LTABTC(2) -
reversed flow on the primary side, normal flow on the secondary side.
The temperature of the fluid entering through the Junction JTABTC(2)
will be used with maximum weighting factor if the mass flow at the
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Junction is larger than WTABTC(2) (Wi > WTABTC(2) ). Generally
speaking, WTABTC(2) is a flow for which the temperature distribution
in the boundary Control Volume is approximately linear, provided that
there is flow in through JTABTC(2) and no flow in through

KTABTC(2).
Acceptable range: 10° < WTABTC(2) < 10%.
Default value: none.
W-10 () : KTABTC Junction reference number of the outlet Junction on the “secondary”
2 side.

Acceptable range: must be a Junction connected to the boundary
Control Volume of the cell LTABTC(1), if non-

zero.
Default value: none.
W-11 (R) : XTABTC Limiting mass flow in the outlet Junction KTABTC(2) for full
2 temperature averaging (XraL in Figure 2-16 (d) ). Applied when there is

in-flow through JTABTC(2) and simultaneously there is in-flow through
KTABTC(2) - reversed flow on both primary and secondary side. The
temperature of the fluid entering through the Junction JTABTC(2) will
be used with maximum weighting factor if the mass flow at the Junction
is larger than XTABTC(2) (Wsn > XTABTC(2) ). The input entries
KTABTC(2) and XTABTC(2) allow the user to change the averaging
weighting factors when flow conditions in the heat exchangers change,
for example when a counter-current flow becomes co-current. Typically
the temperature averaging is needed in counter-flow conditions, while it
is not needed in co-flow conditions. This can be achieved by setting
XTABTC(2) to a large number (for example XTABTC(2)=10%).
Generally speaking, XTABTC(2) is a flow for which the temperature
distribution in the boundary Control Volume is approximately linear,
provided that there is flow in through JTABTC(2) and KTABTC(2).
Acceptable range: 107° < XTABTC(2) < 10%.

Default value: none.

The concept of the temperature averaging is essentially the same as in case of 1-D Solid Heat
Conductors, and can be visualized using the Figure 2-16. The only modification being the SC-01
replaced by TC-01. The 2-D model may be needed to take into account shape changes in the direction
perpendicular to the flow, for example a finned wall shown in Figure 2-34.

The example shown here is very similar to the 1-D example. The nominal flow is again 100.0 kg/s on
both left and right side; the temperature averaging in the co-current flow is avoided by using a large
number (10°). The input deck for TC-01 (Figure 2-34) is shown below.

* INLET JUNCTION OUTLET JUNCTION

* I1 I2 JTABTC WTABTC KTABTC XTABTC LTABTC JTABTC WTABTC KTABTC XTABTC LTABTC

425001 1 1 011 100.0 022 1.0E+6 10 012 1.0E+6 022 100.0 10 * Primary
425001 3 3 011 100.0 022 1.0E+6 10 012 1.0E+6 022 100.0 10 * Primary
425001 5 5 011 100.0 022 1.0E+6 10 012 1.0E+6 022 100.0 10 * Primary
425001 7 7 011 100.0 022 1.0E+6 10 012 1.0E+6 022 100.0 10 * Primary
425001 9 9 011 100.0 022 1.0E+6 10 012 1.0E+6 022 100.0 10 * Primary

*
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425001 2 2 021 100.0 012 1.0E+6 1 022 1.0E+6 012 100.0 1 * Secondary
425001 4 4 021 100.0 012 1.0E+6 1 022 1.0E+6 012 100.0 1 * Secondary
425001 6 6 021 100.0 012 1.0E+6 1 022 1.0E+6 012 100.0 1 * Secondary
425001 8 8 021 100.0 012 1.0E+6 1 022 1.0E+6 012 100.0 1 * Secondary
425001 10 10 021 100.0 012 1.0E+6 1 022 1.0E+6 012 100.0 1 * Secondary

Compared to the 1-D heat conductors, the extra input includes cell identifiers I1, 12, and the “other
side” cell identifier, LTABTC.

Using the cell identifiers 11, 12 one can specify a cell range and therefore limit the amount of input. In
the present example it is impossible to take advantage of that because no consecutive cells can be
found transferring heat to the same Control VVolume. Therefore the input above consists of five lines
for each heat exchanger side. If the cells were numbered differently (by horizontal rows rather than
vertical) only two lines would be needed, first with 11=1, 12=5, specifying data for the primary side
(CV-10), and second with 11=6, 12=10, specifying data for the secondary side (CV-20). The user
however, cannot affect the cell numbering. The cells are numbered internally by the SPECTRA code.
The code optimizes the numbering scheme in order to minimize the computational effort, i.e. to
minimize the size of the band diagonal matrix that needs to be solved for a 2-D Solid Heat Conductor
(see Volume 1). In the case shown in Figure 2-34 the band size is smaller (2) when cells are numbered
vertically, than it would be (5) if the cells were numbered horizontally.

In the present example cell 10 is used arbitrarily as the secondary side identifier. This choice is
arbitrary; it could be any of the cells facing CV-20 (cells 2, 4, 6, 8). For the primary side identifier the
cell 1 is used; again it could be any of the cells facing CV-10 (3, 5, 7, 9).

Note that the limiting flow for T-A is affected by the multipliers CMN1TC, CMN2TC, defined in
record 460XXX (section 2.4.18). Generally one should make sure that the limiting flows, Wra,
approximately fulfil the relation:

(\NTACD )primary ~ (VVTACP )secondary

The multipliers will then assure proper temperature averaging in case the flow on the primary side
becomes very different from the flow on the secondary side.

2-D Solid Heat Conductor - Example 3

SPECTRA
Time:
1000.0 s
16.7 min
03hr TE
400
90
330
& am
350
V10 350
340
b 330
5@7 320

Figure 2-34 Temperature averaging for a 2-D Solid Heat Conductor.
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2.4.15 Records: 450XXX, Boundary Fluid Temperature Calculation

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX <999. This record describes the
boundary fluid temperature calculation in case of intensive boiling. This record is optional. All entries
from this record have their default values, recommended for general application.

W-1 (1) : K
W-2 (1) ; L
W-3(I) : IBPTTC

242

Row number in x-direction. The data in this record defines boundary

conditions for the boundary cell (K, L), (x-row K, y-row L).

Acceptable range: 1 < K < NCLXTC. The cell (K, L) must be a
boundary cell, i.e. it cannot be an empty cell
(ITOOTC=0000), or a filled cell (ITOOTC=1111).

Default value: none.

Row number in y-direction. The data in this record defines boundary
conditions for the boundary cell (K, L), (x-row K, y-row L).
Acceptablerange: 1 < L < NCLYTC. The cell (K, L) must be a
boundary cell, i.e. it cannot be an empty cell
(ITOOTC=0000), or a filled cell (ITOOTC=1111).
Default value: none.

Indicator for boundary fluid temperature calculation for pool-bubble
flow. Typically the pool temperature is used as boundary fluid
temperature for Solid Heat Conductors. In case of intensive boiling the
program assumes that bubbles rise up in a plume of relatively warm
water (see Volume 1). The water temperature in this plume is equal to
the local saturation temperature, and is therefore higher than the pool
average temperature, which is no higher than the saturation temperature
at the pool surface pressure. The indicator IBPTTC defines how the
program should determine whether the TC surface will be exposed to
the warm plume or to the relatively cold pool outside the plume. Three
factors may be used by the program: the void fraction factor, f,, the
temperature factor, fr, and the submergence factor, fz. Those factors are
defined as follows:

a) The void fraction factor, f,:

0.0 if a<aq
f,=<(B-2X)X? if ag<a<a,
1.0 if aza,

where a is the average void fraction in the pool, X is the interpolation
factor, equal to: X = (a—a1)/(a2—01), and the boundary values of void
fractions, oz, o, are defined below (words 2 and 3). Note that the cubic
interpolation is used, which ensures continuity of the function as well as
its first derivative.

b) The surface temperature factor, fr:
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0.0 if Too <T, +AT,
f. ={(B-2X)X?* if T, +AT, <T, <T,, +AT,
1.0 if To 2T, +AT,

where Trc is the surface temperature of the Solid Heat Conductor, Tin is
the liquid temperature at the pool-bubble interphase, X is the
interpolation factor, equal to:

X= (TTc—(TinH—A Tl))/((TinH-A Tz)—(Tim-i-A Tl)),

and the boundary values of AT are defined below (words 4 and 5).

¢) The surface submergence factor, f:

@B-2X)XZ if 0<Z<Z,,,
] 10 it 2y, <Z <ZypZoy
T|E-2x,)X] i Lol m < Z < Zpuonlma
0.0 if  Zyplme <Z

where Z is the TC submergence (equal to the distance between the pool
surface and the elevation of the middle point of this part of the TC which
is covered by water), Zuy, is the submergence of average bubble, X; and
X, are the interpolation factors, equal to:

X1= ZZow,

Xz = (Z-Zbub 'Zmz)/(zbub 'Zml'zbub 'ZZ)-

Values of the multipliers, Zm and Zm,, are defined below (words 6, 7).

The parameter IBPTTC defines which of the factors described above
should be used. The interpretation is as follows:

IBPTTC=-1: No factors are used. When surface is exposed to a
boiling pool, the boundary fluid temperature is always equal to the pool
temperature, Tpool (approximately equal to the saturation temperature for
the pressure at the pool surface).

T fid= T pool

IBPTTC=1: Only the void fraction factor is taken into account.
The boundary fluid temperature is calculated as:

Tfluid: Tpool+ (Tint' Tpool ) fa

where Tpeo is the pool average temperature, and Tiy is the liquid
temperature at the pool-bubble interphase (thus the warm plume
temperature, approximately equal to the saturation temperature for the
pressure at the elevation of average bubble).

IBPTTC=2: The void fraction factor and the temperature factor
are taken into account. The boundary fluid temperature is calculated as:

T fwia= Tpool+ (Tint' Tpool )( fa f‘r )
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IBPTTC=3: The void fraction factor and the submergence factor
are taken into account. The boundary fluid temperature is calculated as:

T fig= Tpool+ (Tint' Tpool)'( fa fz )

IBPTTC=4: All factors are taken into account. The boundary
fluid temperature is calculated as:

Tfluid: Tpool+ (Tint' Tpool )( fa fT fz )

Acceptable range: -1 <IBPTTC < +4.
Default value: +4. If IWATCV>0 (see section 2.1.31) then the
default value is —1.

ALPITC  Upper limit of void fraction to use only the pool temperature as the
boundary fluid temperature for the TC surface, a1, (-). Used if IBPTTC
(word 1 above) is positive. If the average void fraction in the pool is
below a then the Solid Heat Conductor surface is not exposed to the

warm plume.
Acceptable range: 10°<ALPITC<0.1.
Default value: 103,

ALP2TC  Lower limit of void fraction to use the warm plume temperature as the
boundary fluid temperature for the TC surface, oz, (-). Used if IBPTTC
(word 1 above) is positive. If the average void fraction in the pool is
above oy then the Solid Heat Conductor surface can be exposed to the
warm plume (depending on other conditions if they are applied).
Acceptable range: 2.0-ALP1TC < ALP2TC<0.5.
Default value: 0.05.

TSCL1TC  Upper limit of TC surface superheat to use only the pool temperature as
the boundary fluid temperature for the TC surface, 471, (K). Used if
IBPTTC (word 1 above) is equal to 2 or 4. If the TC surface temperature
is lower than the liquid temperature at the pool-bubble interphase (warm
plume temperature) plus TSC1TC, then the Solid Heat Conductor
surface is not exposed to the warm plume.
Acceptable range: 0.1 <TSC1TC<10.0.
Default value: 1.0.

TSC2TC  Lower limit of TC surface superheat to use the warm plume temperature
as boundary fluid temperature for the TC surface, 47>, (K). Used if
IBPTTC (word 1 above) is equal to 2 or 4. If the TC surface temperature
is higher than the liquid temperature at the pool-bubble interphase (warm
plume temperature) plus TSC2TC, then the Solid Heat Conductor
surface can be exposed to the warm plume (depending on other
conditions if they are applied).
Acceptable range: 2.0-TSCITC < TSC2TC <30.0.
Default value: 3.0.
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ZSCITC

ZSC2TC

Lower multiplier on bubble submergence to use the warm plume
temperature as the boundary fluid temperature for the TC surface, Zm,
(). Used if IBPTTC (word 1 above) is equal to 3 or 4. If the TC surface
submergence is smaller than the average bubble submergence multiplied
by ZSC1TC then the Solid Heat Conductor surface can be exposed to
the warm plume (depending on other conditions if they are applied).
Acceptable range: 1.0<ZSC1TC<10.0.

Default value: 2.0.

Upper multiplier on bubble submergence to use only the pool
temperature as the boundary fluid temperature for the TC surface, Znmo,
(-). Used if IBPTTC (word 1 above) is equal to 3 or 4. If the TC surface
submergence is larger than the average bubble submergence multiplied
by ZSC2TC then the Solid Heat Conductor surface is not exposed to the
warm plume.

Acceptable range: 1.2.ZSC1TC <ZSC2TC<15.0.

Default value: 40.

2.4.16 Records: 451XXX, Boundary Fluid Velocity Multiplier

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. This record is optional.
The velocity multiplier may be used for to account for own movement of structures, such as for
example rotor blades. In such case the relative velocity surface-to-gas velocity is different than the gas
velocity in a Control Volume. The user may take into account that difference using a Control Function
that depends on the rotational speed, etc.

W-1 (1) :

VLMBTC Velocity multiplier, Cy, for the boundary surface velocity calculation. If

a positive value is entered, the velocity multiplier is constant, and equal
to this value. If a negative value is entered, the velocity multiplier is
obtained from the Control Function equal to | VLMBTC/. An absolute
value of the number obtained from the Control Function is used.
Furthermore the value is limited to a maximum of 10%°.

The fluid velocity at the TC boundary surface is obtained from:

If IHDBTC=0 (Word 21, record 420XXX):

Vie =C, -/ Vv hor Vv ver
If IHDBTC=1, IVERSC=0 (vertical TC, Word 5, record 400XXX):
VSC = Cv 'VCV ver
If IHDBTC=1, IVERTC=0 (horizontal TC, Word 5, record 300XXX):
VSC = Cv : VCV,hor

Acceptable range: 0.0 <VLMLSC < 10%°
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or reference to a Control Function.
Default value: 1.0

2.4.17 Records: 452XXX, Limit for Simultaneous Transfer to Pool and Atmosphere

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999,

W-1(1): K Row number in x-direction. The data in this record defines boundary
conditions for the boundary cell (K, L), (x-row K, y-row L).
Acceptable range: 1 < K < NCLXTC. The cell (K, L) must be a
boundary cell, i.e. it cannot be an empty cell
(ITOOTC=0000), or a filled cell (ITOOTC=1111).
Default value: none.

W-2 (1) : L Row number in y-direction. The data in this record defines boundary
conditions for the boundary cell (K, L), (x-row K, y-row L).
Acceptable range: 1 < L < NCLYTC. The cell (K, L) must be a
boundary cell, i.e. it cannot be an empty cell
(ITOOTC=0000), or a filled cell (ITOOTC=1111).
Default value: none.

W-3(R): PMXBTC Critical (maximum) fraction of the boundary surface area covered by
pool to allow simultaneous heat transfer to pool and atmosphere. If no
value is given, simultaneous heat transfer to pool and atmosphere is
always possible. This may lead to too large condensation in some cases.
To eliminate it, the user may restrict the simultaneous heat transfer to a
situation when the pool-covered fraction is smaller than PMXBTC. This
input parameter is similar to CPFPL in the MELCOR code. An
interpolation zone is defined. The full transfer to gas occurs when the
pool fraction is below 0.9 of the critical value, a linear interpolation is
performed in the range between 0.9 and 1.0 times the critical value.
Acceptable range: 0.0<PMXBTC<1.0
Default value: 0.0.

As example of such situation is discussed in Volume 1. As a reference case, a fine nodalization is used
(Figure 2-17, left). Coarse nodalization and consequent too slow heat up due to artificial heat transfer
from atmosphere to pool through the solid structure is shown in Figure 2-17, middle. This is prevented
by using the critical pool fraction of 0.01 (Figure 2-17, right). The heat transfer from atmosphere to
pool is practically eliminated. However, a direct heat transfer still exists at the pool-atmosphere
interphase. Therefore it is advisable to eliminate the pool-atmosphere heat transfer at the same time
(input record 164XXX). This was done in the considered example.

2.4.18 Records: 460000, Global Data: Film Boiling, Slip Ratio, TA, Oxidation

Parameters defined in this record are applied for all 2-D Solid Heat Conductors.

W-1(R): AMFBTC First coefficient in the Simon Minimum Film Boiling correlation, Avrs,
(-). SPECTRA selects correlation that gives maximum value of the Tyes,
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BMFBTC

CMFBTC

TFMNTC

TFMXTC

XTRBTC

ASFBTC

therefore the Simon correlation may be deactivated by setting AMFBTC
and BMFBTC to small values.

Acceptable range: 0.0 < AMFBTC <1.0

Default value: 0.13.

Second coefficient in the Simon Minimum Film Boiling correlation,
Bwrs, (-).SPECTRA selects correlation that gives maximum value of the
Twes, therefore the Simon correlation may be deactivated by setting
AMFBTC and BMFBTC to small values.

Acceptable range: 0.0 <BMFBTC <2.0

Default value: 0.86.

Coefficient in the Berenson Minimum Film Boiling correlation, Cyes, (-
). SPECTRA selects correlation that gives maximum value of the Turs,
therefore the Berenson correlation may be deactivated by setting
CMFBTC to a small value.

Acceptable range: 0.0<CMFBTC<1.0

Default value: 0.127

Minimum value of the Minimum Film Boiling (MFB) temperature
minus the Critical Heat Flux (CHF) temperature: (Twrs — Terr), (K). The
MFB temperature, calculated from the Simon correlation is limited by
this word so that it will never be lower than Tcyr + TFMNTC.
Acceptable range: 5.0 < TFMNTC <1000.0

Default value: 5.0.

Maximum value of the Minimum Film Boiling (MFB) temperature
minus the Critical Heat Flux (CHF) temperature: (Tmes — Tere), (K). The
MFB temperature, calculated from the Simon correlation is limited by
this word so that it will never be higher than Tcre + TFMXTC.
Acceptable range: TFMNTC < TFMXTC <1000.0

Default value: 1000.0.

Coefficient in the Kalinin Transition Boiling correlation, Xrs, (-).
Acceptable range: 0.5 < XTRBTC <20.0
Default value: 7.0.

Correction for subcooling in the film boiling correlation, Ass, (-). In
case of a subcooled film boiling, the total heat flux is calculated from:

q=0g + ASFB 'hconv : (Tsat _Tfluid)

where Qs is the saturated film boiling heat flux and heon is the

convective heat transfer coefficient, calculated for the bulk liquid

temperature, Trig.

Acceptable range: 0.0<ASFBTC<2.0

Default value: 1.0 (based on comparison with results obtained
using RELAP5/MOD3.3).
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SMAXTC Maximum value of the slip ratio, ( Vousb / Vpool ), (-). Used for CHF

CMN1TC

calculations. The slip ratio which is used in the CHF correlation is equal
to the minimum of Viups / Vpoo aNd SMAXTC.

Acceptable range: 1.0 < SMAXTC <1000.0

Default value: 100.0.

Multiplier for the first (counter-current) Temperature Averaging (T-A)
mode. The nominal flows for the T-A on both primary and secondary
side of a heat exchanger are entered in the records 425XXX. If the flows
exceed the nominal flows, full T-A is performed. If flows are decreased
then also the T-A is decreased - see section 2.4.14. This treatment is
approximately correct if flow changes only on one side of the heat
exchanger. If the flow changes simultaneously on both sides of the heat
exchanger, then T-A should be used for flows much smaller than
nominal. This multiplier defines how much the limiting flow (typically
taken as the nominal flow) can be decreased when the flow on the other
side of a heat exchanger decreases.

