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OFFICIAL USE ONLY
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June, 1984

Input Manual for Single-Phase Multi-dimensiconal Thermal-Hydraulic
Analysis Code: COMMIX-1A

M. Takahashi*, I. Mackawa*, 5. Tamura*%,
T. Muramatsu*, Y. Hasegawa®#*#%,
H. Ninokata*® and T. Acki#*

Abstract

CMMIX-1A is a single-phase three-dimensional thermal-hydraulic
analysis code with finite difference method developed at U.S. Argonne
National Laboratory.

ICE version (Ver.3.0) of COMMIX-1A was released from ANL to PNC
through U.S. NRC in 1981. Then, graphics package compatible with version
10.2 of COMMIX-1A was released to PNC in November, 1982, and SIMPLER
version (Ver.12.0) of COMMIX-1A (fixed version) was released in January,
1983.

The SIMPLER version and the graphics program have been modified and
used for the following analyses at the Reactor Engineering Section:

1) analysis of MONJU upper plenum thermal stratification tests in sodium
and in water,

2) post evaluation of JOYO Mark-T natural circulation test, and

3) analysis of water test for thermal hydraulics in pool-type IMFBR hot
plenum.

After the modification and the experience of COMMIX application at RES, we
have made the code accessible for general users in PNC. We have prepared
this COMMIX-1A input manual in Japanese so that the user can set up input
data and operate the code with great ease for the interim use. The present
document consists of the following contents:

i) COMMIX~1A input description both in Japanese and in English,
ii) graphics program input description in Japanese, and
iii) JCL for execution of COMMIX-1A and the graphics program.

% Reactor Engineering Section, FBR Safety Engineering Division, O-arai
Engineering Center, PNC.

#% CADTEC Corporation.

&4+ Computer BServices Corporation.
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EVEREING, YY)y VEE-RTI2XRELHNNERNE (regular surface )

ERY, FOMEARBUMFER (irregular surface ) &3, B+ 2 (regu-

lar cell) &id, IXTOENSY » FERIZ-—RLTH2b0%EL, THME N

(irregular cell) &4, REAEZHEZLY*FT 512 XT,

_416_
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(1)

2. NEBBRESHE (Hex ) (IGEOM > 0)

THAIREREE

HAIEY £

TR A ¢ ¢

—RWIBEADT — & OWR

COMMIX-1A DAFE, ROIODFEDNFNATEATE 5,

(FAn EERFLAMNBEEROLS)

(AAF—7DE®R)
Problem Description Cards

NAMELIST / GEOM,”

Boundary Surface ldentification Cards

NAMELEST,/DATA/

NAMELIST.~ INPUTQ.”

Rebalancing Region Cards

Force Structure Specification Cards
NAMELIST,~STRUCT,~

Thermal Structure Prototype Cards
Thermal Structure Location Cards
Boundary Value Initialization Cards

Internal Cell Initialization Cards

v B = ﬂy._—_lp
E F

(x, v, zXitr,

FhArrEER (IGEM =0) FARAREER (1IGEM =—1)

¢, zEE

ROy FEIKXDBRE

B 5, )

(Dptional)

(Optional)

(Optional)
(Optional)
{Optional)
{(Optional)
(Dptional)

(Optional)
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(RARBHRESHOESE]

TROBHEKERET S Z &,

L HOL0#ERBzHECEEL, AAEO I 23 x#HEicd s,

2. quarter pin & F A idfull pinAdNIT L 5T, IMAX, JMAX, DX (1),
DY (1) PEHBHIIRD SN S,

3. EHERKROMEIKSD 3,

(REES) (RERHE) Y/aVarVai)
AN AYY) &J\
| x-ymozTHAR aYaVava\
~ /f\ AAYAAYARYAR
I S A PAASAS)
3 ” HF ~ NNV
| NOEY
4 7 HE quart%r pin &l
5 XENCHR S THE Fran VA ey
2/ NLINLINLITN 4
6 R ACDE \J\/\\
7 AHOE (z=0.0) F\C\C-)\j )
N\ /
8 HOm 1 N f% \J/%
A\ \5J \LJ 1
full pin A8
(ABF — & DHR) e
Problem Description Cards (Optional)
NAMELIST.” GEOM,”
NAMELIST./DATA .
NAMELIST./ INPUTQ ./
Rebalancing Region Cards (Optional)
Force Structure Specification Cards (Optional)
NAMELIST./ STRUCT . (Optional)
Thermal Structure Prototype Cards (Optional)
Thermal Struqture Location Cards (Optional)

Boundary Value Initialization Cards

Internal Cell Initialization Cards
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(PROBLEM DESCRIPTION CARDS )
NAMELISTORIIC, FHENR2 2 Y PEMUEI -FERARTOIMATSE 3,

(2) B o2BBHHORE

BHAE 5 8 B 5 &

NAMELIST
ISTATE ZDATA |0 - EHETHOHS, R, KBAFESLIUTIMSE

HEAHDALT—LATEEL, 20MD/ v 5 4
~FEF7rA P EETEDNELT R, (%)

1 —EWTOME. MHELHR, EWRETEL
TRV ETIOHROER Y - F—~THOES
RENZ, ADREF) —4DS 2~ 5 DY
OIRIEETE 3,

2 s MEFHOME, MIHEER, FOHHEOER
g—bF—ThomsrEnd, MOHRETE
HRIEBIEZLTLAZ &N (BBETRILH
HE LW, ADRAMP)—LDNS 2 —F7 DK
OhREETEL,

g reees WEHoOME. VIHRME, BT -8
OBRBEFH T L ABHEHNLERITOER S —
FPF—FhoRAERAENDE, ANREFD —LO
EEICEHHRD 5,

ROZHERFHLEIhsEE, EERBIELLLS
AN S
. {(erBREORAE) /DCONY <1.0
Z T, DCONV =EPS1* (UVWMAX+1.0E—6 )
HF—F yCUTOFFIC L DUVHMAX 25T EH 9 5,
2. (xFHFERHOER) / (2BOFEEDH
i OmAME) <EPS3
AU/ | u | nax <EPS3
3. (vABEERSOELR) / (2HOFEEOH
O AME) <EPS3
AV /| u | max <EPS3
4 (zHMEERDIOELR) / (£HOFEFEOH
M ORAE) <EPS3
AW,/ | u | max <EPS3
5. (zvsre—Zh) /(Bzryre-)
< EPS3
(D H) <EPS3
NAMELIST

IFRES J/ GEOM. 0 -eeeee HLivr—278), BR2A-—FPF—TFICHES
AE B, (%) '
1 eeeeee FLOY—-XTHY, 7-7IIKHRY -+ %
TFERAL,
D veeone F—TIDSRPAATHOFHEEREAY — b
TN, BRI F-FTRRERHFSAT R,




PNC N952 84-08

E¥Z

53 8

HEH

ISYMCH

IFENER

NAMELIST

/ GEOM

/DATA/

R SETTRR F—TINSHEARATHONHEESFRY —
L, F—F1kBRy -+ 5EEAL,

BRI+ Fvavil, T3 vy20D9>Dv R
F &0 —F ¥ (TLEFT, LOCF ) #HWV T 3,

TLEET WMHEHZEOSHHE TEZIHN T ACPU B A0.01
sec B THET S, COBIXNAEEE, Y3 7h
—FTIRELKICHBIED, STHI, BXy—t+ 7
ANEEDIFER, NTMAXETIMAX A SELE
EFTAHAIETHD, HEOKRDSTREST sec IKHR
F—r7rAnicHEATNE, £, NIMAX Z At
TIMAX iZcpu Y a 79 4 AR & 25Otine®d 53 3
CEREST, BEOHMAF vy 7ELIIERAICHR
R =77 ANKEERALIEDTE R,

LOCFRAB R EHOEXR T F L2 ERT, OB
BRI F—TREIRETnw 7ELZRDIES
&, YIBiticB W CHr o3, CoBEDBEEo
—FORTIR{HVSh, - TZOBENSHEE I
HOyr2AF AKX HIRWININETH S,

BEOHMEMINSEHR Yy — P35 %13, ISTATER &
EREELBFREESR G, Lrd, EEE EO
DOWOANERREIRT 2, ABRFY —AITAR
EEFPE-TVE2HAKIR, 5284 CBHLIM
Y2y PENTLES> DB B, REENNBROD
AHD, BRI—TPTOBEDELVWANTSH B,

EERFEFET S 7

—1 - EHHBOHFEEITHLEL,

0 weeeee BRI B UBxplicite B (underre-
laxation) KX DI ~NTOHEEEEAFFIL
®ic, HELTHIES S,

Jarobi Poit!=Pgl —w (&) /(a3 sl /
o), =0.90~0.96 (optinum )

1 weeeee B IC B UBxplicite BIMBEBEE
(successive overrelaxation, SORE) % Hu»
THREBEZARYD, TOHBICHEHELTET 5
w=1.4 ~ 1.8 (optimum )

PARTTRES Explicit (M) , | FREFNHE
(selective successive overrelaxation, SSOR
B) #RAVCTHBEREZARD, TOHKBIKEE
ZFMET S, | SV | < %DLCUT *DCONY @
EERAMENLRT B,

g e SOR #Ei2 &k Zlmplicit time advancement.

T YRR Jacobi® A4 ¥y L — v g vEHW S Inplicit

time advancement.

{ESTRE TAAF-FENEL,

1 e TANF-FTEETI, (x)

2 veeilRm 7 A MERERSE (porosity adjusted
conduction length ) #HOT i ¥ —3i
#T%, O T vavid, RALBHESHK
O (IGEM >0 ) THEBEROL O3B,
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2 S ¥ HEFE
IFITEN S GEIM, TAALF-HEIS o F
0 ceeeee MR B8 UBxplicit. ()
1 - By RIICES LExplicit, JacobhiBEHEFE B IO
ImplicitBBEROHM S &H,
2 veees FeRGIC B UBxplicit, SOR #FH X Fimplicitis
S HOMAGE,
3 e SOR ¥iC X BlImplicit time advancement.
ISYMCHE IFITERDE DR B B 210 T
slow transient}implicit scheme * MRS 5
EEREOHH — IFITEN= 3, ISYMCH= 3or4
fast transients —explicitx ¥ — a2 RT3
MEARFEE-—VFIETAHERD L, ABb@EHE D
implicitiTd &ad, WH & dexplicitizd 3,
iBOIL ZDATA S 0 weeees HBOF = » 2%TbRB, (%)
1 weeeee BROBHRAT » 7 THROF v 72175,
b Lﬁﬁb‘ﬁ:hﬂi’%ﬁ%%&?j‘%o
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(3)

FTHEGAR, A v vanWBLUBRARAEORE

KE¥A

7 H

BLE X &

IGEDM

NL1

NM1

IMAX
JMAX
KMAX

NSURF

DX (1)
DY (J)

DZ (K)

/ GEOM.”

/ GEOM.”

7 GEOM.”

J/ GEOM/
/ GEOM,”
J/GEOM,/
/G0N

7/ GEOM/
/ GEOM,”
/ GEOM.”

) EETERTE FhLMFEEZR (x)
1 e MHEEER, AL IEBEEROAHLEHYT
55
Bl) BidBomMslEETLIEER, hi
R=0.0 0oFm+LTHEL, 0%
MTWHRY » FKFLOW (N) =- 3,
IR EEKTEMP (N) =400 &3 3,
B2) 272597 y0ORKTCH, J=1&7J
=JMAXPEESLTVADT, v=104&
y=2nkERAEET LI ENRTE,

>0 e NARRKHESK, B rOoREEL S,

ROEYEEEERETE 3,
7. 19, 37, 61, 91, 127, 169, 217, 271

FEEH (surface element ) O (0)
: Fm
@g-ﬁ

4 ) (computational cell) O#¥¥ (0)

&) NL1, \MIKREBEIOAXSVEBELYSI T
L, BEL, Bx4 —F (ISTATE>0 ) © & =
ik, NAMELISTGEOM/ i &» A i3 -0l
ETEIL,
NL1, NMloEOEE R, EHEFE (ISTATE=0)
BB LA, VENFEBOR/E
PEREhZ20T, CHEHWTEET S,

IGEOM = 0F 7R - 1 DBSRANT~EEREREK
R

X (g3 r) FROBALLES (1)

y (FhiRd) HFROBAEALES (1)
zHAROmAELES (1)
BB ATEROSET, 22— 2 XHORE.,
Ao—2KMEIR, ROIDOHHOWRAZSENEL
LOEWD,

. EERERKE

2. BEBRLHE

3. ZmoHMEE~7
xFALRr@mEBSITEerDFE m
VHFALROIBMIEIFEerDFHE: mEfirad
zEIRBS>HTerOFiE m

KOJEHRK I oTRESNBBHUHER~7 F A1, ¥
NGEOHTOAEMERC & ET 5,
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EHE o= BEHE
XNORML (N ) | /GEOM/ EFENOBNER~I 1O xRS
ZHEN O
YNORML (N )} | ./GEOM.” ” ¥ 5
g7 b
ZNORML (N ) | /GEOM./ ” z 5

HEREZWWHEES — ¥ (Boundary Surface Identification Card)

NAME

AREA

18, 1E, JB,

JE, KB, KE

BAREmE
EA—F
{Boundary
Surface
Identifica-
tion Card )

Vs

Fg

I4

A -V, IGEMM =0FHl—10BLE0ERHY
Biidh (ISTATE=0) OBN U B LI ZLENS S,
EAh-FOkboHr—Fit, H1~48% 'END ' &
T3,
EA-FOEMNME, KB rBAOARBERER (EE
Bt RRARARMN) 20X EEROENAEEY
B EilH B,
EEMOERFERTHOBYTH 3,

NAME AREA 1B
(Ad) (F10.3 ) (

IE JB JE KB KE N
14 )

--------- MAKIEE (regular surface ) D& &,
BHMEZ@EIZY » FRIKEET 5,

IREG-+-------ABA/ KT (irregular surface )} ©&

&,
COFREIBSY  FEHICEZELL O,
""""" EhAH—-~FPOBRTART,

...... REEROEMME LT, EBEOWH, &1
WHDX%DY, DY%DZF A BDXkDIiNEZ o
3,

------ HEEROWEAE, AREAICSZ 3 5flic &
> THET 50

I12F L RBBEHO DS U IBRNNEEEERT

5, CORFBKEE, FEOLEF LT -BEEHELTH
b, ZEOWRMPICS - TEEEEELTH 3D, B
FIHCEBOANMIKE D s CERMERI LTINS, REO
HEER~ 7 XNORML, YNORML, ZNORMLIZ i iR{ll5 M
EHEOTWHWSE, EEEZRE, v L EXZHEOBHIC L -
TEHZNB,

Ao— 2 KTMOBFES, ROFHEFHEUCERIIZ, TT
BLa=—-2FHEBSEZDHBZENTES,

1. ZEEASKE

2. BE -

3 EZWoOoBREER~NI A

1) 220KREERPRORBINH S 2 &ATHE
THa,
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o

73 5

REH &

EFEESHRAL
Aln=— s %ER {
{ EET B n RILB
FZHEHEBSVRU
Emazz—aiﬁm{
FEYT 3
X)) A—FOMERE
1. IREGA —FiX, REG # — F X D ERICT 3,
2. IREG, REG #—FODO2r=— 7 XHESII,
MNEVELSASVWE~DOIEEET 5,
T3) HiE® (IGEIM =— 1) CTHHRMMAHAZE L
EERSUTWALER, dEHdiERSEL
THET 3, BREAKO: ZIdHMmEEE
ETHBHEBEIREC, 3B E2FERELALXRET

” ifg A

i, FIIKARAY o FKFLIN (N) =— 3 &l
BKTEMP (N) =400 &> BREH# 52
B,

H4) 2597 ryOlEEBEOEER, JT=1&
=M B EHRIEESLTHA20T,y=0.0
Ey=2rREAMEERT A2LERIIL,
) (THEHR)

NAME AREA IB IE JB JE KB KE W

REG —-0.1 3 3 2 2 1 3 N

Z5) BRFEEBESY — F (Boundary surface
indentification cards ) EREWBILY
— ¥ (Boundary value initialization
cards ) OXEIEEZWR L THSH, HE
+ gl #{t A — F (Internal cell
initialization cards) ®Eh & IR 2,

g kMEXRE, XECHEELERER
REFPADFTHOAMICEOEE
Bhb,

BE:VNHEEZELZEHOBEK LT
2 (i,5,k ) i, & (i,i.k )
gt (i +1,5.k) Fhiden
(i, j+1, k)Y , 2 (i,i, % +1)
ODNIFNHIrOHOREABET S,

BALZH LOZEHRI, AR L¥MbL - F
K& -TTRAE, BREMALY —FIZ X
S THIRAE LI o fitn,
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(1) MEEAKOHEET 2 8%

ok S8 HEHRE
IFROD /7 DATA/ 0 ----- Bloy FESFLV, (%)
J BEoy FEESLR, F71 0 0B ERT
bliv, AFE LU TNAMELIST/INPUTD, % 4 B
T 5,
2 e BEey FEESH, F7 10 PPHILETS,
COMBETER, BAAREESZSLEICHE
EHE, 232 ¥F-0D0EFERALZHALEDE N
BRIk, BEH, BE, BE, zvire—,
HEDOz FHES T2y P T A5, BHHMBEL
FELT2, TNTOERBzEVOBEBEELT
PR Eh 3, AAICNAMELIST,/ INPUTG. % #
Brd3,
IGEOM >0 oiF4&, ROERESHRTFhIELESHL L
IPART / GEOM.” 0 «eene quarter pin DFEFHEFT 2, (=)
‘ 1 efull pin2EBAEFRT 3,
IWIRE / GEOM.~ 0 - DAY o7 RBLOF T vya 2 l3d, (%)
1 - smeared wire wrap # 7 ¥ a3 YERA VD, T O |
FFvavid, Bra4 /s nXEOBE&EICHA WS,
HECBETI e EBELAEVELrD 2D
ORKIAEFEENEETIELHIC, B EIGHE
DAY Iy TEBEZZEBELABESKFRES
HT3, 74¥5 9 FRL-TEIEEIRZHE
hoRBHEHEIRD,
2 eeres EATHBENITA YS9 THE T arn
Hhohad, 2047 a7k, NAMELIST
DATA ©ECWIREX, CWIREY, CWIREZAZ A H L W iF
T S0,
KMAX / GEOM.” RO LDREAR (1)
CLADOD / GEOM,~ mEgr o, m *
DZ (K ) / GEOM.” zIAFAOHE LD, m
PITCH / GEOM,” EryrpiboEs, m
WALLCL / GEOM.” BRI yERESZ FEEEIOBRSE, m
WODIN / GEOM.~ FIrEOBUADITA Y5 o T7OHE, m
WopouT ~ GEOM,~ FIrr+BOBOAY S v 7OHNE, m
CWIRE! / GEOM,~ OOt M PADELIcH T Buire wrap force
model! Ay -7 7 4 % —
CWIRED 7/ GEOM.” MEEDEERT 2 2 Duire wrap force model ® 2 4
—-—NT e FH —
ZATO / GEOM.~ Ry FOHRLISGRI T4V Ty TOXEESN
EOMAEH (z) BX, m,
WIREP 7 GEOM,/ TA¥S5 o 7O F, me ADz HMIKRT, 74
Y5 THREBFAMICEMI TS EE, WIREP %
EEL, TORXOEEXHETE, ‘
IFROD >0 ® & & 722 v NAMELIST./ INPUTR i AA %
b,
la AINPUTG” | 0 - BEHOK (K) W - THBEErMERBALDE
CEBRET A,
1 - ZEHK (K) CHAFRAKEB DD HNOHA X
ha,
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Eol s