The default value of 0.01 means that in nominal counter-flow conditions
full T-A will be performed if the flows decrease down to 1% of the
nominal flow, provided that they will decrease simultaneously on both
sides of the heat exchanger.

Generally the limiting flow on a given side of a heat exchanger is equal
to:

W

.| W i
W., = Min| —2- Max|W,,C,.., , W, —rerside
™ |:CMN1 [ TATME ™ WTA, otherside

CMN2TC

where W, is the limiting flow for full T-A, Cwn: is the factor CMN1TC,
WV, other sice 1S the limiting flow for full T-A on the other side, and Wotner
side 1S the current flow on the other side. Note that with this definition, the
limiting flow for T-A can be either decreased or increased, and the actual
value will always be within the range:

WTA

Wi Cpy Wiy <

MN1

The limiting flow will be small when the other side flow is small, and
large when the other side flow is large. This is the most appropriate
treatment of a heat exchanger, provided that the limiting flows, defined
in records 425XXX for both primary and secondary side, fulfil
approximately the relation:

(WTACP )primary ~ (\NTACP )sscondary

Acceptable range: 0.001 <CMNI1TC<1.0
Default value: 0.01.

Multiplier for the second (co-current) Temperature Averaging (T-A)

mode. Works the same as CMN1TC, but in case when the flow is co-
current. Default value means that CMN2TC is not used in co-flow
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VGLMTC

XTA,eff =

VLLMTC

conditions. It is recommended to disable T-A in co-flow by setting the
limiting flow to a large value - see section 2.4.14. In such case the value
of CMIN2TC is not very important. For consistency it should be equal to
1.0 when T-A is disabled.

Acceptable range: 0.001 <CMN2TC<1.0

Default value: 1.0.

Gas velocity limit, vgim (M/s), to switch off the Temperature Averaging
(T-A). Numerical problems may be encountered when T-A is used in
case of low velocities and changes of flow direction. To avoid this
problems the T-A is turned off when the velocity is smaller than the limit
defined by this word. An interpolation zone is defined for gas velocities
between VGLMTC and 2xVGLMTC.

Xia if v,>2v,,.

Xia -(vg _Vg,lm)lvg,lm if Voim <Vg < 2Vg,|m

0.0 if vy <Vgn

where Xra is the Temperature Averaging factor for full T-A, Xrae is the
effective T-A factor, vq is the gas velocity and vgm is the limiting gas
velocity, VGLMTC.

Acceptable range: 0.001 < VGLMTC < 100.0

Default value: 1.0

Liquid velocity limit, vim (m/s), to switch off the Temperature
Averaging (T-A). Numerical problems may be encountered when T-A
is used in case of low velocities and changes of flow direction. To avoid
this problems the T-A is turned off when the velocity is smaller than the
limit defined by this word. An interpolation zone is defined for liquid
velocities between VLLMTC and 2xVLLMTC.

Xia if v, >2v,,

Xopert =9 Xga -V =V IV 1F v <y <2v

IOXNTC

ISEQTC

0.0 if v, <v,,

where Xra is the Temperature Averaging factor for full T-A, Xrae is the
effective T-A factor, v; is the liquid velocity and vim is the limiting liquid
velocity, VLLMTC.

Acceptable range: 0.001 < VLLMTC <100.0

Default value: 0.1

Option for oxidation on surfaces not connected to Control VVolumes.
=1: oxidation is calculated on TC surfaces not connected to a CV. It will
be assumed that all oxidizing gases are always available at the surface.
=2: oxidation is disabled on TC surfaces not connected to a CV.
Acceptable range: 1,2

Default value: none

Indicator for multiple oxidation reactions.

=1: all oxidation reactions proceed simultaneously.

=2: dominant reactions: oxidation reactions proceed in sequence,
defined in records 480XXX. If there is enough oxidant (gas fraction >
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XLIMTC

IMPGTC

IAVETC

IQPLTC

XLIMTC) for the first reaction, only this reaction occurs. If not, second
reaction starts, then third, etc. This option is available because, according
to [52], reaction with oxygen dominates over reactions with steam and

nitrogen.
Acceptable range: 1,2
Default value: 1

Limit for dominant reactions. The default oxidation starvation limits are:
C10X =1.0x10*: full strength oxidation

CO0OX = C10X/10.0 = 1.0x10°: no oxidation

The default value of XLIMTC was selected approximately in the middle
of the interpolation zone, when the dominant reaction strength is reduced
roughly by half.

Acceptable range: 1.0x107 < XLIMTC < 1.0x1072

Default value: XLIMTC =C10X /2.0

Implicit/explicit use of gas concentration for oxidation calculations.
=1: implicit (end of time step value is used).

=2: explicit (beginning of time step value is used).

Acceptable range: 1lor?2

Default value: 1

Method used to calculate average TC temperature. In the SPECTRA
output and plot files, the average temperatures are given next to the cell
temperatures. This entry defines how the average temperature is
obtained.

=1: volume average: T= Z:Vi T, /Z:Vi

=2: mass-average: T= ZM‘ T, /ZMi

Here M;, Vi, Ti are the mass, volume and temperature of the cell i.
Acceptable range: 1lor2
Default value: 2

Power versus power density as plot parameters - Table 2-26.

=1: Power (W) is used as plot parameters: TC-XXX-Qcel-YYYY
=2: Power density (W/md) is used: TC-XXX-qcel-YYYY
Acceptable range: 1or?2

Default value: 1

2.4.19 Records: 465000, Hydraulic Diameter - TC Versus CV

W-1 (1) :

250

IDHDTC

Option to check consistency between the CV hydraulic diameter
(DHYDCYV) and the TC hydraulic diameter (DFCBTC).

=1: consistency is not required. If DFCBTC # DHYDCYV, then a
warning message is issued.

=2: consistency is required. If DFCBTC # DHYDCV, then an error
message is issued.

Acceptable range: 1,2
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Default value: 1

2.4.20 Records: 480XXX, Boundary Cell Oxidation Data

XXX is the Solid Heat Conductor reference number, 001 < XXX < 999. These records activate the
oxidation model on the boundary cell of a 2-D Solid Heat Conductor. Each surface can have several
different oxidation reactions associated with it, for example: a Zircaloy cladding may be oxidized by
steam, Zr+H-0, and oxygen, Zr+0O,. Maximum number of oxidation reactions is 5.

W-1 (1) :

W-2 (1) :

W-3 (R) :

W-4 (R) :

W-5 (1) :

K

XMTBTC

XOXBTC

Row number in x-direction. The data in this record defines oxidation
parameters for the boundary cell (K, L), (x-row K, y-row L).
Acceptable range: 1 < K < NCLXTC. The cell (K, L) must be a
boundary cell, i.e. it cannot be an empty cell
(ITOOTC=0000), or a filled cell (ITO0TC=1111).
Default value: none.

Row number in y-direction. The data in this record defines oxidation
parameters for the boundary cell (K, L), (x-row K, y-row L).
Acceptablerange: 1 < L < NCLYTC. The cell (K, L) must be a
boundary cell, i.e. it cannot be an empty cell
(ITOOTC=0000), or a filled cell (ITO0TC=1111).
Default value: none.

Initial thickness of material available for oxidation on the surface of the

2-D Solid Heat Conductor, (m).

Acceptable range: 0.0 < XMTBTC < half of the maximum thickness of
TC.

Default value: smaller dimension of the cell (K,L).

Initial thickness of oxidized material on the surface of the 2-D Solid Heat

Conductor, (m).

Acceptable range: 0.0 < XOXBTC < half of the maximum thickness of
TC.

Default value: 0.0.

IOXBTC(1) Oxidation reaction 1.

—1: Zr oxidation by steam, Cathcart model

—2: Zr oxidation by steam, Urbanic-Heidrich model

. Steel oxidation by steam, White model

Zr oxidation by O, Benjamin et al. model

=-5: Graphite oxidation by O,, Roes model

> 0: Oxidation model with user-defined coefficient set, number

IOXBTC. The user-defined coefficients are specified in records

8500XX, 8510XX, ..., where XX is the set number (see section 2.14.1).

Acceptable range: -5 < IOXBTC < 10, IOXBTC=0. If a positive
number is specified, then a user-defined oxidation
model must be defined in records 8500XX,
8510XX, ..., with XX=10XBTC.

Default value: none.

3

[ L T I |
|
w
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W-6 (1) : IOXBTC(2) Oxidation reaction 2. See above for description of available reactions.

Acceptable range: -5 < IOXBTC < 10, IOXBTC=0. If a positive
number is specified, then a user-defined oxidation
model must be defined in records 8500XX,
8510XX, with XX=I0XBTC. If several reactions
are specified, then they must be different, i.e.:
IOXBTC(i)=I0OXBTC()).

Default value: none.

W-7 (1) : IOXBTC(3) Oxidation reaction 3.
... etc. until all reactions are defined. The maximum number of oxidation reactions per surface is 5.

The example input below defines oxidation reactions for two surfaces. First, Zr oxidation by O, and
H.O for the 2-D Heat Conductor TC-100, left surface. The initial cladding thickness is 0.001 m. The
initial oxide thickness is 0.0 m. The built-in reaction models are used (model indicator = —4 for oxygen
reaction, and —1 for steam reaction, see section 2.14.1).

Second, steel oxidation by O, and H,O for the 2-D Heat Conductor TC-100, right surface. The initial
thickness of material which can be oxidized is 0.001 m. The initial oxide thickness is 0.0 m. For steel-
steam reaction the built-in model is used (model indicator = -3, see section 2.14.1). For steel-oxygen
reaction a user-defined model number 4 is used. The records 850004, 8510004, ..., must be specified
in the input deck. Example input for steel-oxygen reaction is shown in section 2.14.1.

*

* (K, L) Un-oxidized Oxide Reactions
480100 2 5 0.001 0.0 -4 -1 * Zr oxidation by 02 and H20
480100 3 1 0.001 0.0 4 -3 * Steel oxidation by 02 and H20

2.4.21 Records: 430XXX, Failure Parameters

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX < 999. These records activate
the failure model for this 2-D Solid Heat Conductor. The failure model considers the following three
failure mechanisms:

e Ultimate strength failure  (failure mode = 1)

e Creep rupture (failure mode = 2)
o Meltdown (failure mode = 3)
W-1(I): IFFATC  Failure model activator.

=0: failure model not requested for this TC
>0: failure model requested for this TC. The properties required by the
failure model are defined with the material number IFFATC in the

records 49Y000
Acceptable range: IFFATC >0
Default value: 0
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ITFATC

ISFATC

XSFATC

D

Indicator defining how the representative temperature is obtained for the
failure calculations.

=1: use maximum temperature of all TC nodes

=2: use volume-weighted average temperature

Acceptable range: 1or?2

Default value: 1

Indicator defining which pressures are used for to determine the stress,

needed for the failure calculations

<0: use Control Function number | ISFATC |

=0: pressure is not used (value is set to 1.0). Stress is constant, and given
directly by XSFATC (next word).

>0: use CV pressure from the CV at the boundary cell ISFATC

Acceptable range: reference to a Control Function or a boundary cell

Default value: 0

Ratio of stress and pressure (defined by the word above), (of/p). For
example in case of a tube with the inner diameter D and the thickness t,
the relation between the overpressure inside the tube, p, and the stress,
o, (see Figure 2-18):

p-D=oc-2t
Therefore:
o=p-(D/2t)

This for this case the ratio is equal to XSFATC = (D/2t).
Acceptable range: XSFATC > 0.0
Default value: none

1

Relation between stress and pressure for a tube.
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2.4.22 Records: 43Y000, Material Properties Needed for Failure Calculations

Y is the material number, 1 <Y < 9. The failure model considers the following three failure
mechanisms:

(failure mode = 1)
(failure mode = 2)
(failure mode = 3)

e Ultimate strength failure
e Creep rupture
e Meltdown

Creep rupture is calculated using the method proposed by Larson and Miller [40]. The time to rupture
is obtained from the following relation (see Volume 1):

LMP

IOglo(tr) =? C

The Larson-Miller parameter, LMP, is approximated in SPECTRA by the following correlation:
LMP = A-B-log ,,(o)

The properties for some materials are shown in Table 2-19.

Table 2-19 Failure model data for some frequently used materials

Material
Constants Inconel-600 Steel 304SS Steel SA106B Steel SA533B1
A 54,086 58,763 46,129 74,768
B 4,968.5 5,086.4 4,237.9 6,970.9
C 9.44 12.44 9.44 16.44
Tm 1644.0 1671.0 1789.0 1789.0
OU lowT 7.3x108 6.4x108 5.5x108 5.5x108
tu night 634.0 1120.0 515.0 30.0
W-1(R): AFATC  If a positive number is entered this is the coefficient A in the Larson-

254

Miller parameter for creep rupture. If a negative number is entered, then
data from Table 2-16 is used. In such case words 2 through 7 are not
used. The material identifiers are:

—1: Inconel-600

—2: Stainless steel 304SS

—3: Carbon steel SA106B

—4: Carbon steel SA533B1

Acceptable range: 10°%< AFATC <10°or AFATC=-1,-2,-3,4
Default value: none
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BFATC

CFATC

TMFATC

USFATC

TUFATC

Coefficient B in the Larson-Miller parameter for creep rupture.

Acceptable range: 10> BFATC < 10°
Default value: none

Coefficient C in the Larson-Miller parameter for creep rupture.

Acceptable range: 1< CFATC<10®
Default value: none

Melting temperature, Ty, (K).
Acceptable range: 500 < TMFATC < 10,000
Default value: none

Low temperature ultimate strength, oy iowr, (Pa).
Acceptable range: 10° < USFATC < 10%°
Default value: none

High temperature ultimate strength parameter, tuy pignt, (S).
Acceptable range: 1< TUFATC < 10*
Default value: none
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2.4.23 Record: 490XXX, Axial Conduction and Direct Contact Conduction

XXX is the 2-D Solid Heat Conductor reference number, 001 < XXX <999. This record activates the
axial heat transfer process for this 2-D Solid Heat Conductor. The maximum number of axial heat
transfer processes is 100 (10 for 1-D Solid Heat Conductors).

The axial heat conduction or direct contact heat transfer between two structures, i (the “current solid
heat conductor”, XXX) and j (the “other solid heat conductor”), is considered - Figure 2-36. The heat
transfer between the two solid heat conductors is calculated from:

Qifj = Ai—j Ri—j
Qi heat transferred between the solid heat conductors i and j, (W)
Aij area of contact between the solid heat conductors i and j, (m?)
Ti temperature of the solid heat conductor i (local or averaged - see Word 2 below), (K)
T temperature of the solid heat conductor j (local or averaged - see Word 2 below), (K)
Rij thermal resistance for the axial heat flow between the solid conductors i and j, (m-K/W)

The thermal resistance for the heat flow is obtained from:

L 1 L
Rj=—t+—+—-+

k, - k i
Li length for axial conduction in the solid heat conductor i (input parameter X1IAXTC)
ki thermal conductivity in the solid heat conductor i
L length for axial conduction in the solid heat conductor j (input parameter X2AXTC)
Ki thermal conductivity in the solid heat conductor j
hij heat transfer coefficient at the point of contact of solid heat conductors i and j
W-1(1): JIAXTC  First indicator of the other solid heat conductor (j).

=1: 1-D Solid Heat Conductor (SC)
=2: 2-D Solid Heat Conductor (TC)
Acceptable range: 1lor2
Default value: none

W-2 (1) : J2AXTC  Second indicator of the other solid heat conductor (j).
if JLAXTC=L1: SC reference number
if JLAXTC=2: TC reference number
Acceptable range: must be a valid reference number of SC or TC
Default value: none

W-3(1): ILAXTC  Cell number for axial or direct contact heat conduction through the
current solid heat conductor, i.
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W-5 (R) :
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I2AXTC

X1AXTC

>0:  cell reference number, xxyy, where xx = x-coordinate (r for
cylindrical geometry), yy = y-coordinate (z for cylindrical geometry), for
direct contact heat transfer (see Figure 2-31, Figure 2-36). If the cell
Xxyy is a boundary cell, the heat transfer area is equal to the boundary
surface heat transfer area. If the cell xxyy is an internal call, the heat
transfer area is equal to the cross-section area of this cell.

=0: axial heat transfer with all cells transferring heat to the
corresponding cell or cells in the other solid heat conductor (Figure
2-36-a). If also I2ZAXTC =0, then both solid heat conductors must have
identical nodalization.

<0: semi-axial heat transfer for a cylindrical 2-D Solid Heat
Conductor: all cells of the axial level [ILAXTC| are transferring heat to
corresponding cell or cells in the other solid heat conductor (Figure
2-36-d). The row number must be equal to 1 (“top” row) or the last row
(“bottom” row). If also [IAXTC < 0, then both solid heat conductors
must have identical nodalization.

Acceptable range: cell number, or 0, or row number in cylindrical TC
Default value: none

Cell number for axial or direct contact heat conduction through the other
solid heat conductor, j.

>0:  cell reference number, If this is TC (JLAXTC=2) then the format
is xxyy, where xx = x-coordinate (row) number, yy = y-coordinate
(column) number, for direct contact heat transfer (Figure 2-36-Db). If the
cell xxyy is a boundary cell, the heat transfer area is equal to the boundary
surface heat transfer area. If the cell xxyy is an internal cell, the heat
transfer area is equal to the cross-section area of this cell.

=0: axial heat transfer with all cells are transferring heat to
corresponding cell or cells in the other solid heat conductor (Figure
2-36-a). If also ILIAXTC =0, then both solid heat conductors must have
identical nodalization.

<0: semi-axial heat transfer for a cylindrical 2-D Solid Heat
Conductor: all cells of the axial level |I2AXST]| are transferring heat to
corresponding cell or cells in the other solid heat conductor (Figure
2-36-d). The row number must be equal to 1 (“top” row) or the last row
(“bottom” row). If also [IAXTC < 0, then both solid heat conductors
must have identical nodalization.

Acceptable range: cell number, or 0, or row number in cylindrical TC
Default value: none

Length of the axial heat conduction (Figure 2-36) in the current solid
heat conductor, Li (m).
Acceptable range: 0.0 < X1AXTC < 10,000.0
Default value: half of the current SC length, if ILAXTC=0
0.0 if IAXTC>0
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W-8 (R) :
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X2AXTC

IHAXTC

AlAXTC

A2AXTC

Length of the axial heat conduction (Figure 2-36) in the other solid heat
conductor, L; (m).
Acceptable range: 0.0 < X2AXTC <10,000.0
Default value: half of the other SC length, if 2AXTC=0
0.0 if 2AXTC>0

Pointer to a Tabular or Control Function that defines the direct contact
heat transfer coefficient, hij (W/m2-K), or resistance, 1/hij (m?-K/W),
depending on MHAXTC (Word 10 below). If the number is positive,
then hij or 1/hij will be defined by a Tabular Function with the reference
number: IHAXTC. If the number is negative, then hi; or 1/hij will be
defined by a Control Function with the reference number: | IHAXTC] .
If the current value of the Tabular or Control Function is smaller or equal
to 0.0, there will be no resistance at the contact point (hij = oo, 1/h;j =
0.0). The value obtained from the Tabular or Control Function will be
internally limited to the range 1071° - 10%°. If direct contact heat transfer
is implied (ILAXTC > 0 and I2AXTC > 0) then a very small contact
resistance may cause numerical instabilities. A minimum resistance of
1/hi; =103 m2-K/W is applied.

Acceptable range: must be a valid reference number of a Tabular or a

Control Function, if non-zero.
Default value: 0.

Multiplier on the heat transfer area, (-). The area of heat transfer, Aij , is
automatically calculated by the code as the smaller of the areas of the
connected conductor cells multiplied by the corresponding multiplier.
A1AXTC is applied for the cell in the “current” TC (while A2AXTC is
applied to the “other” TC or SC). Note that in case of axial heat transfer
(heat transfer perpendicular to the normal heat transfer in this
conductor), the cross-sectional area of the cell is used. In case of direct
contact heat transfer (heat transfer along the normal heat transfer in this
conductor), the area of boundary surface. The value obtained in this way
is multiplied by ALAXTC. NOTE: The user may also define the area
directly, by using the AXAXTC (W-15 below). In this case the
multipliers ALAXTC, A2AXTC will be ignored.

Acceptable range: 0.0 < AIAXTC < 10%

Default value: 1.0

Multiplier on the heat transfer area, (-). The area of heat transfer, Aij , is
automatically calculated by the code as the smaller of the areas of the
connected conductor cells multiplied by the corresponding multiplier.
A2AXTC is applied to the “other” TC or SC (while AIAXTC is applied
for the cell in the “current” TC). Note that in case of axial heat transfer
(heat transfer perpendicular to the normal heat transfer in this
conductor), the cross-sectional area of the cell is used. In case of direct
contact heat transfer (heat transfer along the normal heat transfer in this
conductor), the area of boundary surface. The value obtained in this way
is multiplied by A2AXTC. NOTE: The user may also define the area
directly, by using the AXAXTC (W-15 below). In this case the
multipliers ALAXTC, A2AXTC will be ignored.

Acceptable range: 0.0 < A2AXTC < 10%
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MHAXTC

M1AXTC

M2AXTC

L1IAXTC

Default value: 1.0

Parameter affecting direct contact conduction:

=1: IHAXTC defines the heat transfer coefficient, hij (W/m?-K)
=2: IHAXTC defines the resistance, 1/hij (m?-K/W)
Acceptable range: 1lor?2

Default value: 1

Pointer to a material number which defines thermal conductivity in the
current solid heat conductor. If zero or no value is specified the
conductivity of the actual material, defined in the records 410XXX, is
used. If a positive value is defined then the thermal conductivity of the
material MLAXTC is used. For example, in case of a pebble bed model,
the actual material should represent the true material of a pebble, to get
a correct surface-to-center temperature difference. M1AXTC should be
an artificial material, which is used to define the effective conductivity
of the pebble bed, for example from Zehner-Schlunder or Robold
correlation (see Volume 3, test PBR-k-eff).
Acceptable range: must be a valid reference number of a solid
material, defined in records 801XXX, 802XXX,
803XXX - see section 2.10).
Default value: 0

Pointer to a material number which defines thermal conductivity in the
other solid heat conductor. If zero or no value is specified the
conductivity of the actual material, defined in the records 410XXX, is
used. If a positive value is defined then the thermal conductivity of the
material M2AXTC is used. For example, in case of a pebble bed model,
the actual material should represent the true material of a pebble, to get
a correct surface-to-center temperature difference. M2AXTC should be
an artificial material, which is used to define the effective conductivity
of the pebble bed, for example from Zehner-Schlunder or Robold
correlation (see Volume 3, test PBR-k-eff).
Acceptable range: must be a valid reference number of a solid
material, defined in records 801XXX, 802XXX,
803X XX - see section 2.10).
Default value: 0

Option used for the direct contact transfer (ILAXTC > 0 and I2AXTC >
0) in the current solid heat conductor.

=0:  Cell-to-cell direct contact. The temperature T; is taken from the
cell ILAXTC. The calculated heat is removed/added to the cell ILAXTC.
=1: Global radial transfer. The temperature T; is equal to the average
temperature of the linked Solid Heat Conductors (mass-averaged or
volume-averaged, depending of IAVETC). The calculated heat is
distributed over all cells, proportionally to the cell volume or cell mass.
The input parameter ILAXTC is used only to determine the area for the
heat transfer. This option is intended to model the effective conductivity
of the pebble bed or prismatic blocks (see Volume 3, tests PBR-k-eff,
PMR-k-eff).

Acceptable range: Oorl

Default value: 0
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L2AXTC

AXAXTC

KAXTC

Option used for the direct contact transfer (ILAXTC > 0 and I2AXTC >
0) in the other solid heat conductor.

=0:  Cell-to-cell direct contact. The temperature T; is taken from the
cell 2AXTC. The calculated heat is removed/added to the cell I2AXTC.
=1: Global radial transfer. The temperature T; is equal to the average
temperature of the other solid heat conductor (mass-averaged or volume-
averaged, depending of IAVETC). The calculated heat is distributed
over all cells, proportionally to the cell volume or cell mass. The input
parameter 12AXTC is used only to determine the area for the heat
transfer. This option is intended to model the effective conductivity of
the pebble bed or prismatic blocks (see Volume 3, tests PBR-k-eff,

PMR-k-eff).
Acceptable range: Oorl
Default value: 0

Area of heat transfer, (m?). If zero or no value is entered, then the area is
calculated as the smaller value of the cell areas (multiplicity included):

Ant = MIN ((AcenrcaXALAXTC, Aceiltc2XA2AXTC)

If a positive value is entered, then the heat transfer area is equal to the
entered value:

Anr = AXAXTC

Acceptable range: 0.0 < AXAXTC < 10%
Default value: 0.0

Sequential number of the axial heat transfer process. If no value or zero
is entered, then the data are read sequentially - the first record 490XXX
in the input file is interpreted as containing the first axial transfer
process, the second record with this humber the second heat transfer
process, etc.

Acceptable range: 1=1,2,...,6

Default value: none
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Examples are shown in Figure 2-36. Further examples and discussion is included in Volume 3.

Figure 2-36 Cases (a) and (c) - cell-to-cell axial heat conduction

*

* Rectangular geometry - Case (a)

* - “axial” heat transfer - perpendicular to the normal conduction heat flow
* - conduction length: L = 0.05 m

* - contact h = TF-210

* All cells of TC-220 to all cells of TC-210

* All cells of TC-220 to all cells of TC-230

* TC i3 L-1i L-3j h A-frac

490220 2 210 0 0 0.05 0.05 210 1.0 * Axial heat transfer to TC-210
490220 2 230 0 0 0.05 0.05 210 1.0 * Axial heat transfer to TC-230

*

* Cylindrical geometry - Case (b)

* - “axial” heat transfer - perpendicular to the normal conduction heat flow
* - conduction length: L = 0.05 m

* - contact h = TF-210

* Cells of level 1 of TC-210 to level 2 of TC-230 and level 1 of TC-230 to level 2 of TC-250
* TC i J L-1i L-j h A-frac

490210 2 230 -1 -2 0.05 0.05 210 1.0 * BAxial heat transfer to TC-230
490230 2 250 -1 -2 0.05 0.05 210 1.0 * BAxial heat transfer to TC-230

Figure 2-36 Cases (b) and (d) - all cells (axial) to one cell (direct contact)

* TC-220: heat transfer to TC-210 - Case (b)

* - all cells from TC-220 transfer heat to cell 0101 of TC-210

* — “axial” heat transfer for TC-220, normal conduction heat flow in TC-210
* - axial conduction length: L = 0.05 m for TC-220, L=0.0 m for TC-210

* - contact h = TF-220

* TC i 3 L-i L-j h A-frac

490220 2 210 0 0101 0.05 0.0 210 1.0 * Axial heat transfer to TC-220
*

* TC-220: heat transfer to TC-210 - Case (d)

* - level 5 cells from TC-220 transfer heat to cell 0101 of TC-210

* — “axial” heat transfer for TC-220, normal conduction heat flow in TC-210
* - axial conduction length: L = 0.05 m for TC-220, L=0.0 m for TC-210

* - contact h = TF-220

* TC i j L-1i L-j h A-frac

490220 2 210 -5 0101 0.05 0.00 0 1.0 * TC-220 - Axial heat transfer to TC-210
* HOLE 0l1: LOWER LEFT, X-CELLS 04-06, Y-CELLS 09-11
* sC i j L-i L-J h Al-frac A2-frac
490120 1 122 0409 2 0.0 0.0 0 100.0 0.125
490120 1 122 0509 2 0.0 0.0 0 100.0 0.125
490120 1 122 0609 2 0.0 0.0 0 100.0 0.125
490120 1 122 0410 2 0.0 0.0 0 100.0 0.125
490120 1 122 0610 2 0.0 0.0 0 100.0 0.125
490120 1 122 0411 2 0.0 0.0 0 100.0 0.125
490120 1 122 0511 2 0.0 0.0 0 100.0 0.125
490120 1 122 0611 2 0.0 0.0 0 100.0 0.125
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2-D Model - Axial heat transfer

® 46EEE
9 4214EK

Structure "' Fluid"

i
w

2-D Model

TC-250
0=00W

4133 K | 4056 E

669K | 3795K | 3T95K | 3669 K

324K | 3950KE | 408 3K |4089K | 395.0K

4056 K | 4185 K

(©
Figure 2-36
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Q-tot: 14000 W

P —

430
4600

420
400
380
360
340
320
300

2-D Model - Axial heat transfer
J-tot:

¥y
100.0 W s
X

Z

(b)

2-D Model - Axial heat transfer
Qtot: 1000 W

" Fluid"
10 Wind-E
300.0K

SSW Qcyl:364W

66 W

543 W
Q-rec: 63.6 W

" Fluid" 10 Wim®-E 000K

(d)

Axial conduction, direct contact between different TC
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(a) TC-120
L
04 ¥
| 0411)05 11006 11
(b) TC-120

-H""-\-._\_\_
SC-112

[] Control Vohumes (C)
[] sobid Condurtors (5C, T

Figure 2-37 Axial conduction, example of TC-SC transfer

2.4.24 Record: 499000, Interpolation Factor for Boundary Temperature

W-1(R): FINTTC Interpolation factor. Used only if a boundary surface is linked to a
Control Volume (IVLBTC>0) and at the same time the boundary fluid
temperature is defined by a Tabular or Control Function (ITPBTC=0).
In such case the value obtained from the Tabular or Control Function is
taken with the weighting factor of FINTTC and the temperature in the
Control VVolume is taken with the weighting factor of 1.0 — FINTTC.
Acceptable range: 0.0<FINTTC<1.0
Default value: 0.5
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2.4.25 Example of the 2-D Solid Heat Conductor Input Data

As an example problem a simple geometry, shown as the Example Problem 2 in Figure 2-32, is
considered. The geometry is shown again below, in Figure 2-38.

Example 2
X-TOW
1 2 3

1 [ [} 3
. 2 . . ® «—Insulation (symmetry boundary)
2
I -« | . .

3 . (] ® | —Heat transfer (or insulation)

Cell type map (ITO0TC):

K=1 2 3
L=1 1110 1101 1111

2 1011 0110 1101

3 1111 1011 O111

Figure 2-38 Example of 2-D Solid Heat Conductor.

2-D Solid Heat Conductor - Example 2

SPECTRA T E
Time: 400
10000 s =0
16.7 min 380
03 hr 370
360

Internal heat|source = 1000
J2RE 30K

= 200 Wim'K
T= 300K Toun £

35K MOE 390

340K 370

}T\ - 200 Wil 50

S40E 329K 310

Figure 2-39 Results of the 2-D test case - stationary conditions.

The example consists of a simple structure with insulation (symmetry) at the external boundaries. At
the internal boundaries a fixed heat transfer coefficient of 100.0 W/(m2K), and a constant fluid
temperature of 300 K is used. The heat transfer coefficient is defined using TF-001, while the fluid
temperature is specified using TF-002. The half-cell size is 0.01 m. Therefore the size of the structure
is 0.6 m in both x and y direction. The length of the structure (the third, z, dimension) is 1.0 m. There
is a uniform internal heat source of Q=1000.0 W.

The input deck is shown below. Results of this test case, obtained for a stationary state, are shown in
Figure 2-39.

*

405100 Steady state with heat source - rectangular, 2-D
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400100
401100
410100

*
*
411100
*
*
412100
*
*

*

413100
413100
413100

*
*

*

414100
414100
414100

*
*

*

415100
415100
415100

*
*

*

416100
416100
416100

*
*

*

420100
420100
420100
420100
420100
420100
420100

* TF-001 - constant htc of 200

600001

*

11.0
2
3 3

0.
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0

X-CELL SIZES

1 2

3

0.01 0.01 O.
Y-CELL SIZES

1 2

3

0.01 0.01 O.

TC MAP
1

1 1110

2 1011

3 1111

TC CELL
1

1
21
1

TC CELL

[

TC CELL
1

1 300.

2 300.

3 300.

2

1101
0110
1011

MATERIAL

2
1
1
1

POWE

R

0.

01

01

3

0

1111
1101
0111

3

1
1
1

= )

o O O

0

TEMPERATURES

2

300.
300.
300.

3

300.
300.
300.

BOUNDARY CONDITIONS

L

W wNNN e e R
WNWN RPN e

X

O O O O O o o

Y

O O O O O o o

cv

000
000
000
000
000
000
000

1.0E+43
HTC T
001 002
001 002
001 002
001 002
001 002
001 002
001 002

===== Tabular Functions

time
0.0

ht

C

200.0

W/m/K

*

*

*

Main data : GEO,L,X0,ELEV,VER, POWER
USE ENTERED TEMPERATURES
NUMBER OF CELLS

* TF-002 - constant temperature of 300 K

*
*

600002

*

time
0.0

temp
300.0
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2.5 MCCI Input Data

2.5.1 Records: 440000, MCCI Main Data

The MCCI model may be activated with this record and the main MCCI data defined. Note that MCCI
is always using a cell network of 2-D Solid Heat Conductor. Therefore it must be defined in the input.
If more than one TC is defined, the first one is used for MCCI. The TC must be a vertical cylinder.

W-1 (1) :

W-2 (1) :

W-3 (1) :

W-4 (1) :

W-5 (1) :

W-6 (1) :

266

IMMCTC

ICTPTC

ITSCTC

ITLCTC

ICCMTC

ICMMTC

MCCI model activator:

=0 : not active,

=1 : active, liquid flow calculated from Navier-Stokes equation
=2 : active, simplified calculation

Acceptable range: 0,1, 2

Default value: 0

Concrete type:

=0 : user-defined,

= 1: Basaltic aggregate concrete [35],
= 2 : Limestone common sand 1 [57],
= 3: Limestone common sand 2 [35] ,
=4 Siliceous 1 [57],

=5 Siliceous 2 [35],

Acceptable range: 0,1,2,3,4,5
Default value: 0

Reference to a Tabular Function defining the solidus line, i.e. the solidus
temperature versus concrete weight fraction in a UO,-concrete mixture.
Data for several concrete types, obtained from [58], is shown in Figure
2-40. The figure was digitized and the appropriate data files are
available in the folder with SPECTRA inputs (input file:
Z-INPUTS\TC\MCCI\Model\TLIQSOL).

Acceptable range: must be a reference to a valid Tabular Function
Default value: none

Reference to a Tabular Function defining the liquidus line, i.e. the
liquidus temperature versus concrete weight fraction in a UO-concrete
mixture.

Acceptable range: must be a reference to a valid Tabular Function
Default value: none

Material number of concrete.

Acceptable range: must be a reference to a valid material defined in the
MP Package

Default value: none

Material number of corium.

Acceptable range: must be a reference to a valid material defined in the
MP Package

Default value: none
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-l Li st X Liq.
UO2-Zr0O2-Concrete | ... 1imesnd Lic.
3000 «+«de - Siliceous, Liq.
r = Limestone, Sol.
= Lime-sand, Sol.
|\ ST | TLTTTIPN [ [y | [ EEO -...::'__ _Siliceous’ Sol.
2500 "!"“' ---- .
- A ""_ Bt
ORI N R TV ) o P an @ *
g [ .1&4
2000 2
: k)
&=
L ‘
1500 &
~— 2
, -
1000 :
0.0 20.0 40.0 60.0 80.0 100.0
Weight % concrete

Figure 2-40 Solidus and liquidus temperature for corium/concrete mixtures [58] (digitized)

W-7 (R): ZRCMTC Oxidic corium composition. Oxidic corium is assumed to be composed
of UO; and ZrO,. ZRCMTC is the molar (volume) fraction of ZrO; in
corium.

Acceptable range: 0.0<ZRCMTC<1.0
Default value: 0.385 [58]
(a small number <107, sets the value to 0.0)

W-8 (R) : XMETTC Mass of metallic material related to the mass of oxidic corium. This is
the total mass of metals: Fe, Cr, Ni, and unoxidized Zr, divided by the
total mass of UO, +Zr0Os.

Acceptable range: 0.0<XMETTC<1.0
Default value: 0.2
(a small number <107, sets the value to 0.0)
W-9 (R): XMFETC Mass fraction of Fe in the metallic material.
Acceptable range: 0.0<XMFETC<1.0
Default value: 0.74
(a small number <10-%, sets the value to 0.0)
W-10 (R) : XMCRTC Mass fraction of Cr in the metallic material.
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Acceptable range: 0.0 <XMCRTC<1.0
Default value: 0.18
(a small number <10-%, sets the value to 0.0)
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XMNITC

XMZRTC

ICVMTC

ICOMTC

Mass fraction of Ni in the metallic material.
Acceptable range: 0.0 < XMNITC<1.0
Default value: 0.08
(a small number <10-%°, sets the value to 0.0)

Mass fraction of Zr in the metallic material.
Acceptable range: 0.0 < XMZRTC<1.0
Default value: 0.0

CV reference number of the volume receiving gas products of MCClI,
namely: H,O, Hz, CO,, CO.

Acceptable range: valid reference to a CV

Default value: first boundary CV defined in records 420XXX

Gas number of CO. The mass of CO released from MCCI will appear as
gas number ICOMTC in the Control Volume ICVMTC.

Acceptable range: number of an existing user-defined gas.

Default value: 7

2.5.2 Records: 44010X, MCCI Material Property Data

This record defines the properties of materials that may undergo phase transition. Here X is the
material number: X = 1: concrete, X = 2: UO,, X = 3: ZrO,.

The properties of solid phase are defined by the standard MP Package, with references to the
appropriate materials defined in the main data (record 440000, inputs ICCMTC and ICMMTC). This
record defines the liquid properties and the phase change properties. The properties of a molten
corium-concrete mixtures are calculated as molar averages of the individual components [58].

W-1 (R) :

W-2 (R):

268

DENMTC Density of liquid material X, (kg/m®). For UO; and ZrO, a temperature-

CPLMTC

dependent correlation from [60] is used, with DENMTC being a user-
defined multiplier:

UO.: p=11800-0.93 x T x DENMTC
Zr0z: p= 8620-0.89 x T x DENMTC

Acceptable range: 0.1 <DENMTC < 15000.0
Default value: 2200 for X=1[58], 1.0 for X=2 and 3

Specific heat of liquid material X, (J/kg). For UO, and ZrO, a
temperature-dependent correlation from [60] is used, with DENMTC
being a user-defined multiplier:

UO:: Cp=390-0.90x10*x T x CPLLMTC
ZrOy: Cp=940-3.36x102x T x CPLMTC

Acceptable range: 0.1 <CPLMTC <5000.0
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TCLMTC

VSLMTC

Default value: 837.3 for X=1[59], 1.0 for X=2 and 3

Thermal conductivity of liquid material X, (W/m-K). For UO; and ZrO;
a temperature-dependent correlation from [60] is used, with TCLMTC
being a user-defined multiplier:

UO:: k=164 +4.74x102 x T x exp(-1.45x10%T ) x TCLMTC
ZrOy: k=211+4.46 x T x exp(—2.75%10%T) x TCLMTC

Acceptable range: 0.01 < TCLMTC < 1000.0
Default value: 1.1 for X=11[58], 1.0 for X=2 and 3

Dynamic viscosity of liquid material X, (kg/m-s). For UO; and ZrO; a
temperature-dependent correlation from [59] is used, with VSLMTC
being a user-defined multiplier:

Uoy: n=0.52 x exp( 8.26x10%/T ) x VSLMTC
Zr0;: = 0.32 x exp( 8.79x10%/T ) x VSLMTC

Acceptable range: 0.01 <VSLMTC < 1000.0
Default value: 0.3 for X=1[58], 1.0 for X=2 and=3

for X=2and 3 (UO, and ZrO,):

HFUSTC

TLIQTC

Heat of fusion, (J/kg).
Acceptable range: 0.0 < HFUSTC < 1.0x10’
Default value: 2.18x10° for X = 2, 2.60x10° for X = 3 [60]

Melting temperature, (K). The value must be consistent with the value
defined in the function ITLCTC.