51 8

BE %

QK (K )

KLHS
KHOS
QFLUX
ascoaL
NOFQT

QIN  (IND )

CLADOR
PITCHX

PITCHY

1JTYPE
(IND }

PINAF  (1J)

FLOWA (1)

RETLN (1J)

/ INPUTQ~

7 INPUTR
/ INPUTQ~
/ INPUTQ
/INPUTR
Z INpPUTQ,

/ INPUTQ”

/INPUTQ”
/ INPUTQ/

ZINPUTR S

/ INPUTQ

/ INPUTR
/ INPUTR

/ INPUTO

2 e LHFRICWRAEnuksin (nu) BHOBHEH
BRFHNERK (K) Kot h s,

3 e THABICWDA Znuksin (au) B O HM
NA/BEHK (K) Kyt z,

MAEM DS/, / 3 F AEid, KLISEKEHS & OB
INTOKIKX LT (K) =1.0, 20O FT~<TD
Kicxt LT (K) =0.0 T& 53,

ETHONMBINTHOZKE (0)

RLEBD ” (0)
—ERNEHHRTE, W o (0.0 )
SHHORMBRER, W/ r (0.0)
BEMKOES. ERAEZRLSI LR AHOMER
EROHERKRELTHVWSh, EHEZIIHNE &
REeHREBOHBERKELTCAVWOIR S,

HBLEh A EELTROM I RH. trOFS (1,
i) oA yFy 7RI 2RDIZABIROBY TH
%o

IND =1 +1IMAX% (J-1)

IGEOM >0 0 S REXOEHAFELIZIYNITNL S
W

HEFTOHAE, m
XERADOEyF, me F7 440, IPART =10 &
EDX (2), IPART =0 D& %2.0 D (2) Tha
YHROE v F, me F7 440k, IPART =10&
ZDY (2), IPART =0 & 22.0 %DX (2) T3
WEEHE, vt LOFEIEBES, tArHOE YOS
B, BENEAHEREOBHBEERICL - THEIIR A
HNRBEEND, COLIEF 7+ 00FNE
EAZBETR, ROAEHREFRANTIOHOD NS 2
— S ERELUEBIT O ENTES,

OB, DRI SLIODNIVEERTHD, &

DIEHDOA vF o7 2AELTHVWSNE, RO 3E

BMOVWITNMiCETRVERELIONB L&, &Y

TEHEHEDNS  — R EORODTNTOLLOEI®

v bEOhBE, eEB (I, 1) S, A YFu 2R

IND 2k B2z, ROBEBERAEDODNRTN 3,
IND =1+ 1MAX% (J-1)

FA7TIOeVHOE yOHE,
1J=1JTYPE (IND )

(-1.0)

Z I T,

FATIO LV ORBESR, m. (-1.0) o7,
[J=1JTYPE (IND ) .
$A4AFIIOLOBENBBEX, m,
1J=1JTYPE (IND )

(-1.0) 27T

Bl) IMAX=JMAX=10D & &
[TYPE =15%1, 10%2 -+ (1, 1) Do (5,
2) MraF1, v
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Eog S

kil

HMESE

CWIREX
CWIREY
CWIREZ

IDRAG

CDRAGX
CORAGY
CDRAGZ

PINARF =0.5, 0.25 «voveeeer

FLOWA (2) =0.028

(6, 2) »5 (5, &)
D472 1B YT
55,
ZAT1EZA4T20D
Yridilehdeh
0.5 £0.25CTH 3,
4720 AFEBE
Bix0.028 & 735,
#4710 NEIER
BRAEROF 7 0
PR ERE R L, 4
4A71&20rER
BRIIESEHCRL
na,

AR T4¥ S5 v FHlell Integrated Wire Wrap Force

/' DATAS
/DATAS
/' DATA/

ARG —FHIWIRE =20¢E05Moh 3,
xHR74 ¥R (0.5) ‘

y
Z

”

” (0.5 )
{0.5)

MEESARNEEBER 5 4 Fuel Assembly Drag Model

ZDATA S

S DATA S
/DATA S
/DATAS

REFNE, RBEHSE5AToy FAAY FLEE
Brg2sEicHOoR S, ‘

------ AEFLMEEIBAHEHERAFFEELL L, (*)
------ JIFNRRBESEORDIEREAERT 3,
------ HARBENOHEEN (cross flow drag ) &
ALZALY F I IXAL/ALY 2FETARUAR, &7
Ya v 1 &ﬁl}fiﬁ Z)o

Z ZTALiEvolume porosity ,

ALX ALY &

surface permeability T&H 3,

AAT v YVEBHESUONMBHERESLE L
L, B3 74397047 avyPHD
ShBrE (IWIRE =2) EH&EH 3,

xHHHEBHEROMERE (1.0)
# (1.0
” (1.0 )

y
2
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(5) EBIEITESE (Force Structure ) OESE

EWA

o]

BREH®

NFORCE

NEWFOR

/ GEOM ./

/ GEOM.”

WEHERER (force structure ) O (0) .
NFORCE>0 @ & &, NAMELIST/DATA/ OB EHIERES
EMENEHEREES — F (FORCE STRUCTURE
SPECIFICATION CARDS ) 2 B L4 3,
REBEREZDOES-+-1 ~KFIRCE

0 e FLORBHEREROB®RLZARATRE L,

1 «---% UNFORCE>C TaH b, ISTATE=0 (EEHH
OB4E) T/ RISTATE= 2 (BB H OBEE)
DLE, FLORBEREROHFRYHALAZE
s,

BT ERBE L — VFORCE STRUCTURE SPECIFICATION CARDS

NAME

IB, IE, JB,
JE, KB, KE

ICORR  (NF)

HHERE
EBEN ~
[\#

B E
EHE D —
"

7

”

/DATAS

A A — Fid, NFORCE>0,NEWFOR=1 OEEETEAT
HREPHD, NAMELIST/DATA/ ORHEKERICHE
TOEMATHRBINIKGERERONBRELTS
bOTHB, “hdOhiE, 220HE L OowL
BIKHEATE2. -7, £FOREBRIY » FEO—
BIKEELTWS, KA —-FREOZEEMGHE 5 T
)

NAME N IB 1E JB JE KB KE

(A4) | 714 )

ZF[]R ...... z V4

END «eveee Aok b 2RT, SFIRCE>0 & X T H
g,

WEHEH EH (Force Structure ) OBE

tAVHEEEHTEIDOC, A (6, §, k) KLbE
HENLZRLVEK XFRAOHNEH L BESD £ VE I,
A (i, §, k) & (i +1, 5, k) oot
5, YVHE, zARIKZ2VWThohicwd s,
Bid#s® (beginning }) , Eid& b (ending) 2FL
T3,

(&)
COMHEHERI, 200 e rllorriEs
WU - THMERICAVBDBEBEAER LT 2,
WO DRHRBUEZRTEFLILT A LD, B
HIBAtRA (Force correlation ) I oh T3
SEADERICHLT, ICORR OBASBEEGER
(correlation ) DESEEET A I &L LT,
Chox@HTA2&:8TE5, FHEEFL, 70
—F YFORCESIK OB EF I ME B &ENTE
%@f:bi:%%iﬁ@%%ﬂﬁ}ngb‘ﬁﬁéIf’bfh‘%
HOBBERDI A4 75 ) 2 KkiICTRT,
9Q:----- CRERMAMIE &K
gleeeee CRBR7 5 v o P & &

— 28—
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EH HDH BEHE&
92------DRHX (HE#FEF L IAZHEdirect reactor
heat exchanger)
93------ CRBRF & = —#£E &
94----- FFTE Y » &
95eee e CRBR&#IHHESE
9feeeene &8 FLBRHESE
[ f=41,/Re+10.074Re (Re >9664)
f=10.231Re (2664 <Re)
g7 eee &) 75 v FPREESE
r f=49.9, Re+0. 08Re (Re > 7535)
f=0.254Re (7535<Re)
OB HOBMBERANDED, TOHERRKRO
WTFRHAORBERTARBEHAEEL (Pa/m) WiH
ahb, ‘
AP/ Ax=—Cp | u|uf/L
4 AP /A y=—C(ip | Vv |vi/L
“AP/SAy=—C1p | W |uwf/L
~DPDX = —FORCEF (NF) =*RL=*ABS (UL) =*UL
* FCORR /CLENTH (NF)
— DPDY= —FORCEF (NF) =RL=*xABS (VL) =VL
*FCORR ~CLENTH (NF)
“DPDZ= —FORCEF (NF) #*RL=*ABS (WL) =*KL
# FCORR ~CLENTH (NF)
T,
~Re<Re" D& &
f=a,Reb +¢;
Re=Re @ & &
L f=a.Reb +¢y
—RE < REYTRN (NC) D& &
FCORR =ACORRL (NC) = RE:* = BCORRL (NC)
— + CCORRL (NC)
RE=REYTRN (NC) & &
~ FCORR =ACORRL (NC) =*RE:* *BCORRL (NC)
+ CCORRL (NC)
RE=RL#SOQRT (UL %2 4+ VL% %2 +WL% %2 )
* REYLEN (NC) VIS
RLI RO EE,
{UL. VI, Whid x, yEFEhidz AROFHEK D
VIS sk s v
Re= p~ uz+v2+wihe, v
FORCEF (NF) | /DATA/ REERNERNFOHOBREC, (=%, 1F2iE2)
REYLEN (NF) ZDATA S &K &De, m
CLENTH (NF) | /DATA >0.0 - ADBEFEREERELTHYON 3, L
. <0.0 ---- P ADY, DY, DZIOWETNNITEHELS
Nd.
ICORR  (NF) /DATA . MBERERNEOBEFREROEFES, ICORR oEiis0l b
' NT, FREFBET AL T Ocorrelation ERIC &
bRAVLhAE,
NCORR S DATA S WSEREZRICHVOoNZHBEEROE, ol

ICORR THRET A RAEULTHD, S0KMTR TR
12650,




PNC N952 84—08

EoF il MEF*E

REYTRN (NC) | /DATA/ BELVA/ LXHE Re

ACORRL (NC) | /DATA/ aij

‘| BCORRL (NC) | /DATA by }Eﬁﬁ@&%@i%ﬂ@ﬁﬁ

CCORRL (NC) | ~DATA/ o

ACORRT (NC) | /DATA/ ay

BCORRT (NC) | ~DATA bt}ﬁﬁ@&%@i%ﬂ@ﬁ%ﬁ
CCORRT (NC) | ~/DATAS Ct
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(6) = EHR (Thermal Structure ) OERE

EHZ

o

HE Sk

ISTRUC

NEWTS

ITSBUG

/ GEOM.”