Acceptable range: 1000.0 < TLIQTC <9000.0

Default value: 3113 for X =2, 2990 for X = 3 [60]

for X =1 (concrete):

HABLTC

TLIQTC

TSOLTC

Ablation enthalpy, (J/kg).
Acceptable range: 0.0 <HABLTC < 1.0x10’
Default value: defined for the built-in concrete types (ICTPTC>0)

Liquidus temperature, (K). The value must be consistent with the value
defined in the function ITSCTC.

Acceptable range: 1000.0 < TLIQTC <9000.0

Default value: defined for the built-in concrete types (ICTPTC>0)

Solidus temperature, (K). The value must be consistent with the value
defined in the function ITLCTC.

Acceptable range: 400.0 < TSOLTC <5000.0

Default value: defined for the built-in concrete types (ICTPTC>0)
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W-8 (R): TABLTC  Ablation temperature, (K).
Acceptable range: 400.0 < TABLTC <5000.0
Default value: defined for the built-in concrete types (ICTPTC>0)

W-9 (R): RABLTC Ablation temperature ratio, RABLTC = (Tap—Tsol)/(Tiig—Tso). Default
value should be used. The input is intended for eventual sensitivity
calculations.

Acceptable range: 0.0 <RABLTC<1.0
Default value: RABLTC = (Tabr—Tsot)/(Tiig—Tsor)

Properties from several sources: [58], [59], [60], are presented in Table 2-20. In some cases different
values were given in different references. In those cases the default values were taken from [60]. The
user may wish to perform a sensitivity calculation using the alternative sources shown in the table (or
other sources). Further discussion on the liquid properties is provided in Volume 1.

Table 2-20 Properties of relevant materials in liquid state

Concrete Uuo, ZrO; Reference
p (kg/m?) 2200 8860 5150 [58], sec. 3.5, p.33
2306 10960 5600 [59], MP-RM
Cp (J/kg-K) 837.3 503.0 544.3 [59], MP-RM
kK (W/m-K) 1.10 3.05 2.49 [58], sec. 3.5, p.35
w (kg/m-s) 0.3 (LCS) - - [58], sec. 3.5, p.33
1.5(L) [58], sec. 3.5, p.33
H (J/kg) - 2.74E5 7.07E5 [59], MP-RM
2.18E5 2.60E5 [60]
T (K) - 3113 2990 [59], MP-RM
3200 3000 [60]

2.5.3 Records: 4402XX, Concrete Composition

The concrete composition is defined with this record. XX is the substance number, XX < 15.
W-1(R): CCOMTC Mass fraction of substance XX - see Table 2-21 for substance numbers.
Acceptable range: 0.0<CCOMTC<1.0

Default value: defined for the built-in concrete types (ICTPTC>0)

The concrete composition as well as the main properties for the built-in concrete types are shown in
Table 2-21.

270 K6223/24.277594 MSt-2402



SPECTRA Code Manuals - Volume 2: User’s Guide

Table 2-21 Built-in concrete composition and properties.

Concrete composition, mass fractions (%)
NO. Substance Basaltic | Limestone | Limestone | Siliceous1 | Siliceous 2
aggregate | c.sand 1 c.sand 2
1 CO; 15 30.46 21.15 10.0 0
2 H.0 5.68 4.46 4.7 3.78 4.0
3 K20 5.39 0.56 1.22 0.83 0
4 Na,O 1.8 0.32 0.08 0.68 0
5 TiO; 1.05 0.14 0.18 0.16 0
6 SiO; 54.84 22.0 35.806 61.34 65.0
7 Ca0 8.82 26.4 313 17.2 0
8 MgO 6.16 11.7 0.48 0.87 0
9 Al;0s 6.32 2.54 3.6 3.61 20.0
10 Feo03 6.26 1.42 144 1.53 0
11 Cr03 0 0 0.014 0 0
12 CaCO:s 0 0 0 0 3.0
13 Ca(OH), 0 0 0 0 8.0
14 MnO 0 0 0.03 0 0
15 SO; 0 0 0 0 0
T(solidus) (K) 1350 1392 1420 1403 1350
T(liquidus) (K) 1650 1568 1670 1523 1650
T(ablation) (K) 1450 1500 1500 1450 1450
density p (kg/m°) 2340 2340 2340 2340 2400
Abl. enth. AH (J/kg) 2.8x10° 2.4x10° 2.4x108 1.95x10° 1.95x10°
X(ablation) 0.333 0.614 0.320 0.392 0.333
Source [59] [57] [59] [57] [59]
(CAV-UG) (CAV-UG) (CAV-UG)

2.5.4 Records: 440300, Model Coefficients

W-1(R)

K6223/24.277594 MSt-2402

CRAMTC Coefficient in Ramacciotti correlation [61] for two-phase viscosity:

po = p1 exp( 2.5xCRAMTCx )

If a negative value is entered, then Kunitz correlation is used (Figure

2-41):

H2 = 1 (140.5%¢) / (1+6)*

Here pa is the liquid viscosity, . is the two-phase viscosity and ¢ is the
solid fraction in the mixture.
Acceptable range: 0.1 <CRAMTC<10.00r<0.0

(note: [59] recommends 4.0 - 8.0)
Default value: 4.0

271



SPECTRA Code Manuals - Volume 2: User’s Guide

LOE+0S

Effective Viscosity

1.0E+04

)

10

1.0E+03

—o— Ramacciotti
—i— Kunitz

B

iscosity rat

2 1.0E+02

Vi

LOE+01

5o a

¥
//

1.0E+00

/

0.0

0.1 02 03 04

05 06 07 08 09 10

@-sol (solid fraction in the melt)

Figure 2-41

W-2 (R) :

W-3(R):

W-4 (R) :

W-5 (R) :

272

Comparison of Ramacciotti and Kunitz correlations.

XRAPTC

XZAPTC

XDISTC

IDEPTC

Radial erosion parameter. Fraction of ablated concrete that is removed
from a cell (replaced by corium) in a time step. If the entered value is
smaller than the minimum set by mass balance, which is equal to the
ratio of degassed mass to the ablated mass (XRAPTC= Vgeo/Vani), the
latter will be used. A large value may be used to speed up removal of
ablated concrete from a cell.

Acceptable range: 0.0 < XRAPTC<0.9

Default value: 0.0

Axial erosion parameter. Fraction of ablated concrete that is removed
from a cell (replaced by corium) in a time step. If the entered value is
smaller than the minimum set by the mass balance, which gives the value
equal to the ratio of degassed mass to the ablated mass (XZAPTC =
Vaeg/Vant), the latter will be used. A large value may be used to speed up
removal of ablated concrete from a cell.

Acceptable range: 0.0 < XZAPTC<0.9

Default value: 0.0

Maximum dissolution of ablated concrete in corium. If zero or no value
is entered, the value is calculated from the ratio of degassed mass and
the ablated mass as follows: XDISTC = 1 — Veg/Vani -

Acceptable range: 0.1 < XDISTC<0.9 or XDISTC=0.0

Default value: 1.0 — Vaeg/Vani

Indicator for corium depression calculation in simplified model
(IMMCTC=2).

=1: depression not calculated

=2:  depression calculated

Acceptable range: 1or2

Default value: 2
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W-6 (R) : IRSQTC

Indicator for reaction sequence.

=1. all reactions proceed simultaneously

>1:  reactions proceed in a sequence, following [58]: “Zr is oxidized
first, and Si, Cr, and Fe follow”. The relative strength of reaction is
proportional to 10%., where X = 1 — IRSQTC. The sequential effect
becomes stronger with increasing value of IRSQTC.

Acceptable range: 1,2, 3,4

Default value: 3

2.5.5 Records: 441001, Initial Velocities, Horizontal (Radial) Direction

The initial velocities in molten cells or partially molten cells are defined with this record. The values
are used only if IMMCTC=L1.

W-1 (1) : L

W-2 (R) : VELXTC
(1L

W-3 (R) : VELXTC
(2,L)

Row number in y (axial) direction. The following data must specify
NCLXTC-1 velocities in the y-row number L.

Acceptable range: 1 <L <NCLYTC

Default value: none

Initial velocity (m/s), cell (1,L)
Acceptable range: —100.0 < VELXTC <100.0
Default value: 0.0

Initial velocity (m/s), cell (2,L)
Acceptable range: —100.0 < VELXTC <100.0
Default value: 0.0

.., etc. until velocities are defined for all cells (NCLXTC-1 velocities should be entered).

2.5.6 Records: 441002, Initial Velocities, Vertical (Axial) Direction

The initial velocities in molten cells or partially molten cells are defined with this record. The values
are used only if IMMCTC=L1.

W-1 (1) : L

W-2 (R) : VELYTC
(L)

W-3 (R) : VELYTC
(L)

Row number. The following data must specify NCLXTC velocities in
the y-row number L.

Acceptable range: 1<L <NCLYTC-1

Default value: none

Initial velocity (m/s), cell (1,L)
Acceptable range: —100.0 <VELYTC < 100.0
Default value: 0.0

Initial velocity (m/s), cell (2,L)
Acceptable range: —100.0 < VELYTC <100.0
Default value: 0.0
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.., etc. until velocities are defined for all cells (NCLXTC-1 velocities should be entered).
2.5.7 Records: 441003, Initial Porosities

The initial porosities are defined with this record.

W-1 (1) : L Row number. The following data must specify NCLXTC porosities in
the y-row number L.
Acceptable range: 1 <L <NCLYTC

Default value: none
W-2 (R): POROTC Initial porosity (-), cell (1,L)
(1,L) Acceptable range: 0.0<POROTC<1.0
Default value: 0.0
W-3(R): POROTC Initial porosity (-), cell (2,L)
(2,L) Acceptable range: 0.0<POROTC<1.0
Default value: 0.0

.., etc. until porosities are defined for all cells (NCLXTC porosities should be entered).
2.5.8 Records: 441004, Initial Concrete Fractions

The initial concrete fractions are typically defined by the code using the cell material data and the
input parameter ICCMTC (record 440000), as follows:

e XCONTC=1.0 if the material number in the cell is equal to ICCMTC
o XCONTC=0.0 otherwise

It is possible to define different initial conditions using this record.
W-1(1): L Row number. The following data must specify NCLXTC fractions in the

y-row number L.
Acceptable range: 1 <L <NCLYTC

Default value: none
W-2 (R): XCONTC Initial concrete fraction (-), cell (1,L)
(a,L) Acceptable range: 0.0 < XCONTC<1.0
Default value: 1.0 if the cell material = ICCMTC, 0.0 otherwise
W-3(R): XCONTC Initial concrete fraction (-), cell (2,L)
(2,L) Acceptable range: 0.0 < XCONTC<1.0

Default value: 1.0 if the cell material = ICCMTC, 0.0 otherwise

.., etc. until concrete fractions are defined for all cells (NCLXTC fractions should be entered).
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2.5.9 Records: 441005, Initial Ablated Concrete Fractions

The initial ablated concrete fractions are typically set as zero. It is possible to define different initial
ablated fractions using this record.

W-1 (1) : L

W-2 (R) : XABLTC
(1L

W-3 (R) : XABLTC
(2L)

Row number. The following data must specify NCLXTC fractions in the
y-row number L.

Acceptable range: 1 <L <NCLXTC

Default value: none

Initial ablated concrete fraction (-), cell (1,L)
Acceptable range: 0.0<XCONTC<1.0
Default value: 1.0 if the cell material = ICCMTC, 0.0 otherwise

Initial ablated concrete fraction (-), cell (2,L)
Acceptable range: 0.0<XCONTC<1.0
Default value: 1.0 if the cell material = ICCMTC, 0.0 otherwise

.., etc. until concrete fractions are defined for all cells (NCLXTC porosities should be entered).
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2.6 Thermal Radiation Input Data

2.6.1 Records: 500Y00, Thermal Radiation Model Selection

Y =1, .., 9, is the radiating system number. Up to 9 systems are allowed. The numbering must be
consecutive. Each system may consist of up to 90 radiating surfaces. Surfaces radiate among each
other within each system. There is no direct radiation between surfaces belonging to different radiating

systems.

W-1 (1) :

W-2 (1) :

W-3(R):

276

MODRAD Radiation model. MODRAD =1 - radiation in grey enclosure with non-

IWTRAD

XWTRAD

absorbing/non-emitting gas. MODRAD = 2 - radiation in grey enclosure
with absorbing/emitting gas. The radiation model is used only if the
number of radiating surfaces, entered on the records 510Y XX, is greater
than 1. Application of the thermal radiation model often involves
significant effort, needed to prepare the view factor and beam length
data. For cases when thermal radiation is less important, a simple wall-
gas radiation model is available for Solid Heat Conductors (see sections
1.3.6,1.3.7).

Acceptable range: 1,2

Default value: 2

Selector of option for radiating surfaces covered by water.

= 1: do not radiate to water. Stop calculations if more than 10% of any
radiating surface is covered by water.

= 2: the water-covered part of the surface radiates to the water pool. The
global energy remains conserved. The thermal radiation is completely
deactivated if more than 50% of all surfaces is covered with water.

= 3: the water-covered part does not radiate. The global energy is, in
general, not conserved (with this option the global energy is conserved
only if the water-covered fraction is the same for all radiating surfaces).
The thermal radiation is completely deactivated if more than 50% of all
surfaces is covered with water.

Acceptable range: 1,2,3

Default value: 2

Minimum fraction of fluid volume occupied by water to switch off the
thermal radiation model. Used only for RADMOD =2 (enclosure with
participating gas). If the water level in a volume representing an
enclosure is higher than XWTRAD times the volume height, the thermal
radiation model is switched off for this particular enclosure.

Acceptable range: 0.1 < XWTRAD <1.0

Default value: 0.9
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2.6.2 Records: 505Y00, Radiating System Name

Y =1, ..., 9, is the radiating system number.

W-1 (A): NAMETR User defined name of the radiating system Y, length up to 50 characters.
The name is read as a 50-character string, starting from the first non-
blank character after the record identifier. There must be at least one
blank character, separating the name from the record identifier.
Acceptable range: any string of up to 50 characters.

Default value: 50 "underline™ characters: " "

2.6.3 Records: 510YXX, Radiating Surface Data

Y =1,..., 9, is the radiating system number. The numbering of radiating systems must be consecutive.
XX is the reference number of a radiating surface. XX need not be consecutive. The maximum number
of radiating surfaces in each radiating system is 90.

Data on those records associate radiating surfaces with the surfaces of 1-D or 2-D Solid Heat
Conductors.

W-1(1): ISCRAD  Number of 1-D Solid Heat Conductor (if ITCRAD=0, see Word 4
below), or a 2-D Solid Heat Conductor (if ITCRAD>0) for the surface
XXX. If ITCRAD=0, then ISCRAD < 0 indicates the left surface of the
1-D Solid Conductor | ISCRAD | , while ISCRAD > 0 indicates the right
surface of Solid Conductor number ISCRAD as the radiating surface
XXX. If ITCRAD>0, then ITCRAD indicates the boundary cell number
of the 2-D Solid Heat Conductor ISCRAD, as the radiating surface
XXX. When ITCRAD=0, ISCRAD < 0, then the left boundary heat flux
for the 1-D Solid Conductor | ISCRAD| cannot be specified using
Tabular or Control Functions; IQRLSC must be equal to zero (see
section 2.3.11). When ITCRAD=0, ISCRAD > 0, then the right
boundary heat flux for the 1-D Solid Conductor ISCRAD cannot be
specified using Tabular or Control Functions; IQRRSC must be equal to
zero (see section 2.3.12). When ITCRAD>0, then the heat flux for the
cell number ITCRAD of the 2-D Solid Conductor ISCRAD cannot be
specified using Tabular or Control Functions; IQRBTC must be equal to
zero (see section 2.4.13).

Only one radiating surface may be associated with a given SC or TC
surface. Both left and right surfaces of a SC can be associated with
radiating surfaces, belonging to the same or to different radiating
systems. Multiple boundary cell surfaces of a TC can be associated with
radiating surfaces, belonging to the same or to different radiating
systems.

Acceptable range: must be a valid reference number of a 1-D or a 2-D

Solid Heat Conductor.
Default value: none.

W-2(): IESRAD  Pointer to a Tabular Function or a Control Function that defines the
surface emissivity. If the number is positive then the emissivity of the
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IPLRAD

surface XXX will be calculated using the Tabular Function IESRAD.
The argument for the Tabular Function IESRAD will always be the
surface temperature. The emissivity will therefore not be equal to the
value of the Tabular Function itself, because Tabular Function values
are always printed as functions of time. If the number is negative then
the emissivity will be defined by the value of Control Function
| IESRAD | . If the value obtained from Tabular Function or Control
Function is smaller than 107, then it will be set to 10°. If it is larger than
1.0 it will be set to 1.0. If no value is entered, or the entered value is
equal to zero, then the emissivity is set to 1.0 (black surface).
Acceptable range: must be a valid reference number of a Tabular or a
Control Function.
Default value: 0.

Activates pool radiation option for this surface (only for 1-D
Conductors)

If IPLRAD = 0 then the pool option is deactivated. In this case the
treatment of radiating surface is defined by IWTRAD (Word 2 in record
500Y00.

If IPLRAD > 0 then the pool in the Control Volume adjacent to the
surface will participate in radiation heat transfer. When IPLRAD > 0
then the surface XXX is considered as a "floor", that can be covered by
water. The following conditions must be met to use the pool radiation
option:

- The elevation of the surface must be equal to the bottom elevation of
the corresponding Control Volume: IVLLSC(| ISCRAD | ) if
ISCRAD<O, or IVLRSC(ISCRAD) if ISCRAD > 0.

- The geometry must be rectangular: IGEOSC( | ISCRAD | )=1.

- The surface must be horizontal: IVERSC( | ISCRAD | ) =+1

- The surface area must be the same as the bottom (segment number 1)
cross section area of the corresponding Control VVolume:
ASEGCV(L,1V) = SIZESC(|ISCRAD|), where IV is the Control
Volume number: IVLLSC(|ISCRAD|) or IVLRSC(ISCRAD),
depending on the sign of ISCRAD.

If the above conditions are met then the radiative heat exchange for this
surface is calculated as follows:

- If the pool liquid level exceeds the surface elevation by more than AZ
=10 m, then the surface temperature is set to the pool temperature, the
emissivity is set to the liquid water emissivity (0.96 - [14], page 15-23):
T = TrooL ,

€ = 0.96 .

where TpooL IS the pool temperature. The calculated radiant heat flux is
deposited in the pool.