/ GEOM/

/ STRUCT/

| EEREE Z#EFR (Thermal Structure ) ZHHA LK
(%)

1 --eeee ERBERAFEHT S, AHF — % IKNAMELIST
ZSTRUCT/, E&HERFEE AL -V (Thernal
Structure Prototype Cards ) , BREZRNE
{§E 4 — F (Thermal Structure Location
Cards) #BATEHEND 5,

0 -eoe FLOEREBEROANNRLSALRT D,

1 -~~~ ISTRUC== 0, ISTATE=0 (FEWIHFZEOMK) Z
7oL ISTATE= 2 CEABEEOBMN) oL F, H
VOWERBEROADNESRAENS,
(ISTATE=0@% 7 + » P2 1, ISTATE= 2

DF7rnrERITHS)

0 - Thermal Structure @F X o #F% L, (%)
1 eerens W DD Thermal Structure DF 4w 7 HE
Bl ad,
(ISTRUC=1 TNEWTS =1 O &= FEATS)

ERERET D - F

THERMAL STRUCTURE PROTOTYPE CARDS

AH—Fik, ISTRUC=1, NEWTS = 1 DL EDAEA
TE5, KA-FO#RDIE, Tl~455 L%END &7
5o

Z8EE I thermal structure element OEF LA S
WY, TOBLAPERI -V THEXNIBEXE LT
VA, thermal structure prototype %, TYPE, ELUID
MATERIAL namelist ZHWTEHhENERT, F, U T
FHahd, ZHSDOnanelistd® A SN thernal
structure OFHEERLTED, ROBHIK#ERL
FhiEE s,

1. TYPE namelist {Z&thermal structure
prototype DEHRTIH U % 5,

2. mUEMEM]I CMEMERT S &S, TYPE
namelist® &% T, BB OMATERIAL namelist @
BIZFLUID namelist®®iA T 5, X 6IHKE 2
ELRBYERT S & &1, REDOMATERIAL
pamelist®# i HFLUID namelist®H AT 5,

3 REHAOEA2OHMMOBICIIEM (gap ) H
GFhETA2, ¥+ o795 7 —# 13, MATERIAL
namelist THET 5,

4, FNTOnanel istEHOPIMHF 7 2 L FEET
3, ROF 7+ 2RI Dnanelist®&HA X
BRICHYRETH S, L &AHE, T~TOD
thermal structure prototype CHEED ¥ 4 7
MELUES, BRWDOTYPE namelist Lic i
YZEHELLZFRIEFTER ST,

5.. thermal structure prototype N+ 1 OE &L
NOFHEDHRET S,

6. 75 voh—VFEhiRl~ABF506T5v0H
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ok &

S8

HEK ik

IXYZ (N)

NT

RODFR

0UTR

EREXRR
BA— ¥

ERERE
BA - ¥

=B ERIF

T — F

”

£’

‘_F%EA—@%%O
T RA—-FOEDIT 'END’ h—-F&¥ 3,
HHIPKRE CHEERTZ LS
&T  wreeneens & END

&M ......... &END
WL, ONREL 2&ARENEYT S E &
QT ceevenons &END
& F [ &END
&M ......... &END

TYPE NAMELIST AT /

Thermal structure prototype O F =, T OE &I,
ZDindex FLHRABAEOEE L —RLTVWELTH X
[

FEROBF IR HY
1 .........ﬂii){ I ;5]"5]@‘] w R
. JRETPRTTROR # ] ” _Mﬁmﬁaﬁﬁ
3 ......... 7 K ” -
11-weeeeee TR DY I 51O B

12ceenerenn v ] " -EREESAER
J13reraerens ” K ” =

101 - I HAIciE &R
102 e J ” FHRB R MER

—FcT BEER, BRAL-UARABRATERESE
WHrBHAERBETALOKEREL v vicgHoh
T3,

BREOHERELTHVWONIARBEKORES

oy FEARABMEEMERD & &,

>0 e FNFhOoBHM e EHERRETIERD
vy FOBTLRHSE

<Q e CORMER, ThFhoBRH EIEEER
5wy FORMNER (o) ¥oo¥IF i
s

FREOEHRELEDL &

>0 e BRI 2483H 2 BOERDHE.

El | BETETID SO, FiREAEAEERTRLL
BThs,
2OOHEA b oEHREZEOHS, ORI
EHEROE Eperpeability W TH 5,

KEOEREZDOLE,

>0 ereee BT hodsrenr i BEERY
PEROWT L E3HE

< e OB, SNV EEEERT A
OHEAER (') BoFI LIRS

EREROANERE, m, CAREHREBOELTEROIS
SBEHUEL,
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84—08

E¥E

S8

BE

THT

HYD

MI

NP

DR

SGAP

HGAP

£
B —

S ERIR
Hh—v

FLUID NAMELIST/F ./

MEEORDES, TOHEIE, NAMELIST /DATA/ O %
BHEATC1, HEATCZ, HEATC3OEZESONIELTHWLS
T,

AKOhEMERELRIREXEE, T OB, NAMELIST
SOATA/ OB EOBETREREIDELTHW LR
Do

MATERTAL NAMELIST /M ./

7

V4

F

”

”

7

Bk OES (naterial type index ) o
Z O T, NAMELISTDATA- o lintt# (BiE) o
BHETEEME LTHWo B,

MBAODA v v 288, EREZFHORER, 28
IheBBIEALTHEEINS,

'_’;DR&

srEM, m ?ﬁfzi.l 't‘.ﬁ;rk.?

L —

HEEBEAOBUNNEREERMYAHIORMEW o

KOF ¢+ »7 (M) OADHR, HOMBLBRICKE S
EENRFBETLI), EHhEF 7+ ricLididthid
Boll, HRiITHENRCEER, Feoy 70WEHE

REEEh s, *"nl’/'f

(LS
ik
Feow 94X (HBETE), m.

mxz |1

¥y TREERE, (W mMT)

ERERVEREL -V

THERMAL STRUCTURE LOCATION CARDS

LocC

e B B A
mhEEs—
¥

NAMELIST/GEOM.” TISTRUC= 1 &NEWTS = 1 D & & #
AR -FERBAT S,
EFHREZOBRMNEZEINALBICR, Fr—-Fickh iz
BRERONBEEXRET 5, £Hh—-FREUTOY 3 -~
W l‘?iﬁéo

LOC NUM IB IE IB IE KB KE

(Ad) 714 )

RAERLE RESRfeerd, AMFTFLEER] HA
EMd 3,

IN e EESN L, AMELRIET2 LA
ERT 3%,

------ KA—FORODERT, Bl~4h 356K
P PN
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E¥E

8 il

HEF &

NUM

JE, KB, KE

1B, IE, JB,

Fg

EREEREES (thermal structure prototype
number)

I, J, KEQORUDERDAERL, EHERNIM &
WEERTA 12t shilltoenhsilaEh

(M) HE&ksE&ET 3.

Bl) ERBERFEENM R2oCRdhid, [, J,
KBETerZ 0BEEET A& TR,

E2) BAONTERERFEREHEER T 34~
TN EFET LD, EHh—Frgy
BETH 3B,

H3) EHERFERNHETHEMEERN T K
WEHETLEED, v LOEEERERIEET
BB, | POFXKEEMWMAEERT 3 LD,
ROFHEREIMHEFHTZ 2 LrOHICEL (K
HIEE o,
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(7) 15 vAOHE®E

E¥WE

5 8

BMETG K

IFREB

IXREB

IYREB

IZREB

NREBRT
NREBM (NR)

NREBX (NR)

/ GEOM./

-/ DATA/

/' DATA/

/DATAS
/DATAS

/' DATA/

7 DATA/

7/ DATA/

0 oo DS Y RFEWAREL L, (%)

>0 o BET B YT AWK - REIZD2NWTY N
svyARPILERB,
IFREB oL, #4 ¥ —-FEBEEOHTS
HIKHVSHh, DIRCED YNNG Y RAHE
EVNRIYAKEDOEFAVBEICFLILY
NEFRSRY, 2% OEIKTLZ2DOHHEY
THd, EFESHIE, Rebalancng Summaryic
MRz,

VBoERREY, 2ENFEERBEETET LR S
—NORKEVEASFHIX, HEEZY Y5 ¥R (nass
rebalancing ) itk - THEHKHETE, WHE
CTOREFEHELBLEEZ LTHEHTH 5,
i) BEEHIR, 12015 yREEARDTNT
DO TEHELN,
i) 1200255 Y 2ARABATERELEVOHBEED
SHMNBICLBEHR, EAREET S,
i) TDMAIC X W IEAFBREE .
PS5 REAENS 0ODE— FHSHD, Chod
BHEEAAEECHETE S, x, yERzH
MOy FIRT &EIKCHKTD V95 2, 1XREB,
IYREB E CF1ZREB % JEET A & TETTSE, K]
> ®plane-by-planeV /53 Y XA EHETE 5,

0 reeeee x 5K, plane-by-plane W /N5 ¥ 2 %{7H 14
Ve (%)
1 - vy AMic, plane-by-plane N5 ¥ X %179,

}yﬁﬁ.ZﬁﬂEOpfﬁﬁ

FAERRAEAARIKY <7 Yy REBYEET 2, U
Sy ZEBNICEETLZIEAMIN-1EN+1LZTE
35, HENEHERN+ 1 ORI, VN3 yRE@E
NHEET 2, RREROTRHRICY 7 vy 2iEELh
TR ABETHBE, Y5 7RAEMI TN
SYRBERIVTEEETILIECTE, 84D YN
5 REHATIR, ARRZOAHPHFICINLSLILOK
EAREILEEINRS,

YoN5 v RATHEICIZ, IFREB >0 (NAMELIST
ZGEOM) &L, IS vREHI-FEFZ S,

EICROERAEET 5,
FHEOEHRTA Y S vy 2AHHOE (0)

Y85 v A EENRRORLE (0)
BEEHEROTNTOLATEAINBAEELINLEZ LD
i, U v REBRAKS TS, g1 0D R,
2oLl ED Y NS yRERICETNEW NI T S,

Jyoog v REHENRENR+ 1 OO xEFRKEFEE 2L
moOE (0)
o5 v 2EREOBRRTAELRELELEEL T

- —35—
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K4

53 38

BT ik

NREBY (NR)

NREBZ (NR)

IREBIT

NAME

N
B, 1E, JB,
JE, KB, KE

NEWREB

/7 DATA/
ZDATAS
/DATA/

B30I, VNS YREBERSTRIENEF L,
PG5 v REEHNRENR+ 1 OOy HFRIKEER 2L
mo¥H (0)

Y3 ZEIBNRENR+ 1l OO z HFRIICHEENL &2
mO¥K (0)

YNS YRAORBBBELXHET 5, IREBITHORKE &
BT, ZOBEBIK YNNG ¥ 2E2TS5, NEHESE
CTaeDicil, REEXEZIREBITOERESRE LD 1/
LR NRERSNL W, BB, [Th 3 XITHAXP=
(N * IREBIT) — 1, (50)

o5 v REEHL-F

REBALANCING REGION CARDS

yows v

fHI A — F

V4
Vo5 v R

A - F

7 GEOM.”

NAMELIST,/DATA/ ®IFREB MED & &, X H — F A H
AT, EA—-FE, VNS vyREHEI NS5 2R
HOMNBE*HRET 3, TRERITHLOED,

NAME N IB IE JB JE KB KE

(A4) ( 714 )

REBM---+-e oo O —FIZED, Vs v RER (O—
$) Aot o BEFEET S EE2RT,
Poes yRBERIEHLTHELED 1
RoOHOI - FRUETH B,

REBX--rvee - I 7Yy FRK—F&$T BV 5 yRERA
ﬁﬁ?%o (I, J, K ) EEJ:';'C, 2
(1, J, K)Y &= {I +1, J, K ) O
O LVAEIFIETFEND,

REBY
b,
REBZ

e NS VR - FORD ERT,

KZ)y VEELTHRICEET 3,

P yAEEOES

N5 vREE (O—8) IOerFhiF VN5 R

XHEICEETI L OERENZ, SO LrDESE

bid, I, J, Kokl (1B, JB, KB) &# b (IE,

JE, KE) K- TE&HEN S,

£ 1) permeabilityEBEORBEIEIL,
REICEHIE,

B2) ChoDh—~FTADT L EELLER
D¥ i3, NAMELIST.”DATA.” ©NREBRT, NREBM,
NREBX, NREBY, NREBZ icH L it i s
1,

Nos R

0 coeeee FLOY RS YIFHIZARATNIL,
] e IFREB > 0 TISTATE= 0 % % 12 ISTATE= 2 @ &
E, LIS YRAEHLEARENS,
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(8) BMteF »OBE

EWE

5 8

BEF Ik

[TURKE

ITURKE

TURBY

ITURKE
TURBV
TURBC

CHARRE
CHART

ITURKE

/ GEOM/

0 - —FAEREATEFLEROLE, (%)

1 e BEEEClET AR U CEHEESH 2 1
FHERRICREEEET (wall function
correction) #TH—FBAREAF=FrE2HL
Do

B e BEZCEEI e ricw LTERESH X 0
FHRBAICEHBEELXIT ) —HERAFeF
nEHN5,

ik &S Sl N

/GEOM./
Z/ DATA/

7 GEBM./
~DATAS
ZDATA/

ZDATA/
/DATAS

7 GEOM/

o RE
e =p 4+ pt
(Bi) (FEL&K)
BXREEHE
Ae =480+ it
(B&) (&E#F)
HER, ENMEFTLrERILTO4204 7 a vt
HbB,

S nEe

§ eeeene HESHz ALY 735 9 FREFTHRINLENLS
v, (%)
Aot nt BEET B, (%)

AN —FEOEF A, HAlMEpt CEREY

;(t %—E&?—'Bo

0 weeee ARMEHzarFzT I S RE, (%)

BLifE ¥4, Pa—s (0.0 ) EOHAEEL 5,
AizE@EAt, W/ (mt) (0.0)

Btz At i3, TURBC ik -THZ 25, TURBC %
ZFEL, CHARREEZCHART #H5 A A3 &L DEETE
Z)n

L4 T8 Re (0.0)

REEE, T (0.0)

—FRAEK=F» (k-FBR) pOSBOIIER
BExar¥—k (TURK) LELMEHE ot (TURVIS)
OFBEIcA VDL, BN, ERF v FCEIEMNME 2t
EEHEE AL 2T, Bkt at 3ROXD
SR B,

BEBAF 7 TERTOEICH L THSHME L e

CEFEH At AAMTE2—FABRAEAKEF+ &

Mtk et WikOBBRALGEHHEER S,
TURVIS=CMU1 % R0 % SQRT (TURK) s LENSCA

f 1 T
RErdii REFE @S  CEL1 * HYDIN
& A Dhokid
B B

—BBRRZIABEFLICRIEKD220DF 7 v s vHb 3,
1 eeeee BB CBEETs e LR LT, AREH 2
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EHE

8

IBET5

OMEGAK
RELAXK
ITKBUG
CMU1
CEL1
HYDIN
AKAPPA

CDTURE
EE

/DATA/
/DATA/
/' DATA
/' DATA”
/DATA/
/' DATAS
/' DATA/

/' DATAS
7 DATA/

ME-SERICEEEEELRT S5,

§ e BEliEEFe LR LT, BREHZ 0y —
REEHHFERAOMARBEZMEI 2, B2
implicitiEEF& X+ — AISYMCH>2, IFITEN=3
OEERFTINGEL S, .

AREH ZLF -~KORBWICx T Brelaxation

factor (0.85)

SARESHT A LF Bt T drelaxation factor

(0.8 )

| JETERED AEEFDF Ny I L, (%)

JERNEE AEEFVDOFNYy D,

e BRI HTHERE C2 (0.1)

LR O%tEHEE (lengtn scale) 2HH T A3 DOE
¥ o« (0.4)

AOSZWMEE D, m (0.0 ), IGEM >00& %,
HYDIN RS TetH e 3,
—FERIAKeF AL+ CHO >N BV0on KirnanER  «
(0.4 ) :

BT Oshear stress% st EH T2 %8 (0.09)

Tl) EihoE#EE:e (SPLMY) RkoRTHL S
5. SPLME =—R0O (MB) =TURK (M) = %
3 7 {CELL = HYDIN )

Ho-T, ANOWEHESHCELI «HYDIN A S
IR EBRABAERDE N,

BE2) 2HBRAKEH A A F-—HB RO
50T, IMBEERETH TR LE 0,
ERHETH, T RTE2LVOFELE TS T
AORERLZEULLT A ELIHEET S,

38—
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(9) MBEEORE
ERE 5 5 HEFEH:
IFPROP S DATAS g «ooee BELRBFERAY I V—F vy 2HNTHEEKD
YR EHETE, v-2diZF PV AHE
KAONy r —VRdBd, @ r—YHTH
LEBEEZA/HHLRTHEIDT, v—-FxYa—
NEFcreateT A EZICRF PV Y AHFLRAK
FHORBBR Ny r— VR FA2EDHB LT 5,
PMAEFZOMOHMEED ty -V E B
BEZLETETHE, (%)
1 e RESERE-BEAHL, B >EHETHE
kKOoMEEEZHETE, 047 v s Y TUI,
RO THBBHEEL 72y ] OAHESNT
EHEBERE L,

BRI OYEL 7> a » Simplified Properties Option
IFPRIP= | D & F DA ED B,
REFERXLERO—RKFBATHEUT S, TR
BE (C) 2&LTWH3,

h =c, +C1hT
ENTHALPY=FCOH+FCIH =% TC {J ke)
2 = Cop ‘f‘C]pT
DENSITY =FCOR0O +FCiR0 *TC (ke / m')
A =,k +e,T
CONDUCTIVITY=FCOK+FCIK % TC (W,/ m<T)
T=C¢Cyr +ecyph
TEMPERATURE =FCOT+FCITxH (c)
M =Copg +C1# T
VISCOSITY =FCOMU +FCIMU =TC Pa— s
LTORBIFBEIEET 5.
FCOH S DATA/
}-T— e —-0FREYE (0.0)
FCIH S DATA/
FCORD S DATA S
}%E@L‘%ﬁ (0.0
FC1RO S DATA
FCOK 7/ DATA S
}%‘.’:Ei@%@ﬁ%ﬁ (0.0 )
FCLK /" DATA/
ECOMU S DATAS/
}*ﬁif&{%%{ (0.0 )
FC1MU /S DATA S
FCTLO /DATAS VHEAFRAESIRDINIKF 29 7T 2720, BN
FETHI ZDATA PRESO, E BEFCTLD > SFCTHI F TR EBEIHL
' TNEUBEAARIT 2, Navtw ¥~ Y OEE, F7 1
A+ EIFCTLO =300.0, FCTHI=T00.0 E 2k ¥ty &
- 04, FCTL0 =20.0, FCTHI =100.0 ©T& 3
B o8 Material Properties (Solids)