- If the pool level is below 10 m, temperature and emissivity is linearly
interpolated between the pool values and the radiation surface values:

T = TeooL4Z/10° +  Tsc(10°-42)/10°

€ = 0.96 AZ/10° + esc (10°-42)/10°

where: Tsc is the surface temperature equal to the left or right
temperature of the Solid Conductor | ISCRAD | , and esc is the
emissivity obtained from the Tabular Function or the Control Function
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| IESRAD|. The obtained heat flux is partitioned between pool and
Solid Conductor:

QrooL = Qror AZ/103, Qsc = Qror (103 —AZ)/[O-S.

where Qpoo is heat deposited in the water pool, Qsc is the heat deposited
at the surface of the Solid Conductor | ISCRAD |, and Qror is the total
heat flux calculated for this surface by the radiation heat exchange
model.

The surface area of the pool is assumed to be always equal to the area of
the surface XXX. This may not be true if Control Volume consists of
several segments with different cross section areas. In that case
calculations will still be performed but a warning message will be issued.
It is recommended to use a single-segment Control VVolume in case the
pool radiation option is activated.

Acceptable range: the pool option is available only for 1-D Solid Heat

Conductors.
Default value: 0.
W-4 (1) : ITCRAD Boundary cell number of the 2-D Solid Heat Conductor (defined by

ISCRAD - Word 1 above) associated with this radiating surface. Used
only if a 2-D Solid Heat Conductor should be associated with this
surface. If a 1-D Solid Heat Conductor should be associated with this
surface, then the number must be zero.

Acceptable range: must be a valid boundary cell number if non-zero.
Default value: 0.

2.6.4 Records: 520YXX, View Factors

Y =1,..., 9, is the radiating system number. The numbering of radiating systems must be consecutive.
XX is the reference number of a radiating surface. XX need not be consecutive. The maximum number
of radiating surfaces in each radiating system is 90.

The data on records 520Y XX give view factors from the surface XX to all other surfaces belonging
to the system Y. Several records with the same number may be entered. The data is read sequentially.

W-1(R) : VFCRAD View factor from the surface YXX to the surface Y01, Fyxx_vo1. This is
the fraction of the total power emitted by the surface Y XX that reaches
the surface YO1.

Acceptable range: 0.0 <VFCRAD <1.0.
Default value: none.
W-2 (R) : VFCRAD View factor from the surface Y XX to the surface Y02, Fyxx_vo2. The 1lI-

th word on the record gives the view factor from the surface YXX to the
surface Y1I. NSFRAD numbers must be entered. Several records with
the same number may be used. The records are read sequentially in the
order they appear in the input deck.

Acceptable range: 0.0 <VFCRAD <1.0.

Default value: none.

VFCRAD until NSFRAD(Y) numbers are entered.
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Conservation of energy in a system of radiating surfaces depends on the fact whether the reciprocity
relation and closure relation is fulfilled with good accuracy. The reciprocity relation is:

A Fi—>j = Aj Fj—)i

where A is the surface area, m?, of the i-th radiating surface. The closure relation is:

zN: F,; =10

j=1

where N is the total number of radiating surfaces within a given radiating system, NSFRAD(Y). The
program checks if those relations are fulfilled with an accuracy of at least 8 decimal places. Therefore
view factors must be carefully evaluated before the radiation model can be activated.

2.6.,5 Records: 530YXX, Beam Lengths

Y =1, ..., 9, is the radiating system number. The numbering of radiating systems must be consecutive.
XX is the reference number of a radiating surface. XX need not be consecutive. The maximum number
of radiating surfaces in each radiating system is 90.

The data on records 530Y XX give average beam lengths between the surface XX and all other surfaces
belonging to the system Y. Several records with the same number may be entered. The data is read
sequentially.

W-1(R): XBLRAD Average beam length between the surface YXX and the surface Y01,
Lyxx—vo1. This number is used to determine the gas emissivity and
absorptivity on the path between surface Y XX and YOL.

Acceptable range: XBLRAD = 0.0, if the corresponding view factor,
VFCRAD, is equal to zero;
109 < XBLRAD < 10%, if the corresponding view
factor, VFCRAD, is positive.

Default value: none.

W-2 (R): XBLRAD Average beam length between the surface YXX and the surface Y02,
Lyxx—voz. The 1l-th word on the record gives the beam length between
the surface YXX and the surface YIl. NSFRAD numbers must be
entered. Several records with the same number may be used. The records
are read sequentially in the order they appear in the input deck.
Acceptable range: XBLRAD = 0.0, if the corresponding view factor,
VFCRAD, is equal to zero;
101° < XBLRAD < 10%, if the corresponding view
factor, VFCRAD, is positive.

Default value: none.

XBLRAD until NSFRAD numbers are entered.
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2.6.6 Records: 531YXX, Beam Lengths for Multiple CV Paths

Y =1,..., 9, is the radiating system number. The numbering of radiating systems must be consecutive.
XX is the reference number of a radiating surface. XX need not be consecutive. The maximum number
of radiating surfaces in each radiating system is 90.

The data on records 531Y XX give average beam lengths for cases when beam passes through several
Control Volumes. f a set of volumes is specified for radiation path between surfaces i and j, then
exactly the same set of volumes must be supplied for the path between surfaces j and i. In fact it is
better to specify data for one direction only (for example i — j). In such case the code will assume the
same volumes and beam length for the “return” path (j — i). If the beam length on the path i — j are
different then the lengths on the path j — i, then a warning message is printed but such input is accepted
for calculations. It may be used if gas emissivity is close to 1.0 and all radiation is absorbed on the in
the vicinity of the radiating surface.

W-1(I): JJ Surface number. The following entries define beam lengths on the path
between surface YXX and YJJ.
Acceptable range: JJ must be a valid surface number in the system Y.

Default value: none.

W-2(I): ICV(1) Control Volume number.
Acceptable range: ICV/(1) must be a valid Control Volume number.
Default value: none.

W-3(R): YBLRAD(1) Average beam length in the Control Volume ICV(1).

Acceptable range: YBLRAD(1) > 0.0, Sum of all values of
YBLRAD(i) must be the same as the total beam
length, XBLRAD, entered in the record 530Y XX.

Default value: none.

W-4 (I) : ICV(2) Control Volume number.
Acceptable range: ICV/(2) must be a valid Control Volume number.
Default value: none.

W-5 (R) : YBLRAD(2) Average beam length in the Control Volume ICV(2).

Acceptable range: YBLRAD(2) > 0.0, Sum of all values of
YBLRAD(i) must be the same as the total beam
length, XBLRAD, entered in the record 530Y XX.
Default value: none.

until all beam lengths are defined. The maximum number of Control Volumes on a single
radiation beam path is 10.

2.6.7 Records: 5400XX, Radiation Properties of Gases

XX =01, 02, ..., NGAS is the ID number of the gas. The number of gases is the same as in the gas
property main data base. The following built-in gases are built-in:
1=H2,2=He,3=H20,4=N2,5=02,6=C02
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The radiation properties of gases are defined in this record. The same radiation properties of gases are
used for all radiating systems. This record is optional. All entries from this record have their default
values, recommended for general application.

W-1 (R):

W-2 (R):

W-3(R):

W-4 (R) :

282

EMSMAX Gas emissivity at infinite path length, €... This number is also used as a

AEMISG

BEMISG

CEMISG

selector of the gas emissivity correlation. If the value is: 0.0 < EMSMAX
< 1.0 the emissivity for gas i (i=XXX) is calculated from the following
correlation:

g = gi’w{l—exp [(a, +bT)(p,L)" ] }

where &, &i, bi, Ci are user input constants.
EMSMAX=0.0: gas does not participate in radiative heat transfer.
EMSMAX>0.0: maximum emissivity = EMSMAX, gray gas model is
applied for spectral overlap: Aey = &y, -+ £co, (see Volume 1)
EMSMAX<0.0: recommended Kostowski correlations are used for
steam and CO, The correlation for spectral overlap, Ag, =
f(T,Pr,0,Pco,), described in Volume 1, is used, with the limit set by
the gray gas model: Agy < &p,0 * £co, -
Note! For gases other than steam and CO, EMSMAX < 0 gives the same
effect as EMSMAX = 0.0, no emission/absorption. Note that if zero is
entered then the default value is assumed which for steam and CO; is: —
1, and leads to Kostowski correlations. If the emissivity of these gases
needs to be switched off then a small positive value, 10°*°, should be
entered.
Acceptable range: 0.0 <EMSMAX <1.0 or EMSMAX =-1.0
Default value: 1.0, if XX =3 (H20) or XX =6 (COy),

0.0, for all other gases.

Constant & in general equation for gas emissivity. Used only if
EMSMAX is greater than zero for this gas.

Acceptable range: AEMISG >0.0.

Default value: 0.0.

Constant b; in general equation for gas emissivity. Used only if
EMSMAX is greater than zero for this gas. The values of a; + biT must
be positive to obtain physically correct results. Input processing
subroutines check if the condition is fulfilled for up to 2200 K, that
means: a; + bi-2200 > 0.0. The calculation procedures ensure that the
sum a; + biT is never negative. If a negative value is obtained it will be
set to zero.

Acceptable range: BEMISG > -AEMISG/2200.0 .

Default value: 0.0.

Constant c; in general equation for gas emissivity. Used only if
EMSMAX is greater than zero for this gas.

Acceptable range: CEMISG >0.0.

Default value: 0.0.
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W-5(R): XABSPG Exponent, n, in gas absorptivity correlation. Absorptivity is calculated
from the following correlation:

T ) T
a, = —gj & {TW,pL—WJ
’ (TW ’ Tg

where: Ty - gas temperature, (K),
Tw - wall temperature, (K),
pL - optical length, (Pa m),
&g - gas emissivity calculated at wall temperature
and optical length multiplied by the radio
(Tw/Tg), (),
n - constant defined by user = XABSPG.

The value of XABSPG is used only if the gas is participating in the
radiative heat transfer, that means if EMSMAX > 0.0 (for all gases), or
if EMSMAX < 0.0 (for steam and COy).
Acceptable range: 0.0 < XABSPG<1.0.
Default value: 0.45, if XXX =3 (H20),

0.65, if XXX =6 (COy),

0.50, for all other gases.

2.6.8 Records: 541000, Radiation Properties of Aerosols

The radiation properties of aerosols are defined in this record. The same radiation properties of
aerosols are used for all radiating systems. This record is optional. Note: in order to take the aerosol
radiation into account, the parameters present in this record must be defined, as described below.

The emissivity of a mixture of gases and aerosol particles is obtained from:

Ngas
Emix =1- (1_8aer) 'H(l_gk)
k=1

The aerosol emissivity is calculated from (see Volume 1):

N

size _2
e =1 exp[— L->n,- (%J (Bgey + 0, T ™ ):I
i=1

Eaer emissivity of aerosols, (-)

L radiation beam length, (m)

n; density of aerosol size section i, (1/m?)
Di diameter of aerosol size section i, (m)
T temperature, (K)

Nsize number of aerosol size sections

Qaer, Daer, Caer user-defined constants, entered in this record
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In absence of a more detailed data, a simple way to take the aerosol emissivity into account is to use
the following values of the model constants: aaer = 1.0, baer = 0.0, Caer = 0.0. In such case the aerosol

emissivity is equal to:
Ngize 7ZD-2
Eqor =1—€Xp|—L- > n | —=
aer p|: ; 1 [ 4

W-2 (R): AAERTR Constant axr in the equation for the aerosol emissivity. If the value is
zero then the aerosol emissivity is not taken into account.
Acceptable range: AAERTR >0.0
Default value: 0.0

W-3(R): BAERTR Constant b, in the equation for the aerosol emissivity.
Acceptable range: BAERTR >0.0
Default value: 0.0.

W-4 (R) : CAERTR Constant cqer in thel equation for the aerosol emissivity.

Acceptable range: —10.0 < CAERTR<10.0.
Default value: 0.0.
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2.6.9 Example of Thermal Radiation Input Data

As an example problem the radiative heat transfer inside a cylindrical space, partly filled with liquid
water is considered. The geometrical configuration is shown in Figure 2-42. A single Control VVolume
is used, which is filled with liquid water up to the height of Hyoo. The remaining, gas filled part of the
CV, has the height of Hgas.

\ 3
ot .5 9,
?\ 92 .
21 3 > ] H,,,
?_&p 0\\?
) a ¥ & Y

pool

s ‘

Rin >
R

out
>
Figure 2-42 Geometrical configuration for Thermal Radiation example problem.

Four solid conductors are used to model the walls, ceiling and floor of the volume (see example
problem in section 2.3.39). SC-001 is a cylindrical Heat Conductor, which represents the outer wall,
above the liquid level. The inner radius of this wall is equal to the outer radius of the cylindrical space,
Rout. The height is equal to the height of gas space, Hgas. SC-002 represents the inner wall. The outer
radius of this SC is equal to Ri,. SC-3 is a rectangular conductor, which represents the ceiling. SC-004
represents the floor. Additional conductors may be used in the model to represent the cylindrical walls
below the liquid level, (as in the example problem shown in section 2.3.39), but are not considered
here since they will not participate in radiation heat transfer.

The thermal radiation input is created in three steps:
I First, the surfaces which will be allowed to participate in radiation heat transfer are chosen and

associated with the appropriate SC surfaces. In this problem the following associations are made:
Surface: 1 - SC-1, left side,

Surface: 2 - SC-2, right side,

Surface: 3 - SC-3, right side (this must be the lower side of SC-3. The right side is the lower
one if IVERSC =1 for this SC, see section 2.3.39),

Surface: 4 - SC-4, right side (this must be the upper side of SC-4. The right side is the upper

one if IVERSC = -1 for this SC, see section 2.3.39).
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For the surface 4 the pool radiation option is chosen. The SC is considered as a floor for the pool.
When the pool is present the radiative flux will be deposited at the pool surface. If there is no pool
in the CV then the right surface of SC-4 will participate in radiation heat transfer. The area of SC-
4 must be equal to the cross section area of the CV, so that the view factors calculated based on
surface area of SC-4 are appropriate for the pool surface too. If the pool level changes during the
calculations it may partly cover the SC-1 and SC-2. Still the radiation heat transfer areas and the
view factors will remain the same. The view factors are not recalculated during transient.
Consequently the areas must remain the same to avoid violation of radiant energy conservation.

Second, view factors must be calculated. The view factors must be supplied with good accuracy
(see Volume 1). For the considered geometry the view factors may be calculated using the formulae
shown in [14] (page 15-46):

View factor from the outer wall to the inner wall is equal to:

1
F1—>2 =3 "

X

1 b 1 2 2 b . (1) ma
e {arccos(gj o (\/ (@+2)°—(2X) - arccos(gj +b-arcsin (Yj - TH

View factor from the outer wall to the outer wall itself is equal to:

[2\/x2—1]_
Y

Fl

—

L =1—i+i~arctan
X X

v o [VaXZEYE  (A(XE D) +YPIX?(X2=2)
— . -arcsin —
27X Y2 +4-(X?-1)

. xz—zj 72'('\/4XZ+Y2 J
—arcsin +—

X2 2 Y

The meaning of the symbols in the above equations is as follows:
X = Rouw/Rin

Y= Hgas/Rin

a=Y?+X* -1

b=Y2-X*+1

Due to symmetry the values of Fi_,3 and Fi_.. are equal. Thus once F1-,, and F1_,; are known the
values of F1_,3 and F1,4 are obtained as:

-3 =

1
F, F= E ) (1_ F.- FlﬁZ)

The remaining view factors are obtained using the reciprocity (AiFi—; = AjFj_i) and the closure
(2Fij = 1) relations.
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For the example problem the following data were assumed: Rin =5 m, Rout=15m, Hgas =5 m. The
resulting view factors are:

e F1,1=0.117156532
e F1,,=0.092480799
o Fi1,3=F1,4=0.395181335

Values of other view factors, calculated using the reciprocity and closure relations, are shown in
the listing below.

Note that the surface area of rectangular conductors (3 and 4), which is equal to 628.31853 (=200
7), must be entered with the accuracy corresponding to the accuracy of view factors (see section
2.3.39). For the cylindrical SC the program calculates the area internally using the length and
radius.

The last step is to calculate the mean beam lengths. The exact values may be obtained by rather
complicated integration. However there is no need to calculate beam lengths with very good
accuracy. They are used to obtain gas emissivity/absorptivity. This is done by correlations, which
have, at best, the accuracy of two decimal places. Here a simplified method, described below, is
used to obtained the mean beam lengths.

The mean beam lengths for all paths except Li1, are calculated by multiplying the distance

between the centres of surfaces by a constant factor, greater than one, (1 + ¢). The L1-,1 length was
estimated by multiplying the maximum possible beam length by the factor (1 — ¢).

L1—>2 = (1+ (D) : (Rout - Rin)
L3a4 = (1+ ¢) -H gas

1
Llas = (1+¢)'§'\/Hgas +(Rout o Rin)2 = L1»4

Ly =01-9)-2-yRs —R;

The other lengths were calculated assuming that Li—; = Lj_i . The value of ¢ was taken as 0.3. The
calculated beam lengths are shown in the printout below.

The average value of the beam length for an enclosure is calculated by the program internally, as:

N N
ZZAI 'Fiaj ’ Liaj
Lave = = Jr\Tl N
ZZ A Fi—>J'
i=1 j=1
where: A - area of surface i, (m?),
Fioi - view factor between surface i and j, (-),
Lioj - mean beam length between surface i and j, (m).

The average value is compared with an "engineering estimation" of mean beam length in an
enclosure, which is ([14] page 15-65):
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Y
La@ ::_Zr
where: vV - total volume of the enclosure, (m°)
A - total surface area of the enclosure, = A, (m?)

In the presented example the Las is equal to 7.60, while Leng is equal to 7.93. Another possibility
of calculating the beam lengths is to calculate Leng and then use this value for all Li_;.

A program to calculate view factors and beam lengths in a cylindrical enclosure, using the formulae
shown above on is provided in: \Z-INPUTS\TR\CyIVF. SPECTRA input for the example problem
is shown below. The default gas radiation models are used in the presented example.

505

Thermal radiation data

100 Cylindrical system with radiation to pool

500100 2 * radiation model : absorbing/emitting medium

*

510101 1 7 0o * TR-101 = SC-001, left surface

510102 2 7 0 * TR-102 = SC-002, right surface

510103 3 7 0 * TR-103 = SC-003, right surface

510104 4 7 1 * TR-104 = SC-004, right surface, pool option

*

* View factors, F(il>])

* \j j=1 j=2 j=3 j=4

* i\

520101 0.117156532 0.092480799 0.395181335 0.395181335
520102 0.277442397 0.000000000 0.361278801 0.361278801
520103 0.296386001 0.090319700 0.000000000 0.613294299
520104 0.296386001 0.090319700 0.613294299 0.000000000
*

* Beam lengths, L(i->Jj)

g =1 =2 3=3 =4

* i\

530101 19.8 13.0 7.3 7.3

530102 13.0 0.0 7.3 7.3

530103 7.3 7.3 0.0 6.5

530104 7.3 7.3 6.5 0.0
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2.7 Tabular Function Input Data

2.7.1 Records: 605XXX, Tabular Function Name

XXX is the Tabular Function reference number, 001 < XXX < 999. The TF reference numbers need
not be consecutive. The maximum number of Tabular Functions is 999.

W-1(A): NAMETF User defined name, length up to 50 characters. The name is read as a 50-
character string, starting from the first non-blank character after the
record identifier. There must be at least one blank character, separating
the name from the record identifier.

Acceptable range: any string of up to 50 characters.
Default value: 50 "underline" characters: " " .

2.7.2 Records: 601XXX, Scaling Factor and Additive Constant

XXX is the Tabular Function reference number, 001 < XXX <999. The TF reference numbers need
not be consecutive. The maximum number of Tabular Functions is 999.

W-1(R): SCLFTF  Scaling factor, S. The value defined by the tabulated data points, or
interactively by the user, is multiplied by this factor.
Acceptable range: all real numbers.
Default value: 1.0 (a small number <10-%°, sets the value to 0.0).