39—
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ok & 58 BEF®
BHUAOMMOMRIZERE 2, iy, FEeoE2ESR
T, RKOFEAINEDI S,
1
A=—————————+Cpg +CpTe +0g T oty T’
Corx + Copx Tc
CONDUCTIVITY=1.0 ./ (CO1K+CO2K* Tc) -+COK +
CIK *Tc+C2K *Tck %2 +C3K *Tecx %3 W,/ m<T)
Cp="Cocp + Cicp Tc+ Czgp Te* + Cagp Tc?
SPECIFIC HEAT=COCP+CICP*TCH+C2CP*TC* %2 +
C3CP & TC = =3 (J/kgT)
p=Cou +Cy,Tc +C,T %+ C,,T
DENSITY =CORO+CIRO = TCH+L2RO%TC% %2 +C3R0O=
TCx %3 kg / m'
TCIREET:®&EL T3,
TROFREL, NAMELIST/DATA/ O+ (Wall
Model ) #BOMATWALZ TFTHERMAL STRUCTURE
PROTOTYPE CARDS DOMATERLOBIC X o TA ¥F v 7 R
gn&ﬂ
NMATER ZDATAS ElEHE O, (0) . A#iE, MATWAL 2 MATERLD &
REEPRCEDALAEZITRINRENLSH L,
COLK (M) - '
COZK (NM)
COK  (NM)
Z/DATA/ e R R RAOKE (0.0)
C1K  (NM)
C2K (NM)
C3K (NM) -
COCP (NM) .
CICP (NM)
/' DATA/ CHEE R R OFEE (0.0 )
C2CP (NM) :
C3CP (NM) =
CORD (NM) n
CIRD (NM)
S DATA/ -FEEERROHEK (0.0)
C2RD (NM)
CIRD (NM) -
CITNMRBERHBEOESEERL TS,
NM=1, 2, 8 «reenne . NMATER
Fl) NM=1 - SUS304
NM=2 e SUS316
NM: 3 ...... q‘/“)yjj =) /r

=




PNC N9852 8408

(10) @R 7 v 7, REFEOKRE

EHE nHE HEFE
1DDP ZDATA/ K 7Fvavid, BEHACexplicit & &Y HEBT
5. (AL, IFITEN=0F A1 F2032, ISYMCH=
0B 1FhR2), chizEE, EPHERENS
KB 2D (EHXT2HBEZOEL) OB
AEFEHEL T3,
¢ e B A TIDPAEHEL, E+t2r0DIIPORAE
Y¥HNSE, cOFFavid, TNTOELO
RN RBEULEF IV VEBRTCTERTH D
1 eeeees DODP4E, ISTATE= 0 ¢ Emyic—EiHE IR
RBlExhd, EtHENIT, FhBEE08ESEE
U, HE—EHHEREFTCHVE, (%)
2 erees EHHERF v 7 TEENMITONTIDPAEFHEY
A, force structure DFHT, KSLEHIR
THinposed W3 EERN I HEFHTH B,
IDTIME /" DATA” 0 - ITERET &k, BEAF» 718

(time step size) #H5Z 3,

1 e EXANZBEELIRHHENEET 2 EHRITIMETCHR
FARAFBA Y2124 ELT, BillzyF
vy TIEBNBTCHEEIRSE, (%)

BUWRUEBAS v 7EEDs95 2 —%  Time and Time Step Related Parameter

TSTART

IDTIME

DT(1)

/DATA/

7/ DATA/

/DATA

IR, sec. (0.0) o O, BmME
(ISTATE=2) OMBIKBIr Y 2w T NETH3,

0 oo FRESEETEITICL D, BT v FE%E
5z 3, .

1 wreees BRR7 v 7Y, RAFEEMA I L2 v
b (courant BEAF v 7IB) tFEEHINHE
THEHRTIMEORM S LTAHARTHEXIR S,
(%) .

At =(,Atc
Ci: 1T ORE (FIHEEE)
Ate: Courant ¥FICk o TREBZ AL
(1 @RI ET 2 EADER)
TREAETHRENKCEELRHEEESITR,
A x
AL <Aty = (

) min
u

Ax
18t <Aty =€ (p~—) min
I'h

pAx?
) min

—A <Atvis =~ |

I
C=1/6 ~1/2

Bz sy 71 »5LASTDTE TOMMB X+ » 71§,
sec. (0.1 ) o IDTIME= 0 DB EKDOAZOEMHL
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E#2

A |

BEHIE

DT(2)

LASTDT

ROTIME

NTHCON

NTMAX

TIMAX

TREST

/' DATA/

/' DATA/

/S DATA/

/DATAS

/DATAS
/ DATA/

/DATAS

LASTDTEIB D 2 7 » I BT 2 WHE R 7 » 78, sec.
(0.1 ) . MTIME=0 OBFARXLE Y IOELAV R
%o

EFPCEERFy 7TEEEETHLEEEDRS D
O, LASTDTL O RID R 7 v 7 THRITW, LASTDTL 9
BORF v PTHITROOEMBR 7 v 7HALoNS
(99993 ) o COBEBIDTIME=0D EEXFERIN
%o

BER T y 7R, BERBKI-TELONLI®mARN
EERMA 7L A v Atck, EEC (RDITIME) Of
ELT, ABTHEZNhE, (0.8) ., COER
IDTIME= 1 ¢ E kDA ANLN B,

IWEFTOE. NHMEEERAFERMER T » 71&

At 2HET A28, ¥ 7 v—F YGDCONVAE B

TRy 7ESEHET 5,

0 «oeeeeee- GDCORV A IEZF 2 & 13 1,

> e GDCONVE 2 — AT 2BRF v 7E S,
NTHCONO B NEFEOTEOKMRATF v 7HE%
MELARIC, KOGINGa —zEd 3
fowic, BN+ 1| FEONTHCORKOE LAY &
L5,

<O = NEWOSHEE, NRAF o FT&IIECNVE
MOHTIEERKLTVS, £HIICHES
NTHCONO X ZER s nii, (—1)

#i& LT, NTPRNTENTPLOTR:ZRT 5 2 &,

COHHOBRABER Ty 7ES. ABMEXF v 7
ST LIRS, EERTT S (99999 ) o
COHMORAKE., COBMIKEZETIEIEERT
423 sec. (J.6E+T7)

TIMAX 13, Y2 ab—vs YEABHEEOBRMTHD
HiTiIKBENScpy BEIOZ TR,

Ca7ORDIBEIATOWAKMBAE, RAOREHRA
DERODICF 2w 2 T3, BOBUEMNMREST Xh KT
hif, RORHAFAENRTHLO B, SR FHIE, BR
Y= P74 niEHFERATENE. RV 27, 11
ORBEHEYOEPLET IV a 7RI &SR,
TREST & LTAREZHORTNRELRBTLINEELY
sec. (20.0) o

ShiE, J0B A—FTHELLL2Y o 7THEMNE(R
AETCRE - THWA3EWiIKreturnd 3743 Y X ¥ R
FAN—F VTLERT KIEEL T 5,

SRR R

€5 4 —4& lteration Control Parameter

5 A - S O—BNEHLFT 7+ HE, O
TR T I, REHFEBT A2 —-TERTD,

1 §2 OGLANCEEZRIZ #it ¢ 5 # — # Control Parameter

ARLTH B,
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EHE 254 HEH B
ITW ZDATA BHEZFy 71 HoLASTITE TO q
R#EEE (10)
: EEORHEME
1T(2) /DATA/ LASTITEIBR OB IR 5+ » 7B i3
b A
AREEH (10)
' ~IR R R A i
LASTIT ZDATA/ REXFy 7HOREEREE
feLTnigy
ZAHNDICITEEBICHWVS,
THEDR 7
ITMAXP SDATA/ | EAREHE V- 7ORBEEH (99)
. w 7':@&0
ITMAXE ~ DATA riar¥F-REGEN-TORE
B (99) -~
OMEGAV /' DATA/ EHFELOBRSEEMNF (0.8 )
OMEGAE / DATA/ TEAF-HFBERDO ~# (0.8)
OMEGAA /' DATA/ EhBoBMATF (1.5) _
RELAXE S DATA/ ran¥F-g#oBRATF (0.95)
£PS1 /DATA/ WEHESE (1.0E— 4)
EPS2 /' DATA/ ” (5.0E—5)
EPS3 S DATA ” (1.0E—5)
DLCUT /S DATA ME, EHEREGHONEIS v E2BRATELD
WWH©»A0.5 *DCONY OWEFEHE (0.5 ) .
ISYMCH= 2 (Explicit, SSORZE) D& EF W HI A,
DDDHMX ZDATAS By Lexplicit, BEHICB LinplicitBEH T
A BDIHOEARET EHDDNI A - Th b,
DODHIE, = v ¥ -tk -TOHDT (v —0
B RikE) 2EbsH 3,
COBSIFITEN= 0 28T 3,
0.0 «-ovvvrr e OO WA B, (%)
<00 ceeneene 2 DIIHORAEEZRHAN 3,
>0.0 rereeeres DDDHOE & U TDDDHMX A FHW~ 3,
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(11) BRAEH, VHEHEOHRE

E¥A 53 8 BRES®

BR&EDE Boundary Condition Types

TNTCOABEMMIE, FEBRLHRN I EE-—MFHH
BRARKEBEHNEZFLTVS, AIBREDLDRBIKBEBRELH
Bl ftassignE N 3,

KFLOW (N} 7 DATA S HEBREHEOE, (FNTONSIRF XHEICHT 25

7*”’%‘11?560 )

— D HEBRENERHTBOR, (HEEE
FOXFHFMBONREHEBERINELT
AHOKHEETA)

(A )i (Vy )ie=(PA ) i 14 Vi )

— d e SR A — RE D T
n=F (OAV) i/ ZC0A) 1
— 3 e R o FER (Free Slip )
vV, /én=
— 2............%&#}{@%&@&‘&113
(Vn di-e=o(V )i+
(Vo dm+s=— (V In-44

\t\\\k NS

0
5 —

\(\w\\

— ] e B R AGESER T HDO
’PV Al:"l/z(vn) =14
= l oVA |i4Vishs
1 e R A VELC (N) T RBEREIM
IbA -~ FTHETI> —EHEEOERN,
EREERMBEOETE —RTHY, B
MEER2RBETH 2, (%)
100 +NF--o-- o R BE AV SRNF & o R B 8 & VELOC
(N) ofiTHEZ oh 23— 1B BHYE
BEER.
Vo=Vos (B}
Vo: MIARMEEREL
far (t) @ SENFE 8 &

KTEMP (N) | /DATAS BE, AEFEERLHOR, (FT~TONSURF X@EIC

?1'?’-577#»%@&1113550 )

1 - ~TEMP (N) 7.3 EBREVERY - ¥
BOUNDARY VALUE INITIALIZATION CARDS
KL BEA52 20K -E0OBR,.
(%) o ZRAAHEERIBHEOR/EILL S
dazsh, BOoEGHRRERE IR L,
MEFOANELEOREHOHmHEERL
OB &ICR, TiREOEEF A 8BNall
Model Section @ 4 ZHIHTWAL (N} ,
HYDWAL (N) , WALLDX (N) , MATWAL
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EHA 8 BEHIE
(N) #HeELREghiEL S0,

100 +NF-ve-e TEMP (N) L ENFEMRBEEORICEY
BEA5X 52— BENEERBR, &
HAFKHEIIKTEMP (N) =1 oEaEHE
BRicstEZh 3,

Te=Tofar (1)
a=U0A (T,—T;)

200 +--eeer--TEMP (N} IR IIBREMBIALL — FIC
XoTHREXEI ZAMER—TFTOE
Fo

)\e A (T1 —Ti)
q:
Ax /2

300 +NE------ TEMP (N) ¢ ENFEHEARBEOHEIC X
DBRFERAEL 2 B BERNRKEEE
R,

q=QDfnf (t)

400 v BFEE A BIEAE OB EBR,

qa=10 :

500 +NF------ BENES 7 PREBEBRR, COBR%L
i, KEoxME, BonisE, BES
BRI lE~OBEZELEH T 5,
BEeEF A2 BOERLIAETIHNENS S

7////
Tsin
? % oy
2%
Tt Tw
KPRES (N) | /DATA/ EARAEGEOR, EHBRELHUIBREDOAN O

g sericBHINS, (TF~TONSURF £@D

F7+APREBTEL, ) KFLOW (N) =—5 (HAE

MEBEEE) tHAEGDETCHN OGRS,

FHPAEEERSUOI S IFAETH S (KPRES (N)

=0)

0 correvre - EHBERZHEIBHI ATV, (%)

1 »eceennesnseonBRES (N) WX O EABSES IO, — 8
BN—FOREINERER LT 3,

KFLOW =— 5, Pn=PRES (N) {(—z&)

100 +NF---ee ENFEOBMWBEAZ &PRES (N) ORtIck
STENIR2E5L, — B >BBEANLED
BER&HET 5,

KFLOK =— 5, Pp=Puofns (), Pno =PRES (N)

BRI T Oy Boundary and Cell Initialization

KOIFEHC X THAO— WS, BE—NKHES

JUEAEBRET I, ABH—LNHIE, BREEMMIL

A—-FILIODBET S,

VELOC (N) /" DATA S XNORML (N) . YNORML (N) # & CFZNORML (N) Itk

DIRENZFHROEBMNOYIMERE, m s (0.0 )
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Lo &

o3 5

BMEFE

TEMP (N)
PRES (N}
TEMPO

PRESO

XPRESO
YPRESO

ZPRESO
GRAVX

GRAVY

GRAVZ

NAME

RVAL

IB, 1E, JB,
JE, KB, KE

/7 DATA/

/" DATAS
Z/DATA

S DATA/

— DATA/

~/DATA/

ZENOYMBEE, € (0.0) « —EFLZBENR
REBRICH LT, TEMP (N) BBEBEEICHELL,
W,/ m (0.0)

KENOYIMES, Pa (0.0)
2HBELOYVHBE, B2 T—RUEEET
(0.0

% W 2 (XPRESO, YPRESO, ZPRES0) O¥HEES, Pa
(1.01353E+ 5) . S0y KkER, Z2HRA%Db
R LTHAEZXNS,

EhBRADX, ¥, 2z IR KESHRDBRE

WE m (0.0) %

EhHMBE~S2 FADX, ¥, 2K, mSs

(0.0

BREMHES - F

BOUNDARY VALUE INITIALIZATION CARDS

/DATA/

//DATA/)
/DATA/

Chooh-FTHREELDMHALLSTRE, FAHEH
RE1~48% END ' 930 -FERHFALIZUH
HiE o,

IHoOh—-FVTHAELTMLET L&, BRE
Mty — FoO®IC END” #—FEBALBZURE
WS,

EAAI—-FOHME, TiHoEVOBERAEMIL
TA22LIcH3 (BELEAEORREEN—BUBS
i, NAMELIST./DATA/ ®ZE¥TEMP & VELOC KX H R
EUAXBEBIHEETE?, ) . TRdE, BREOH
HEAN—-VFTHEETE S,
EFhZFhOoH - FOEREFRERICRT,

NAME RVAL IB IE JB JE KB KE W

(A4) (F10.83 ) | 714 )

PR -ee E#H. Pa
QBN
RLB ----- B, kg/m’

VELB------ XNORML (N) , YNORML (N) , ZNORML (N)
KE-THEINLIMOEXROEHEFER
HOMWIH, m s

...... _-r_:/y)pt‘._' J/kg

...... HE T

------ BRMMNMLY — FORYDERL, BTh
EBATEI L,

E¥OHE,

1FRRENLULEOeADSULEREEETCHT S
I, J, KORUDEKRDERT,

EHEO-BETALILMAETR T I2ELEKI, £28%
BORMIKDOERHEEBET 2500, 50 RED
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ERE

7 8

BREH &

WALLDX {N)
MATWAL (N)

HICREOHAMICHDREERRTEHDTH 5,

) BREHEBE S — FBIUNDARY SURFACE
IDENTIFICATION CARDSTEEAHRET 2 FE 12
BAREYMAL A — FBIUNDARY VALUE
INITIALIZATION CARDSTHBEAMET A2 HE &
MULTHd, LrLhil, WBtr@is
— FINTERNAL CELL INITIALIZATION CARDST
HARETAHEIRENS, BIEOEBS, &M
BERIXECHBELEBOERBTELRENT
WEENWNEESTHEESRTVE, BEOES
(i, j, k) &, (i, j, k) &&n
(i +1, i, k) Fhdenr {4, i+1, k) .
€ (i, i, k +1 ) OS> b TEHLMAELT
BB ERBANTNTAIOrOEERALIEEL TS,
BREFOZRIR, BREVBIEYr-FXbRE
LARBer#Bts — FAHNTHEELE
RS,

£ F 2 HNall Model

ZDATAS
/' DATA/

AEOEERI BEBR&HO5 4771, 100 +8FE
7213500 + NP2 ETT AESICHNWSOR B,
qa=UA ( T *Ti)
10 = 1/ h +4x 7 24
O WALLDXEMATRALZHE LI & &,
U=h
® [HTWAL (N) EHYDWAL (N) ZHELR & &,
a=4ed ( T, —-To} / (& x72)
le I Hi¥hAizE®
Ax /72 ZEHEBR LB OHER

KTEMP (N} =500 +NFO & EDEEEF
0 Tw

PCDA Ax =_hwa (Tw—'Tf) —hwsA
bt
(T\V_Tsink ) +0ALx

@ =0o0x0Q;fns (t)

Tk OHPDOOREBARTEET . EANTEL2H

&

&1
PCPA AX —'_‘=*hwa (TW-Tf)
ot
A

A (Tw_Twout ) +0AAX
2%
Twout =T0 fnf {t) 7

T V. Tw' A Tsink
o °

/0
//54\111%

=== Twout

BEHOES, m (1.0)
FENOHEE, cOEROMIE, HHOWEES
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E¥Z 28 BLE 75

(Bi&) o4 vF o 7 AMERFLTHNSHR S, ()
(F1) MATWAL@ = 3 - Z@ioHHYHEMIIN=3
roEBEIGNB,

IHTWAL (N) | ~DATAS SHHEEEHOMEELTHETILDOMEERD
E2, COEHOBEN, HmEA—HEYHREZERFuid
-Structure Heat Transfer SectionicB i 564 7 »
2 ZMHicH LCBwsh b, (0) ,
) F7arbEEEBZBAICH, HEMSEAND
HEEREAEEOBREEELHREOEHES
(conduction length ) THRULUMBR L -TH
Z6Nba

HYDKAL (N) | DATAS EZENIKBELAAAEHEE T L RGEER, v+
WEBELVA S XBOHBEICBORS, (0)
RERNLEARARERBIRIKOIER S BEEENFOR

THEXohd,

WALLQS (N} | /DATA/ HEAMEUREY Y OREGMIEEEL W/ v
(0.0 ) '

0K (K} /DATAS B L 5w s A ROk (1.0 )

ety (1) S/ DATA/ ERLLALEESASARRG] (1.0)

TSINK (N) | /DATA/ FEHOZBME L HEOBETsink , T (0.0 )
HSINK (N) | /DATAS EArLEAHOBES: 2 EE~ OB EHE s,
W/ T (0.0)

DTHALL /' DATA/ BEERXEDOS 17 S00+NFTAHVIEBERF » 7
o COBMRT v 7B, EFERBICHETLET
OMoAsFHIND, sec. (1.0E+40)

Wi+ ik s — F  Internal Cell Initialization Cards

— R HBe AR rTIHLy - FCOBLEERENE
MBSy — | o, RIAER, E1~48% END " &9 54—~V
¥ AEALBZITFNELESN O, .
(Internal | B LA B TOH — FTCHINLT 2B &I, AR
Cell lni-| aA@msr —VYomElc, END ' #—-FEEAL
tialization HWiF#IEMH S,
Cards )
AAHA—FOBWIZ, TREFOHNBLLEEXYN
kb ticddb, Fhe8hosr-FOEHREEXE
RICTRT,