W-2 (R): ADDCTF Additive constant, A. The value of this constant is added to the value

defined by the tabulated data points, or interactively by the user. The
value of Tabular Function is:

TE@) = f(t)-S+A

Acceptable range: all real numbers.
Default value: 0.0.

2.7.3 Records: 602XXX, Lower and Upper Limits, Rate Change Limits

XXX is the Tabular Function reference number, 001 < XXX < 999. The TF reference numbers need
not be consecutive. The maximum number of Tabular Functions is 999.

W-1(R): VMINTF  Minimum value of Tabular Function: TF(t) > VMINTF.

Acceptable range: —10% < VMINTF < +10%

Default value: ~10% (a small number <10, sets the value to 0.0)
W-2 (R): VMAXTF Maximum value of Tabular Function: TF(t) < VMAXTF.

Acceptable range: —10% < VMAXTF < +10%
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Default value: +10% (a small number <10, sets the value to 0.0)

W-3(R): DDDTTF Maximum rate of change in case of decreasing value of TF:
d TF(t) / dt > DDDTTF.
Acceptable range: —10% <DDDTTF<0.0
Default value: —10% (a small number <10-%°, sets the value to 0.0)

W-4 (R): DIDTTF  Maximum rate of change in case of increasing value of TF:
d TF(t) / dt < +DIDTTF.
Acceptable range: 0.0 <DIDTTF < +10%®
Default value: +10% (a small number <10, sets the value to 0.0)

2.7.4 Records: 603XXX, Rate Change Limits for Generating Message

XXX is the Tabular Function reference number, 001 < XXX < 999. A message is written to the
message file (and optionally screen) if the TF value or the rate of change exceeds the values defined
in this record.

W-1(R): VMNMTF Minimum limit for messaging. Message is generated if:
TF(t) < VMNMTF.
Acceptable range: —10% < VMNMTF < +10%
Default value: -10%

W-2 (R): VMAXTF Maximum limit for messaging. Message is generated if:
TF(t) > VMAXTF.
Acceptable range: —10%° < VMAXTF < +10%
Default value: +10%

W-3(R): DDDMTF Rate of change in case of decreasing value of TF.

Message is generated if the rate of change is d TF(t) / dt < DDDMTF.
Acceptable range: —10%° < DDDMTF <0.0
Default value: -10%

W-4 (R): DIDMTF Rate of change in case of increasing value of TF.
Message is generated if the rate of change is d TF(t) / dt > +DIDMTF.
Acceptable range: 0.0 < DIDMTF < +10%
Default value: +10%

2.75 Records: 610XXX, Interpolation Type, Interactive Type

XXX is the Tabular Function reference number, 001 < XXX < 999. The TF reference numbers need
not be consecutive. The maximum number of Tabular Functions is 999.

W-1(I): INTKTF  The absolute value determines the type of interpolation, while the sign

determines whether this TF is an interactive function
INTKTF >0
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Non-interactive TF - the value of the TF is always determined by the
table, entered in the input deck.

INTKTF<O0

Interactive Tabular Function - this type of TF is useful in the simulation
mode. At any time of calculations the TF value may be modified in the
file *. TFD (see section 3.6). The value that needs to be specified in the
*TFD file is simply the TF number and the value that it should take.
Therefore, to set the value of TF-120 to 521.0 one needs to type (or the
simulation tool needs to send) the following line in the *. TFD file:

120 521.0

If there is no data for the TF in the *.TFD file, then the value of the
function will be determined by the table present in the input deck. If the
value is present in the *. TFD file, then the value of TF will change, the
rate of change being limited by the DDDTTF and DIDTTF, until it
reaches the value designated in *. TFD file, provided that it is not outside
the limits given by VMINTF, VMAXTF. The TF will stay at that value
for as long as it is present in the *. TFD file. If the value in the * TFD
value should change, the TF will start changing to reach the new value,
again respecting the limits set by DDDTTF, DIDTTF, VMINTF,
VMAXTF. If the value disappears from the *.TFD file, then the TF will
start changing to reach the value prescribed for it by the tabulated data
pairs, again respecting the limits set by DDDTTF, DIDTTF, VMINTF,
VMAXTF.

The type of interpolation is used only when the TF is using the data table,

not the value from the *.TFD file (in other words, when the *.TFD file

does not contain a value of this TF). The possible types of interpolations

are (see Figure 2-43):

[INTKTF|=1: linear interpolation (continuous function).

[INTKTF|=3: cubic interpolation (**smooth" function - continuous
function and it's first derivative).

Acceptable range: —3,-1, +1, +3.

Default value: -1.

2.7.6 Records: 611XXX, Automatic Reset Option for Interactive TF

XXX is the Tabular Function reference number, 001 < XXX <999. The TF reference numbers need
not be consecutive. The maximum number of Tabular Functions is 999.

W-1(R): RSETTF  Automatic reset for interactive TF. If the value of an interactive Tabular
Function has been specified in the *. TFD file, it is being used until a new
value is specified or the current value is removed. In order to switch
back to the TF data tabulated in the input deck, one must remove all
definitions of given TF from the TFD file. This can be done
automatically using the automatic reset option.
=0.0: automatic reset option not used
>0.0: automatic reset to the tabulated TF after the time of RSETTF (s)
since the function has been specified in the * TFD file. This option
removes the definition of the given TF from the *.TFD file after
specified amount of seconds elapses.
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Acceptable range: RSETTF>0.0
Default value: 0.0

2.7.7 Records: 600XXX, Tabular Function Data Records

XXX is the Tabular Function reference number, 001 < XXX < 999. The TF reference numbers need
not be consecutive. The maximum number of Tabular Functions is 999.

Each data record contains one data pair. The total number of data pairs may not exceed 20,000, for a
single Tabular Function.

W-1(R): TBFUNX Value of the independent variable, point I. In case of Tabular Functions
the independent variable is always time (s). If the user wishes to use
tables for which the independent variable is other than time, he must use
Control Functions (section 2.8).

Acceptable range: Values of TBFUNX must increase. Thus the value
for a given point must be greater than the previous
value (TBFUNX for the previous point).

Default value: none.

W-2 (R): TBFUNY Value of the dependent variable, point I. The value of the Tabular
Function XXX, f(t), at time equal to t = TBFUNX. Note that in case of
interactive TF the values tabulated in the input deck may be overridden
by the numbers entered by the user (or a simulation tool) in the file

*TFD.
Acceptable range: all real numbers.
Default value: none.
W-3(I): I Point number. If no value, or zero is entered, then the data points are

read sequentially - the first record in the input is interpreted as containing
the first point (I=1), then I=2, etc.

Acceptable range: 0 <1<20,000.

Default value: none.

2.7.8 Examples of Tabular Function Input and Use of * TFD

The example input of the Tabular Function data defines two Tabular Functions. TF-001 uses linear
interpolation between the data points. TF-002 uses cubic interpolation between the data points. Both
Tabular Functions are defined by seven data points. Negative value of the TF type means that the
interactive option is used, and the TF value may be redefined during calculations in the *. TFD file.
The limits of 0.0 and 99.0 are imposed on the values read from the *. TFD file.

605001 Example 1 of Tabular Function

601001 1.0 0.0 * Scaling factor, Additive constant
602001 0.0 99.0 * Limits

610001 -1 * Interactive, Linear Interpolation TF
*

* Time Value

600001 5.0 0.10 =
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Figure 2-43 shows the values of TF-001 and TF-002, as well as the data points. The data points are
shown using markers. The values of TF-001 and TF-002, calculated for times between 0 and 50 s, are
marked by lines.

The cubic interpolation ensures continuity of the first derivative in all range except for the boundary
(first and last) data points. In those points the derivative "jumps" to zero, since flat lines are used
outside the data points. The discontinuity was programmed on purpose, because this formulation is
considered safer for practical use. The cubic interpolation subroutine is used in SPECTRA, among
others, for the calculation of water properties. In this case the applied formulation allows to obtain

5

Tabular Function Test

I

w
\\\\ll\ll

Values of Tabular Functions

+O TF-001, linearinierpolation
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problem.

. 30
Time, s

correct behavior of the interpolated functions in the
region close to the freezing point. The fact that the
functions won't be smooth if the temperature drops
below the freezing point has no practical meaning. If
the user wishes to avoid this discontinuity, he can do
that by specific definition of the data points near the
boundary, as shown below.

The last two data points of TF-002 were given the same
value. It is seen in Figure 2-43 that the discontinuity of
the derivative, clearly seen at the left boundary of this
function, is not present at the right boundary.

Figure 2-43 Values of Tabular Functions (lines) and
data points (markers)
for the two Tabular Functions, defined in the example

By including the point numbers (Word 3) the data can be entered in an arbitrary order. For example,
the two definitions shown below are equivalent:

605001
601001
602001
610001

*

Example 1 of Tabular Function

1.0
0.0

-1

0.
99.

0
0

*

*

*

Scaling factor,

Limits

Additive constant

Interactive, Linear Interpolation TF
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* Time Value Point
600001 5.0 0.10 1 %
600001 10.0 1.10 2 *
600001 15.0 1.10 3 *
600001 25.0 0.20 4 *
600001 30.0 2.50 5 *
600001 35.0 1.00 6 *
600001 45.0 1.00 70*

605001 Example 1 of Tabular Function

601001 1.0 0.0 * Scaling factor, Additive constant
602001 0.0 99.0 *  Limits

610001 -1 * Interactive, Linear Interpolation TF
*

* Time  Value Point

600001 45.0 1.00 7%

600001 5.0 0.10 1 =

600001 35.0 1.00 6 *

600001 10.0 1.10 2 *

600001 15.0 1.10 3 %

600001 25.0 0.20 4 =

600001 30.0 2.50 5 *

Both sets of records shown above define the same function.
The data present in the *. TFD file may have two formats:

e Arbitrary number of pairs, for example:
120 1.0 200 1.5 250 -5.0
The above record will set (immediately as it appears in the *. TFD file) the following
values: TF-120=1.0, TF-200=1.5, TF-250=-5.0
e Three input parameters, single TF definition with TIMEON. For example:
120 1.0 1000.0
The above record will set TF-120=1.0 at the time = TIMEOF =1000.0 s (or immediately if
the current time is larger than 1000.0 s.
Another example. The following records:
120 1.0 1000.0
120 2.0 2000.0
120 5.0 3000.0
will set the value of TF-120to 1.0 at t = 1000.0 s, to 2.0 at t = 2000.0 s, and finally to 5.0
att=5000.0s.

Note that the maximum amount of data pairs that can be defined in a single line is 20. This means up

to 20 Tabular Function values can be specified in a single record, if the first format (immediate action)
is used.
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2.8 Control Function Input Data

2.8.1 Records: 700XXX, Control Function Main Data

XXX is the Control Function reference number, 001 < XXX < 999. The CF reference numbers need
not be consecutive. The maximum number of Control Functions is 999.

W-1(I): IGRPCF  First identifier defining the type of Control Function - see Table 2-22.
Acceptable range: 1 <IGRPCF <3.
Default value: none.

W-2 (1) : INUMCF  Second identifier defining the type of Control Function, Table 2-22.

Acceptable range: 1 <INUMCF <9, if IGRPCF =1,
1 <INUMCF < 16,if IGRPCF =2,
1 <INUMCF <5, if IGRPCF =3.
Default value: none.

W-3 (R): SCLFCF  Scaling factor, S. The result of the function defined by previous two
integers is multiplied by this factor.
Acceptable range: all real numbers
Default value: 1.0 (a small number <107, sets the value to 0.0)

W-4 (R) : ADDFCF  Additive constant, A. The value of this constant is added to the calculated
value of the function. The value of Control Function is:

CF(t) = f (X, X,,...) S+ A

Acceptable range: all real numbers
Default value: 0.0.

2.8.2 Records: 701XXX, Initial Value

XXX is the Control Function reference number, 001 < XXX < 999.

W-1(1): INTCF Initial value calculation indicator.
1 Initial value is calculated.
2: Input value (Word 2 below) is used. Use this option also when the

initial value should be read from an Initial Condition File - ICF
(section 2.16.3).
Acceptable range: 1, 2. For integral type CF the initial value must be
specified, therefor INTCF must be equal to 2
Default value: 1 for all CF types except integral, 2 for integral.

W-2 (R): CONFUN Initial value of the Control Function.

Acceptable range: —10% < CONFUN < +10%.
Default value: 0.0.
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Table 2-22 Types of Control Functions.

Group and No. Number
Function type of FORTRAN definition
arguments
IGRPCF INUMCF
1 1 Add / subtract < 100 f=a1 +(-) az +(-)...+(-) an
2 Multiply / divide < 100 f=a (/) az (/) ...-(/) an
3 Power function 2 f = ar ** ax if a1 > 0
f =-lai| ** a if a1 < 0
4 Selected argument 4 IF ( a1 .LT. a2 ) THEN
f = as
ELSE
f = as
ENDIF
5 General tabular < 100 see example in section 2.8.6
function
6 Hysteresis 3 see example in section 2.8.11
7 Derivative 1 f=(a -a% ) / At
8 Integral 1 f = f% + arAt
9 Random number 1 f = rnd() - S(a1) + A(a1)
2 1 Absolute value 1 f = DABS (a1)
2 Minimum value < 100 f = DMIN1 (a1, az, ... an)
3 Maximum value < 100 f = DMAX1 (a1, az,... an)
4 Square root 1 £ = DSOQRT (a1)
Exponent 1 f = DEXP (a1)
6 Natural logarithm 1 f = DLOG (a1)
7 Decimal logarithm 1 f = DLOG10 (a1)
8 Sine 1 f = DSIN (a1)
9 Cosine 1 f = DCOS (a1)
10 Tangent 1 f = DTAN (a1)
11 Arc sine 1 f = DASIN (a1)
12 Arc cosine 1 £ = DACOS (a1)
13 Arc tangent 1 f = DATAN (a1)
14 Hyperbolic sine 1 £ = DSINH (a1)
15 Hyperbolic cosine 1 f = DCOSH (a1)
16 Hyperbolic tangent 1 f = DTANH (a1)
3 1 Error function 1 f = DERF (a1)
2 Complementary error f. 1 f = DERFC (a1)
3 Gamma function 1 f = DGAMMA (a1)
4 Log gamma function 1 f = DLGAMA (a1)
5 Reactor Kinetics 1 see Volume 1
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2.8.3 Records: 702XXX, Lower and Upper Limits, Rate Change Limits

XXX is the Control Function reference number, 001 < XXX < 999.

W-1(R): VMINCF  Minimum value of Control Function: CF(t) > VMINCF.
Acceptable range: —10% < VMINCF < +10%
Default value: —10% (a small number <107, sets the value to 0.0)

W-2 (R): VMAXCF Maximum value of Control Function: CF(t) < VMAXCEF.
Acceptable range: —10% < VMAXCF < +10%
Default value: +10% (a small number <10, sets the value to 0.0)

W-3 (R): DDDTCF Maximum rate of change in case of decreasing value of CF:
d CF(t) / dt > DDDTCF.
Acceptable range: —10% < DDDTCF < 0.0
Default value: —10% (a small number <107, sets the value to 0.0)

W-4 (R) : DIDTCF  Maximum rate of change in case of increasing value of CF:
d CF(t) / dt < DIDTCF.
Acceptable range: 0.0 < DIDTCF < +10%
Default value: +10% (a small number <10, sets the value to 0.0)

2.8.4 Records: 703XXX, Rate Change Limits for Generating Message

XXX is the Control Function reference number, 001 < XXX < 999. A message is written to the
message file (and optionally screen) if the CF value or the rate of change exceeds the values defined
in this record.

W-1(R): VMNMCF Minimum limit for messaging. Message is generated if:
CF(t) < VMNMCEF.
Acceptable range: —10% < VMNMCF < +10%
Default value: -10%®

W-2 (R): VMAXTF Maximum limit for messaging. Message is generated if:
CF(t) > VMAXCF.
Acceptable range: —10% < VMAXCF < +10%
Default value: +10%

W-3(R): DDDMCEF Rate of change in case of decreasing value of CF.

Message is generated if the rate of change is d CF(t) / dt < DDDMCF.
Acceptable range: —10% < DDDMCF < 0.0
Default value: -10%

W-4 (R) : DIDMCF Rate of change in case of increasing value of CF.
Message is generated if the rate of change is d CF(t) / dt > +DIDMCEF.
Acceptable range: 0.0 < DIDMCF < +10%
Default value: +10%
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2.8.5 Records: 705XXX, Control Function Name

XXX is the Control Function reference number, 001 < XXX < 999,

W-1(A): NAMECF User defined name, length up to 50 characters. The name is read as a 50-
character string, starting from the first non-blank character after the
record identifier. There must be at least one blank character, separating
the name from the record identifier.

Acceptable range: any string of up to 50 characters.
Default value: 50 "underline™ characters: " "

2.8.6 Records: 708XXX, Y-Coordinate Points for 2-D Tabular Functions

XXX is the Control Function reference number, 001 < XXX <999,

A General Tabular Function is one of the types of a Control Function (IGRPCF=1, INUMCF=5, - see
Table 2-22). The main difference between a Tabular Function (section 2.7) and a General Tabular
Function from the CF Package is the argument type. In case of a TF the argument is always time. This
allows excluding all TF from the main iteration loop to obtain implicit solution (the implicit values of
all TF is known; they are tabulated versus time, so the value at any given time point is readily
available). On the other hand the General Tabular Function type of a CF (IGRPCF=1, INUMCF=5, -
see Table 2-22) may use any variable from the SPECTRA data base as an argument. Since the implicit
value of its argument may not be available at the start of the time step, this CF, like all other CF, is
included in the main iteration loop to obtain implicit solution (the implicit treatment of CF may be
altered by setting argument calculation on explicit - record 709XXX, or by the implicit solution
indicator - record 715000).

There are two kinds of a General Tabular Function:

e Asimple, one-dimensional general Tabular Function. This function has two arguments. The
first argument defines an independent variable for this function. The second argument is a
reference number of a Tabular Function from the TF data base. An example is shown below.

605105 Tabular Function TF-123
* X f(x)
600105 300.0 0.0
600105 400.0 1.0

*

705105 1-D General Tabular Function

* Group Number Fact. Const.

700105 1 5 1.0 0.0 *  Type : General TF

* Arguments

* Pointers: (1) (2) (3) (4) Fact. Const.

710105 1 123 14 1 1.0 0.0 * Use CV-123-Temp-atms as argument
710105 6 105 1 0 1.0 0.0 * Use table TF-105

In the above example Tabular Function, TF-105 and a General Tabular Function, CF-105, are
defined. The value of TF-105 will be equal to zero for times t<300.0 s, increase linearly to 1.0
during 300.0 < t <400.0 s, and remain equal to 1.0 afterwards. The value of CF-105 will be
equal to zero when the atmosphere temperature in CV-123 is below T < 300.0 K, increase
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linearly to 1.0 with the temperature increasing between 300.0 < T < 400.0 K, and remain equal
to 1.0 for higher temperatures.

e A two-dimensional Tabular Function, F(x,y), may be created, where X is the first argument
and y is the second argument. In this case the general Tabular Function should be defined by
a number of TFs, each TF defining the value of function versus the argument x for one value
of the argument y. The y-arguments are defined in this record. An example of a 2-D function
is shown below.

605101 Efficiency versus flow, pump speed of 20 rev/s

* X f(x)
600101 0.05 0.30
600101 0.2 0.60
600101 0.5 0.72
600101 0.8 0.80
600101 1.0 0.75
600101 1.1 0.70

*

605102 Efficiency versus flow, pump speed of 40 rev/s

* X f(x)
600102 0.05 0.40
600102 0.1 0.60
600102 0.2 0.70
600102 0.5 0.82
600102 1.0 0.85
600102 1.1 0.81

*

605103 Efficiency versus flow, pump speed of 50 rev/s

* X f(x)
600103 0.05 0.50
600103 0.1 0.70
600103 0.2 0.80
600103 0.35 0.90
600103 1.0 0.92
600103 1.1 0.88

*

705100 2-D General Tabular Function

* Group Number Fact. Const.

700100 1 5 1.0 0.0 *  Type : General TF

* vl y2 y3

708100 20.0 40.0 50.0 * y-coordinate data points (pump speeds)

* Arguments

* Pointers: (1) (2) (3) (4) Fact. Const.

710100 2 500 37 2 1.0 0.0 * x-argument: JN-500, pump flow (pool)
710100 6 101 1 0 1.0 0.0 * uses TF-101 for y = yl

710100 6 102 1 0 1.0 0.0 * uses TF-102 for y = y2

710100 6 103 1 0 1.0 0.0 * uses TF-103 for y = y3

710100 2 500 36 2 1.0 0.0 * y-argument: JN-500, pump speed (pool)

The above example defines the pump efficiency, as a function of pump volumetric flow and pump
speed. During the calculations a 2-D interpolation is performed to find the value of a function.

For example, suppose that during the execution the CF-100 (pump efficiency) should be calculated
for the Volumetric flow of V = 0.15 m%/s and speed of 45 rev/s. First the x-coordinate interpolations
are performed,; the calculated values are (see the data values above):

® =40.0 rev/s TF-102 (x=0.15) = 0.65
® =50.0 rev/s TF-103 (x=0.15) = 0.75

Now the linear interpolations between the two points shown above is performed, to give:

® =45.0 rev/s CF-100 (x=0.15, y=45.0) = 0.70
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Value of CF-100 (pump cfficicncy)

Figure 2-44

The y-coordinate data points are defined by the following data words:

W-1(R):

W-2 (R):
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Two-D Function Example: CF-100

Second argument (Wyy_s00) = 50.0

oment (O s00) = 4G
® ~

0.5 1
First argument (pump volumetric flow, m*/s)

Example of a 2-D General Tabular Function

ARG2CF  The first y-coordinate value for the 2-D interpolation.

Q) Acceptable range: any real.
Default value: none.

ARG2CF  The second y-coordinate value for the 2-D interpolation.
2 Acceptable range: ARG2CF(2) > ARG2CF(1).

Default value: none.

... until all arguments are entered. The number of y-coordinate data points must be the same as the
number of Tabular Functions used with this CF. The first argument for the general Tabular Function
defines an independent variable for the x-coordinate. The last argument defines an independent
variable for the y-coordinate. All other arguments are pointing to Tabular Functions. Since the total
number of arguments of any CF is limited to 100, and the first and last argument are defining the
independent variables, therefore the maximum number of Tabular Functions (and simultaneously the
maximum number of y-coordinate data points) is 98.

300
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2.8.7 Records: 709000, Implicit/Explicit Use of Arguments - Global Activator

This records specifies the implicit/explicit use of CF arguments for all Control Function. The values
can be redefined for each individual CF using the records 709XXX.

W-1(A): IMARCF Indicator defining the method of using CF arguments.
IMARCF = 1: Implicit (use end of time step value).
IMARCEF = 2: Explicit (use beginning of time step value, if such
value is available).

By default the implicit method is used. If convergence problems are
observed for Control Functions, then the explicit method should be used.
Note that not all variables are kept at the two levels: new time step and
old time step. Those variables for which the old time step value is
available and the explicit method may be used, are marked by the
symbol I/E in Table 2-23 through Table 2-32. Those for which only
implicit method is available are marked by the symbol I/-.

Acceptable range: 1or2.

Default value: 1.

This records specifies default values of the friction model parameters. The default values can be
redefined for each individual junction in the records 210XXX.

2.8.8 Records: 709XXX, Implicit/Explicit Use of Arguments

This records specifies the implicit/explicit use of CF arguments for Control Function with reference
number XXX, 001 < XXX <999,

W-1 (A): IMARCF Indicator defining the method of using CF arguments.
IMARCF = 1: Implicit (use end of time step value).
IMARCF = 2: Explicit (use beginning of time step value, if such
value is available).

By default the implicit method is used. If convergence problems are
observed for Control Functions, then the explicit method should be used.
Note that not all variables are kept at the two levels: new time step and
old time step. Those variables for which the old time step value is
available and the explicit method may be used, are marked by the
symbol I/E in Table 2-23 through Table 2-32. Those for which only
implicit method is available are marked by the symbol 1/-.

Acceptable range: 1lor?2.

Default value: 1.
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2.8.9 Records: 710XXX, Control Function Arguments

XXX is the Control Function reference number, 001 < XXX < 999. Each record with this number
defines one argument of the Control Function. Total number of arguments must be in agreement with
the number of arguments for the given type of Control Function, shown in Table 2-22.

W-1 (1) :

W-2(I):

302

IARG1C

IARG2C

First pointer for Control Function argument. The absolute value of this

pointer defines the data base from which the argument must be taken.

The sign of IARGIC is significant for the "Add" and "Multiply"

functions. A positive value means that during the calculation of the

Control Function this argument is added to ("Add" CF) or multiplied by

("Multiply" CF) the Control Function. A negative value means that

during the calculation of the Control Function this argument is

subtracted from the Control Function ("Add" CF) or that the Control

Function is divided by this argument ("Multiply" CF). The absolute

values should be as follows:

[IARG1C| =1: the argument will be taken from Control Volume
Data Base.

IARG1C| =2: Junction Data Base.

IARG1C| =3: 1-D Solid Conductor Data Base.

IARG1C| =4: 2-D Conductor Data Base.

IARG1C| =5: Thermal Radiation Data Base.

IARG1C| =6: Tabular Function Data Base.

IARG1C| =7: Control Function or Reactor Kinetics Data Base.

IARG1C| =8: Radioactive Particle Transport Data Base.

IARG1C| =9: The SOLVER Data Base.

In case of a Tabular Function (IGRPCF=1, INUMCF=5) the second

argument points to the Tabular Function Data Base (see Volume 1,

section XXX) and the value of IARG1C for the second argument must

be equal to 6, unless the first argument is time. In case of a hysteresis

function (IGRPCF=1, INUMCF=6) the second and third arguments

point to the Tabular Function Data Base and the values of IARG1C for

the second and third arguments must be equal to 6. Examples of the

hysteresis functions are shown in section 2.8.11.

Acceptable range: 1< |IARGIC| <.

Default value: none.

Second pointer for Control Function argument. This pointer defines the
component number, which holds the data needed for Control Function
argument. The following values should be used:

IARG2C = CV number, if IARG1C =1,
IARG2C = JN number, if IARG1C =2,
IARG2C = SC number, if IARG1C =3,
IARG2C = TC number, if IARG1C =4,
IARG2C = TR number, if IARG1C =5,
IARG2C = TF number, if ARG1C =6,
IARG2C = CF number or zero for RK, if ARG1C =7,
IARG2C = CV, JN, SC, TC number, or 0, if IARG1C =8,
IARG2C = not used, if ARG1C =09.

Acceptable range: must be a valid reference number, if non-zero.
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W-5 (R) :

W-6 (R) :

W-7 (1) :
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IARG3C

IARGAC

SCLACF

ADDACF

Default value: none.

Third pointer for Control Function argument. This pointer defines the
type of parameter (variable name). The values of IARG3C and their
interpretation are shown in Table 2-23 through Table 2-32.

Acceptable range: 0 <1ARG3C <131; if IARG1C=1,
1 <IARG3C <47; if IARG1C=2,
0 <IARG3C <43; if ARG1C=3,
0 <IARG3C < 59; if IARG1C=4,
1<IARG3C< 8; if IARG1C=5,
IARG3C = 1; if IARG1C=6,
0 <IARG3C < 25; if IARG1C=7,
1 < IARG3C <323; if ARG1C=8,
1<IARG3C< §; if ARG1C=9.
Default value: none.

Fourth pointer for Control Function argument. For example, if the
Control Volume temperature is needed (IARG1C = 1, IARG3C = 14;
see Table 2-23) then this pointer specifies whether the temperature of
the atmosphere gas (IARG4C =1), atmosphere droplets (=2), pool liquid
(=3), or pool bubbles (=4), is used. If the Solid Heat Conductor
Temperature is needed (IARG1C = 3, IARG3C = 16; see Table 2-23)
then this pointer specifies the node number. The values of IARGAC, their
interpretation and acceptable range, are shown in Table 2-23 through
Table 2-32.

Acceptable range: indicated in Table 2-23 through Table 2-32.
Default value: none.

Scaling factor for the CF argument. The value of the argument, defined
by previous four integers, a(t), is multiplied by this factor.

Acceptable range: all real numbers.

Default value: 1.0 (a small number <10-%°, sets the value to 0.0)

Additive constant for the CF argument. The value of this constant is
added to the calculated value of the argument. The argument value, used
by the Control Function is:

Arg,(t) = a;(t)- SCLACF + ADDACF,

Acceptable range: all real numbers.
Default value: 0.0.

Argument number. If no value, or zero is entered, then the argument data
are read sequentially - the first record in the input is interpreted as
containing the first argument (1=1), then I=2, etc.

Acceptable range: 0<1<100.

Default value: none.

Additional pointers for the Radioactive Particle Transport Package

K6223/24.277594 MSt-2402 303



W-8 (1) :

W-9 (I):

304

SPECTRA Code Manuals - Volume 2: User’s Guide

IARG5C

IARG6C

Fifth pointer for Control Function argument. This pointer is used for
some parameters in the Radioactive Particle Transport Package - Table
2-28. For example, if the gravitational deposition velocity of aerosol
particles is needed (IARG1C = 8, IARG3C =53 or 74, see Table 2-28)
then this pointer specifies the aerosol size section number. (Note that in
this case the fourth pointer specifies the boundary cell number). The
values of IARGS5C, their interpretation and acceptable range, are shown
in Table 2-28.

Acceptable range: indicated in Table 2-28.

Default value: none.

Sixth pointer for Control Function argument. This pointer is used for
some parameters in the Radioactive Particle Transport Package - Table
2-28. For example, if the deposited fractions in given Fa-section
(adhesion force section) is needed (IARG1C = 8, IARG3C = 65 or 86,
see Table 2-28) then this pointer specifies Fa-section number. (Note that
in this case the fifth pointer specifies the aerosol size section number and
the fourth pointer specifies the boundary cell number). The values of
IARG6C, their interpretation and acceptable range, are shown in Table
2-28.

Acceptable range: indicated in Table 2-28.

Default value: none.
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Table 2-23 List of arguments available for Control Functions,
variables available in Control Volume Data Base.

Pointer 1: IARGIC = 1, Control Volume Data Base Code name: CV
Pointer 2: IARG2C = CV reference number Code name: three digits
Pointers 3, 4 | Code Name
IARG3C | IARGAC | Description Examples Tmpl/Expl
Stratification data
1 Density Stratification Parameter Cv-123-_DSP-0000 I/E
2 Thermal Stratification Parameter Cv-123-_TSP-0000 I/E
3 Pool Stratification Parameter Cv-123-_PSP-0000 I/E
4 - Atmosphere temperature, bottom of CV or pool surface, K CV-123-Tatb-0000 I/E
5 Atmosphere temperature, top of CV, K CV-123-Tatt-0000 I/E
6 Pool temperature, bottom of CV, K CV-123-Tplb-0000 I/E
7 Pool temperature, pool surface, K CV-123-Tpls-0000 I/E
Pool surface dat
8 Pool level related to the bottom of CV, m CV-123-Zpls-0000 I/E
9 Velocity (upwards) of the pool surface, m/s CV-123-Vpls-0000 I/E
10 - Area of the pool surface, m? CV-123-Apls-0000 I/-
11 Volumetric fraction of droplets at the pool surface CV-123-Dpls-0000 I/E
12 Volumetric fraction of bubbles at the pool surface CV-123-Bpls-0000 I/E
Thermodynamic data
13 Pressure, Pa CV-123-Pres-atms I/E
14 Temperature, K CV-123-Temp-drop I/E
15 Saturation temperature, K CV-123-Tsat-pool I/E
16 l=atms Saturation pressure, Pa CV-123-Psat-bubb I/-
17 2=drop Volumetric fraction of dispersed in continuous comp. CV-123-VolF-atms I/-
18 3=pool Mass fraction of dispersed in continuous comp. CV-123-MasF-drop I/-
19 4=bubb Volume, m? CV-123-Volm-pool I/E
20 Mass, kg CV-123-Mass-atms I/E
21 Total internal energy, J CV-123-Enrg-drop I/E
22 Vertical velocity (atms drop: down; pool bubb: up), m/s CV-123-Vvrt-pool I/E
23 Horizontal velocity, m/s CV-123-Vhor-bubb I/E
Fluid property data
24 Density, m®/s CV-123-Dens-atms I/E
25 Specific internal energy, J/kg CV-123-SEnr-drop I/-
26 Specific enthalpy, J/kg CV-123-Enth-pool I/E
27 l=atms Viscosity, kg/m/s CV-123-Visc-bubb I/-
28 2=drop Thermal conductivity, W/m/K CV-123-Tcon-atms I/-
29 3=pool Specific heat at constant pressure, c,, J/kg/K Cv-123- Cp-drop I/E
30 4=bubb Specific heat at constant volume, c, J/kg/K Cv-123-_ Cv-pool I/E
31 Prandtl number CV-123-_ Pr-bubb I/-
32 Thermal expansion coefficient, 1/K CV-123-Beta-atms I/-
33 1, 4 Diffusion coefficient, m?/s CV-123-DifC-atms /-
34 2, 3 Surface tension, N/m CV-123-Sigm-drop I/-
Atmosphere and bubble gas data
35 Atmosphere, mass of given gas, kg Cv-123- Mag-H2 I/E
36 1=H, Atmosphere, gas partial pressure, Pa Cv-123-PPag-He I/-
37 2=He Atmosphere, mass fraction of given gas CV-123-CMag-H20_ I/E
38 3=H,0 Atmosphere, volume fraction of gas Cv-123-CVag-N2__ I/E
39 4=N, Bubbles, mass of given gas, kg Cv-123- Mpg-02 I/E
40 5=0, Bubbles, gas partial pressure, Pa CV-123-PPpg-CO2 I/-
41 6=CO, Bubbles, mass fraction of given gas CV-123-CMpg-H2 I/E
42 Bubbles, volume fraction of gas CV-123-CVpg-He I/E
43 l=atms Relative humidity CV-123-RHum-atms I/-
2=bubb CV-123-RHum-bubb
Dispersed component - particle data (bubbles and droplets)
44 Number of particles in a continuous component of a CV CV-123-P_No-drop I/E
45 1=drop Average position (bubb: from bottom, drop: from top), m CV-123-P_Po-bubb I/E
46 2=bubb Average diameter of a single particle, m Cv-123-P_Di-drop I/-
47 Average volume of a single particle, m? CV-123-P Vo-bubb I/-
Mass sources - Junction source data
48 l=atms Total mass source from all JN into a CV, kg/s CV-123-WmJIN-atms I/-
49 2=drop Enthalpy source associated with the mass source, J/s CV-123-HmJIN-drop I/-
3=pool
4=bubb
50 consec Diameter of created droplets, m CV-123-DdJN-0001 I/-
51 JIN Diameter of created bubbles, m CV-123-DbJdN-0002 I/-
52 number Droplet source strength, drop/s CV-123-SdJN-0003 I/-
53 in CV Bubble source strength, bubb/s CV-123-SbJN-0004 I/-
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continued.
Pointers 3, 4 Code Name
IARG3C | IARGAC Description Examples Impl/Expl
Mass source data - 1-D Solid Heat Conductor source data
54 l=atms Total mass source from all SC mass transfer CV-123-WmSC-atms I/-
55 2=drop (boiling, condensation) in a CV, kg/s
3=pool Enthalpy source associated with the mass source, J/s CV-123-HmSC-drop I/-
4=bubb
56 consec Diameter of created droplets, m CV-123-DdsC-0001 I/-
57 sC Diameter of created bubbles, m CV-123-DbSC-0002 I/-
58 number Droplet source strength, drop/s CV-123-SdSC-0003 I/-
59 in CV Bubble source strength, bubb/s CV-123-SbSC-0004 I/-
Mass source data - Non-equilibrium mass transfer data
60 l=atms Total mass source from all non-equilibrium processes, CV-123-WmNE-atms I/-
61 2=drop (flashing, fogging) in a CV, kg/s
3=pool Enthalpy source associated with the mass source, J/s CV-123-HmNE-drop I/-
4=bubb
62 Diameter of created droplets, m CV-123-DdANE-0000 I/-
63 - Diameter of created bubbles, m CV-123-DbNE-0000 I/-
64 Droplet source strength, drop/s CV-123-SdNE-0000 I/-
65 Bubble source strength, bubb/s CV-123-SbNE-0000 I/-
Mass source data - Inter-phase mass transfer data
66 l=atms Total mass source from all inter-phase processes, CV-123-WmIN-atms I/E
2=drop (evaporation, condensation) in a CV, kg/s
67 3=pool Enthalpy source associated with the mass source, J/s CV-123-HmIN-drop I/-
4=bubb
68 1=pool Inter-phase area, m? CV-123-A IN-pl>a I/E
69 -atms Mass flux at the inter-phase, kg/s/m? CV-123-W_IN-dp>a I/-
70 2=drop Heat flux at the inter-phase, W/m? CV-123-QhIN-pl>b I/-
71 -atms Enthalpy flux due to mass transfer, W/m? CV-123-OmIN-pl>a I/-
72 3=bubb Liquid temperature at the inter-phase, K CV-123-T1IN-dp>a I/-
-pool
Mass source data - De-entrainment data
73 l=atms Total mass source from all de-entrainment processes, CV-123-WmDE-atms I/-
2=drop (droplet, bubble; vertical horizontal) in a CV, kg/s
74 3=pool Enthalpy source associated with the mass source, J/s CV-123-HmDE-drop I/-
4=bubb
75 1=drop Mass transfer fluxes from individual processes, kg/s CV-123-WiDE-dp>v I/-
vert.
2=drop CV-123-WiDE-dp>h
hor.
3=bubb CV-123-WiDE-bb>v
vert.
Mass source data - Tabular mass sources
76 l=atms Total mass source from all tabular mass sources CV-123-WmMS-atms I/-
2=drop in a CV, kg/s
717 3=pool Enthalpy source associated with the mass source, J/s CV-123-HmMS-drop I/-
4=pubb
78 consec Diameter of created droplets, m CV-123-DdMS-0001 I/-
79 source Diameter of created bubbles, m CV-123-DbMS-0002 I/-
80 number Droplet source strength, drop/s CV-123-SdMS-0003 I/-
81 in CV Bubble source strength, bubb/s CV-123-SbMS-0004 I/-
Energy source data
82 Total energy source due to convection from all SC, W CV-123-Q_SC-atms I/-
83 l=atms Total energy source due to radiation from all SC, W CV-123-Qrad-drop I/-
84 2=drop Total energy source due to inter-phase processes, W CV-123-Q_IN-pool I/-
85 3=pool Total energy source for pool due to bubble collapse, W CV-123-Qcol-bubb I/-
86 4=bubb Total energy source due to tabular energy sources, W CV-123-Q_ES-atms I/-
87 Work, (p-dv/dt), W CV-123-PdVT-drop I/-
Bubble collapse data for Junction flows
88 Bubble collapse time, s CV-123-TcJN-0001 I/-
89 consec Bubble flow time, s CV-123-TfJN-0002 I/-
90 JN Pool bypass fraction CV-123-PsJN-0003 I/-
91 number Heat transfer coefficient during bubble collapse, W/m?K CV-123-HtJN-0004 I/-
92 Heat flux, W/m? CV-123-QtJN-0005 I/-
Bubble collapse data for Solid Heat Conductors
93 Bubble collapse time, s CV-123-TcSC-0001 I/-
94 consec Bubble flow time, s CV-123-T£SC-0002 I/-
95 sSC Pool bypass fraction CV-123-PsSC-0003 I/-
96 number Heat transfer coefficient during bubble collapse, W/m?K CV-123-HtSC-0004 I/-
97 Heat flux, W/m? CV-123-QtSC-0005 I/-
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continued.
Pointers 3, 4 | Code Name
IARG3C | IARGAC | Description Examples Tmpl/Expl
Bubble collapse data for the tabular mass sources
98 Bubble collapse time, s CV-123-TcMS-0001 I/-
99 consec Bubble flow time, s CV-123-TfMS-0002 I/-
100 source Pool bypass fraction CV-123-PsMS-0003 I/-
101 number Heat transfer coefficient during bubble collapse, W/m?K CV-123-HtMS-0004 I/-
102 Heat flux, W/m? CV-123-QtMS-0005 I/-
Summed quantities - individual gas masses (second pointer, IARG2C=000)
103 1=H, Sum of masses of a given gas in the atmosphere Cv-000-MagT-H2 I/-
2=He of all CV in the model, kg Cv-000-MagT-He
3=H,0 Cv-000-MagT-H20_
104 4=N, Sum of masses of a given gas in the pool bubbles CV-000-MpgT-N2__ I/-
5=0, of all CV in the model, kg Cv-000-MpgT-02_
6=CO, CV-000-MpgT-CO2
Summed quantities - component data (second pointer, IARG2C=000)
105 l=atms Sum of the volumes occupied by a given component in all Cv-000-VolT-atms I/-
2=drop CV in the model, m?

106 3=pool Sum of the masses of a given component in all CV, kg CV-000-MasT-drop I/-
107 4=bubb Sum of the energies of a given component in all CV, kg CV-000-EnrT-pool I/-
Summed quantities - overall data (second pointer, IARG2C=000)

108 Sum of the volumes occupied by all components in all CV CV-000-VolX-0000 I/-

in the model, m?
109 Sum of the masses of all components in all CV, kg CV-000-MasX-0000 I/-
110 - Sum of the energies of all components in all CV, kg CV-000-EnrX-0000 I/-
111 Mass error, kg CV-000-ErrM-0000 I/-
112 Energy error, J CV-000-ErrE-0000 I/-
Hydrogen burn data
113 Igniter temperature, K CV-123-Tign-0000 I/-
114 Maximum temperature of all structures present in CV, K CV-123-Twal-0000 I/-
115 Gas temperature, K CV-123-Tgas-0000 I/-
116 Gas velocity, m/s CV-123-Vgas-0000 I/-
117 Gas flammability, CV-123-Flam-0000 I/-
0 = inflammable
1 = slow deflagration expected if ignited
2 = FTD expected
3 = detonation expected
118 - Burn mode, CV-123-Burn-0000 I/E
0 = no burn
1 = slow deflagration in progress
2 = FTD in progress
3 = detonation in progress
119 Flame velocity, m/s CV-123-V£1m-0000 I/E
120 H, consumption rate, kg/s Cv-123-_mH2-0000 I/-
121 0, consumption rate, kg/s Cv-123-_m02-0000 I/-
122 H,0 production rate, kg/s CV-123-mH20-0000 I/-
123 Heat produced due to burn, W CV-123-Qbrn-0000 I/-
124 Time of start of burn (zero if no burn), s CV-123-Tbrn-0000 I/-
125 Length flame has propagated since start of burn, m CV-123-Prop-0000 I/-
126 H, fraction expected at the end of the burn CV-123-Feob-0000 I/-
127 Shock wave pressure, Pa CV-123-PshW-0000 I/-
128 Critical elevation (stratified volumes) CV-123-Zcrt-0000 I/-
1=H, Cv-123-Ccrt-H2
2=He Cv-123-Ccrt-He
129 3=H,0 Gas volume fractions at the critical elevation CV-123-Ccrt-H20_ I/-
4=N, Cv-123-Ccrt-N2_
5=0, Cv-123-Ccrt-02_
6=CO, CV-123-Ccrt-C02
Oxidation data
130 1=H, Mass source due to oxidation reactions in a CV, kg/s CV-123-WmOX-H2_ I/-
2=He CV-123-WmOX-He
3=H,0 CV-123-WmOX-H20_
131 4=N, Specific enthalpy of oxidizing gases, J/kg CV-123-HmOX-N2_ I/-
5=0, CV-123-HmOX-02
6=CO;, CV-123-HmOX-CO02
K6223/24.277594 MSt-2402 307




SPECTRA Code Manuals - Volume 2: User’s Guide

continued - Homogeneous Control Volumes

Pointer 1: IARGIC = 1, Control Volume Data Base Code name: CV
Pointer 2: IARG2C = CV reference number Code name: three digits
Pointers 3, 4 Code Name
IARG3C IARGAC Description Example Impl/Expl

Stratification data

Thermodynamic data
13 3 Volume center pressure, Pa CV-123-Pres-pool I/E
17 1 Void fraction, -, (volume fraction of gas) CV-123-VolF-atms I/-
18 1 Mass fraction of gas, - CV-123-MasF-atms I/-
14 Temperature, K CV-123-Temp-atms I/E
15 Saturation temperature, K CV-123-Tsat-pool I/E
16 Saturation pressure, Pa CV-123-Psat-atms I/-
19 l=gas Volume, m® CV-123-Volm-pool I/E

3=liq Mass, kg CV-123-Mass-atms I/E

20 Total internal energy, J CV-123-Enrg-pool I/E
21 Vertical velocity (gas down; pool bubb: up), m/s CV-123-Vvrt-atms I/E
22 Horizontal velocity, m/s CV-123-Vhor-pool I/E
23

Fluid property data
24 Density, m®/s CV-123-Dens-atms I/E
25 Specific internal energy, J/kg CV-123-SEnr-pool I/-
26 Specific enthalpy, J/kg CV-123-Enth-atms I/E
27 l=gas Viscosity, kg/m/s CV-123-Visc-pool I/-

3=1liq Thermal conductivity, W/m/K CV-123-Tcon-atms I/-

28 Specific heat at constant pressure, c,, J/kg/K Cv-123- Cp-pool I/E
29 Specific heat at constant volume, c, J/kg/K Cv-123-_ Cv-atms I/E
30 Prandtl number Cv-123-_ Pr-pool I/-
31 Thermal expansion coefficient, 1/K CV-123-Beta-atms I/-
32
33 l=gas Diffusion coefficient, m?/s CV-123-DifC-atms I/-
34 3=liq Surface tension, N/m CV-123-Sigm-pool I/-

Other parameters (IARG3C > 35) are available as for heterogeneous Control Volumes but only
parameters with the suffixes: -atms and -pool are available, with -atms meaning the gas phase and -
pool meaning the liquid phase. Parameters with the suffixes: -bubb -drop are not available, except for
bubble or droplet diameter and volume, CV-xxx-P_Di-bubb, CV-xxx-P_Di-drop, CV-xxx-P_Vo-
bubb, CV-xxx-P_Vo-drop.

Apart from the -bubb -drop, the following plot parameters are not available and should not be used for
the homogeneous CV:

Volume fraction of ligquid
Mass fraction of liquid

CV-xxx-VolF-pool
CV-xxx—-MasF-pool

(use:
(use:

1.0 - CV-xxx-VolF-atms)
1.0 - CV-xxx—-MasF-atms)

The pool level can be used. It gives the collapsed liquid level in a homogeneous CV:

Pool level:

CV-xxx-Zpls-0000

collapsed liquid level.

The volume-center Control VVolume pressure is available as the plot parameter: CV-XXX-Pres-pool.
The plot parameter: CV-XXX-Pres-atms gives the pressure at the collapsed liquid level in CV (in a
gas-filled CV this is the pressure at the CV bottom; in a liquid-filled CV this is the pressure at the CV

top).
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Table 2-24 List of arguments available for Control Functions,
variables available in Junction Data Base.

Pointer 1: IARGIC = 2, Junction Data Base Code name: JN
Pointer 2: IARG2C = JN reference number Code name: three digits
Pointers 3, 4 | Code Name
IARG3C | IARGAC | Description Examples Tmpl/Expl
Component data
1 Velocity, m/s JN-234-Velo-atms I/E
2 Mass flow, kg/s JN-234-Flow-drop I/E
3 l=atms Flow area, m? JN-234-Area-pool I/E
4 2=drop Temperature, K JN-234-Temp-bubb I/-
5 3=pool Density, kg/m? JN-234-Dens-atms I/-
6 4=bubb Specific enthalpy, J/kg JN-234-Enth-drop I/-
7 Specific heat at constant pressure, c,, J/kg/K JN-234-__ Cv-pool I/-
8 Specific heat at constant volume, c, J/kg/K JN-234- Cp-bubb I/-
Gas composition data

9 1=H, Atmosphere gas - mass fraction of given gas JN-234-CMag-H2 I/-
10 2=He Atmosphere gas - volume fraction of given gas JN-234-CVag-He I/-
11 3=H,0 Pool bubbles - mass fraction of given gas JN-234-CMpg-H20_ I/-
12 4=N, Pool bubbles - volume fraction of given gas JN-234-CVpg-N2__ I/-

5=0,

6=CO,

Overall data
13 Flow area of gas (atmosphere + bubbles), m? JN-234-Agas-0000 I/-
14 Flow area of liquid (pool + droplets), m? JN-234-A1ig-0000 I/-
15 Total flow area, m? JN-234-Area-0000 I/E
16 Mass flow of gas (atmosphere + bubbles), kg/s JN-234-Wgas-0000 I/-
17 Mass flow of liquid (pool + droplets), kg/s JN-234-W1ig-0000 I/-
18 - Total mass flow, kg/s JN-234-Wtot-0000 I/-
19 Average enthalpy of gas (atmosphere & bubbles), J/kg JN-234-Hgas-0000 I/-
20 Average enthalpy of liquid (pool & droplets), J/kg JN-234-H1ig-0000 I/-
21 Average enthalpy of fluid (gas & liquid), J/kg JN-234-Htot-0000 I/-
22 Average velocity of gas (atmosphere & bubbles), m/s JN-234-Vgas-0000 I/-
23 Average velocity of liquid (pool & droplets), m/s JN-234-V1ig-0000 I/-
24 1=H, Average gas composition (atmosphere & bubbles) JN-234-Cgas-H2___ I/-
2=He NOTE: JN-234-Cgas-He I/-
3=H,0 If diffusion parameters are requested (input record | JN-234-Cgas-H20 I/-
4=N, 256000, LDIFJN=2), then this parameter is replaced by: JN-234-Cgas-N2__ I/-
5=0, Volume transfer rate due to diffusion, m3/s, e.g.: JN-234-Cgas-02_ I/-
6=CO, JN-234-VDif-H2 JN-234-Cgas-C02 I/-
Valve data
25 ] - | Fraction open | JN-234-FrOp-0000 | 1/-
Critical flow data
26 - Critical flow indicator JN-234-_ICF-0000 I/-
27 Critical mass flux, kg/m?/s JN-234-Gert-0000 I/-
Atmosphere and pool data
28 Pressure at JN elevation, upstream (from) CV, Pa JN-234-_ P-F-atms I/E
29 l=atms Pressure at JN elevation, downstream (to) CV, Pa JN-234- P-T-pool I/E
30 2=pool Reynolds number JN-234- Re-atms I/-
31 Wall friction factor JN-234- ff-pool I/-
32 Form loss factor (K-factor), (-) JIN-234-Kfac-atms I/-
33 Pool level in JN, m JN-234-Zpol-0000 I/-
34 - Ratio of cp/c, for gas (atmosphere & bubbles) JN-234-CpCv-0000 I/-
35 Density of gas (atmosphere & bubbles), kg/m? JN-234-Rgas-0000 I/-
Pump/compressor/turbine data
36 Pump/compressor/turbine speed, rev/s JN-234-PSpd-atms I/-
37 Pump/compressor/turbine volumetric flow, m?/s JN-234-PVF1l-pool I/E
38 l=atms Pump/compressor/turbine pressure ratio JN-234-PRpr-atms I/E
39 2=pool Pump/compressor/turbine pressure head, Pa JN-234-PHef-pool I/-
40 Pump/compressor/turbine degradation factor (surge) JN-234-PHdf-atms I/-
41 Pump/compressor/turbine efficiency JN-234-PEff-pool I/E
42 Pump/compressor/turbine power into fluid, W JN-234-QPmp-atms I/E
43 Pump/compressor/turbine total power into fluid, W JN-234-QPmp-0000 I/E
44 - Pump/compressor/turbine friction power, =422Cw?, W JN-234-Qfrp-0000 I/-
45 Pump/compressor/turbine fluid plus friction power, W JN-234-QPfp-0000 I/-
46 l=atms Reduced flow divided by a function of reduced speed: JN-234-Vred-atms I/-
2=pool Vr [ (0r??)Y, - JN-234-Vred-pool I/-
Friction pressure loss + Local pressure loss

47 l=atms Single phase pressure loss (friction + local), [Pa] JN-234-DPfr-atms I/-
2=pool dP(f+K) = (K + fL/D) (pv?/2) JN-234-DPfr-pool I/-

K6223/24.277594 MSt-2402

309




SPECTRA Code Manuals - Volume 2: User’s Guide

Table 2-25 List of arguments available for Control Functions,
variables available in 1-D Solid Heat Conductor Data Base.

Pointer 1: IARGIC = 3, 1-D Solid Heat Conductor Data Base Code name: SC

Pointer 2: IARG2C = SC reference number Code name: three digits
Pointers 3, 4 | Code Name
IARG3C | TIARGAC | Description Examples Impl/Expl
SC surface data
1 -l=left Fraction of the surface immersed in the pool of a CV SC-345-Pool-left I/-
+1l=right
2 cell No Internal heat generation, W, in a cell of a single SC SC-345-Qcel-0001 I/-
or 0 or total SC (including multiplicity) when IARG4C=0
If IQPLSC=2, power density (W/m3) (SC-345-qcel-0001)
Fluid data at SC surfaces
3 <0=left Fluid temperature, K SC-345-Tfld-1-at I/-
4 >0=right | Heat transfer coefficient, W/m?/K (for fins->19) SC-345- HTC-1-pl I/-
5 [1|=atms Convective heat flux, W/m? (for fins->20) SC-345-Fcnv-1-rp I/-
6 |2 |=pool Convective heat, W (total, including multiplicity) SC-345-Qcnv-r-at I/-
7 | 3|=repr Fluid velocity, m/s (only |1| and |2| for IARGAC) SC-345-Vfld-r-pl I/-
Thermal radiation data
8 -l=left Radiative heat flux, W/m? SC-345-Frad-left I/-
9 +1l=right Radiative heat, W (total, including multiplicity) SC-345-Qrad-righ I/-
Local gas or particle concentrations at the SC surface
10 <0=left Volume fraction of gas or particle type SC-345-Vfrc-H2 1 I/E
>0=right SC-345-Vfrc-H201
|1=H, SC-345-Vfrc-C021
|2|=He SC-345-Vfrc-dp.1
| 31=H,0 SC-345-Vfrc-bb.1
11 [ 4]=N, Mass fraction of gas or particle type SC-345-Mfrc-H2 r I/E
[5]1=0, SC-345-Mfrc-H20r
| 61=CO, SC-345-Mfrc-CO2r
| 7|=drop SC-345-Mfrc-dp.r
| 8 | =bubb SC-345-Mfrc-bb.r
Condensation and boiling data
12 Condensate film thickness, m SC-345-Dcnd-left /-
13 -1l=left Critical heat flux, W/m? SC-345-gqCHF-righ I/-
14 +l=right | Condensation mass transfer rate, kg/m?/s SC-345-Mcnd-left I/-
15 Boiling mass transfer rate, kg/m?/s SC-345-Mboi-righ I/-
Mesh cell data
16 cell No. Cell temperature, K SC-345-Tcel-0001 I/E
or 0 or volume-averaged SC temperature when IARG4C=0
Extended surfaces (fins, spines) data
17 Efficiency of fins SC-345-EffF-1-at I/-
18 <0=left Enhancement of heat & mass transfer due to fins SC-345-EnhF-1-pl I/-
19 >0=right True heat transfer coefficient, W/m?/K (do not use 4) SC-345-HTCF-r-at I/-
20 |1|=atms True heat flux, W/m? (do not use 5) SC-345-gcnF-r-pl I/-
21 |2 |=pool True mass flux, kg/m?/s SC-345-MmtF-1-at I/-
22 True enthalpy flux due to mass flux, W/m? SC-345-HmtF-1-pl I/-
23 Fin average temperature based on fin efficiency, K SC-345-Tfin-r-at I/-
Summed quantities (second pointer, IARG2C=000)
24 Sum of convective heat of all SC, W SC-000-QcnS-0000 I/-
25 Sum of integrated convective heat of all SC, J SC-000-QcnI-0000 I/-
26 - Sum of radiative heat of all SC, W SC-000-Qrds-0000 I/-
27 Sum of integrated radiative heat of all SC, J SC-000-QrdI-0000 I/-
28 Sum of convective + radiative heat of all SC, W SC-000-QttsS-0000 I/-
29 Sum of integrated convective+radiative heat all SC, W SC-000-QttI-0000 I/-
Oxidation data
30 Thickness of the un-oxidized material, m SC-345-XMtl-left I/E
31 Thickness of the oxide layer, m SC-345-X0Oxd-righ I/E
32 -l=left Total gas consumption rate due to oxidation, kg/m?/s SC-345-W10X-left I/-
+1=right (for multiple reactions sum of all reacting gases)
33 Total gas generation rate, kg/m?/s SC-345-W20X-righ I/-
(for multiple reactions sum of all produced gases)
34 Total heat generation due to oxidation reactions, W/m? SC-345-Qoxi-left I/-
Failure data (or graphite ignition parameters - see below)
35 Cumulative damage, (-) SC-345-CDam-0000 I/E
36 - Time to failure, (s) SC-345-TtF1-0000 I/-
37 Failure mode, (-) (l=u.strength, 2=creep, 3=meltdown) SC-345-Fail-0000 I/-
38 Time of failue (if occurred, zero otherwise) SC-345-ToF1-0000 I/-
Gap data
39 Gap thickness, (m) SC-345-xGap-0000 I/-
40 - Gap conductance, (W/m?-K) SC-345-hGap-0000 I/-
41 Gap left (fuel outer surface) temperature (K) SC-345-Tfue-0000 I/-
42 Gap right (clad inner surface) temperature (K) SC-345-Tc1d-0000 I/-
BDC data
43 -1l=left BDC heat flux, W/m? SC-345-gBDC-left I/-
+1l=right
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Notes:

(1) For IARG3C = 3 through 6 the user can request three values
e atmosphere
e pool
e representative

Definition of the representative values is provided in Volume 1, section: “Representative
Boundary Conditions”. The representative values are recommended for general use. In the
case of 2-D Solid Heat Conductors only the representative values are available for IARG3C

= 3 through 6.

(2) If the graphite oxidation model of Roes is used (IOXLSC/IOXRSC=-5), the graphite ignition
criterion is calculated from the correlation shown in Volume 1. In such case the ignition parameters
may be plotted using IARG3C = 35 through 38. This is possible only if the failure model is not
simultaneously used. In such case the plot parameters are defined as follows:

Graphite ignition parameters

35 Ignition temperature (K), left surface SC-345-CDam-0000 I/E
36 - Time when the ignition temperature was exceeded (s) SC-345-TtF1-0000 I/-
37 Ignition temperature (K), right surface SC-345-Fail-0000 I/-
38 Time when the ignition temperature was exceeded (s) SC-345-ToF1-0000 I/-
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Table 2-26