NAME RVAL 1B [E JB JE KB KE

(ad4) (F10.3 ) «( 614 )

NAME ——— | AL e Volume poTosity, e A 2@FRMIEWT LA
MagBo#& (1.0)

ALY +eeeee Surface permeability, €2 (I, J, K) &
2n (] +1, J, K) OBREKE T ZHE
mitEes (1.0)

ALY -eeeee Surface permeability, ®a ([,J,K )} &%
n (1, J+1, R) OBMRBEIK BT 5 REHES

_ #E& (1.0)

ALZ cvever Surface permeability, & xn (I. J, K Y &

«n (LALKE +1) OBREKS T SRERE
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EEA

ook | BEFIE
mEa (1.0)
P (EA—WHREHE) (Pa) (0.0 )
aS0U--Ft etk DX (1) =DY (J) *DZ (K)
BHORBKE (W o) (0.0)
TLewsee BE (t) (0.0)
1} AREREY X HMEEKS (msec.) (0.0)
YLowe oo YVEREERS (m/ sec.) (0.0)
WLeweooe z HAHEERS (m sec.) (0.0)
END B P - VFORDERT, HTh
PREAT A&,
RVAL _— EHEZCIOBTONAE
IB, 1E, JB, —_— ChoOE2DEHI, 12+l rdrd iy
JE, KB, KE SEROVEAEZT 2 DOEBdERDOL, T,

KHETH 5,

) BRAEXEHREI - FELBEBAGEVBIEI-FOE
HIEESERREUTHIH, WS BiLD
—FOZEMMEFER L EIENLS, BIEOES
FHICEELAAREOER~Z r 04O
ML STEAERAEET S, BBEOES
v (l, J, K) i PBHEL2E5LI285HON
BICE-T, w24 (1, J, K) &€ (1 +1,
J, K, e (1,41, Ky, & (1, ], K
+1) oI rOMoXRHEIEET 2, BR
EHEHOTIBEIZ, WP BLH - F TR
, BREVBIEI-VIRE-THZ 5,
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(12) x2S BBBEARORE

EH

78

BEH &

NHEATC

HEATIL

HEATZL
HEAT3L
HEAT4L
HEATIT
HEATZT
HEAT3T
HEAT4T

HiE—gEyiosmkEE Fluid —Structure Heat Transfer

(NI)

(NH)
(NH)

(NH)

(NH)
(NH)
(NH)
(NH)

TVAL (NP)

/' DATA/

/DATA

" /DATAS

/DATA/
/DATAS
/DATAS
/DATA/
/' DATAS
ZDATA/

Ryl P REHETL DI, BEARETAE

KluiEEOoOREEET I, ChoDREREBRE

Z2OX, FEFLOINTNALE ERERRELI-FO

IHTSTROB T E I N T D, R v & FE (NI &

kOKXMoEHHEEINS, c, C

Nu=Co+C,Pr *Re”®

NU=HEAT1L +HEAT2L % PR % % HEAT3L % RE % = HEAT4L
{(Re<PETRN )

NUG=HEATIT + HEAT2T % PR * = HEAT3T % RE s * HEATAT
(Re >PETRN )

Ry bHE, KOS REEZRLEZEETS
HicHoR S,
h= (k, /D) *Nu
o, RRMEHEE DRRAEXES (reference
length) #&H# LT3, hid, ikt EE&EWLOoMO
EHRaEROIHICHHETALDICHOW ST S,
qa=Ax% hx (Ts—T¢)
SoT, AREM, TsHESRESR (structure ) OR
B, TTlHEABELSZEL T 5,

MEEEOROK (1) . o, /A& & HINTSTR
SIHTWALO R AB LB U TR REL S,
NH= 1 ~NHEATC

Ryl HOER, X vt PENIRETR TR
oo T, ﬁﬁ%@%é@f;bi:%ﬂtl (NH) *
EET 3B,

Ry b DR

I
7
F4
I
14

’”

1 {3 R

Transient Function

/DATAS

TANTOHBHEKRROIERICAAENR S, BIKKA
ALl EI3hhdhbod, BB (ISTATE=2 )
DRUDEATIREAFADLBTREN ST, &4
OBEBMIAPAENIEETIHTELEIN, ¥ v—F
VFRITIT 2 cubic spline fitiRENRREET 2, AN H
HOBUNMEF 2 7 TEELIE, FHBEOINEAD
HAHMENh S, yOEMFEETHEIARI0~15D
AT 30hLn, BENCEZA, @BEEARETALT
ZEO4LEIZI0N0 TH S,

BB O M ZER (B )

— 50—




PNC N952 84-08

£HA

78

RES®

FVAL (NP)

NEND (NF)

NTOTS

/' DATA/

/ DATA/
7/ DATAS

AEMEORBEHR. FlIZHOHBORBROEKLE
IEHORVIOEMRL LI KT S, il 2
HTHLRABOHFRET R, Z4 v Favin—F ik
ABTERVOT, BL3BBO2EBEAE*ANT IS
ERHE, FHRAEETIE R, H—0 x EEIC
HLyOHEEFLRENLLZYOELX2EEZ S,
FNFEEBBREROSE

EHEROANA B TSI, NAMELIST.”DATA
SRNEFFARRECBEBRROESLYREAT LI &N
TE L, CROOFEHIZ., EAERFE (thernal
structure prototype ) OEHBLE UMERF TEE
NTBTS iIcAH T B, KTITS KEAWThoED, b
DETOANEROBELWMETITHES D, dL,
NTOTS ICHEAEH LR THE, RBEORBEHEEOF
SREFHINLL,
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{13) HIR}, 7o v r -7 REF»Ny FOBRE
EHA 28 BHEHiE
[STBUG / GEOM,~ 0 -~ REREZETEHLIIG, (%)
1 eerernees ’” Ef]EIJ-g‘%D
IBSBUG / GEDM.” 0 wereerene Boundary Surface SummaryZFIEI L 754,
: ()
1 +eree  BITH B8 1 Boundary Surface SummaryZFJ
73 e .
AR EiT# T#®iCBoundary Surface SummaryED
Rl 3,
LMPRNT / GEOM.” 0 -eeeeeeee T EBELXEESOEFLHBILIT D,
(%)
LMPRNT= 1 ¥ /- iZLMPRNT= 2 TlREW®RF ¥ v
FHEBEFBBICHB XN TETRERT T
COBHRBLAEFDRENOTHRETS
50T,
1 e A B BEFIZER T 3, LMPRNT= 0 %R
R colt g )
/RIIEEREE A ESLEEESSEINEHRI T 3, LMPRNT
=0 x2#HE X,
iR+ 7+ s >~ Printing Option
4 F—F YOITPUTOBE A L 1k, NTPRNT 2 TPRNT ©
PEBICE s THEZNG, hvidBeicdd ik
—HiItEbRh B,
T —F OITPUTA RO HT T LR 2 h 3 F#H
td, EITODISTPR &NTHPR ik o TEEZN B,
NTPRNT S DATAS T —F IITPUTAR IR TERAF » AN
TThH b,
I JESTERIRES T =F UTPITE R E B, BR S
—FDOBES&E, NTPRNT=0&9 3 +Hi0
NTPRNTO fE it EH E N 5,
>0 eerees H 7o —F YIITPUIT2 BT BREIR T » 7
B, NTPRNTICE W AENEADOEOKE A 7
w ZHMBINALEIC, (UITPUITO RO K
LoD INTPRNTOEN+ | EHOERA N
ofhd,
<0 e =NEWHIHEEIEET AL, NEHOKMR
Foe 7T &Il T —F YOUTPUTHEE FHY &
3, NTPRNTO £ 0B OB IIEBER E L,
—9999---EITRTHZBITY 7 —F YIUTPUTA B H
hg-u
fl) NTPRNT= 0 -~ b #IC Y 7 —F »OUTPUT
{ HESGH S8 0,
NTPRNT= 5, 10, —999%--2F v 75, XF 9 7
10# T E & ICOUTPUT
NEERIN D,
TPRNT /DATA 47— F OUTPUTA B R4 (problem time,
B) Thb, S0BETHETSE %,
0.0 -erveeees T —=F OUTPUTE R HE I (%) 4
BXy—1rD&&, TPRNT =0 &9 3 &Hi
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ook 558 HEHE
DOTPRNT OHEIZEHIN S,
>0.0 - OUTPUT A BE A 9 B F. TPRNT O NEH
OEOCEEIME XN EICIUTPITA KIS
ST ADIZTPRNT OFEN+ 1 EHBOE
PHoHh B,
<0.0 o~ TEIEFET B E, TEHRECIUTPUTA Y
UHd, ZOBROTPRNT OBIIERR I NI
A
#) TPRNT =1.0,5.0, —10.0----- B21.0,5.0,10.0,
20.0, - OUTPUT
. U IRHBT,
TPRNT = —5.0,10. 0+ B %010.0,15.0,20.9,
- ZOUTPUTA M X IR &
3,
ISTPR S DATA S 7 —F VITPITO RO FH L CTHIR T~ &/
HEEBET S, BEOC2 —FEITAINRTE S,
(0)
NTHPR SDATA/ RIEA DT T OIUTPUTIER IR L TEIRI 3 ~ & B 5|

EEET D, EOa-FHITANTE 3,
AEEZIICH LT, ISTPR &NTHPR @ ‘SVVPLL O®
DFEHEFLBRIICEL 5,

S e VIPLL T TRELAEREEIRIT 3
(%) o 75 AWAREBTE 2,
— e ISTPR % 2 (INTHPR @ ‘LL’ OBAEOM &

RoOEOMOETOmMEMRT 3,

Vo0l UL HED u Ry

02 ...... VL »” v ”

Dgeerenr Wl 7w

04-eeeee HL Ty e —

05-+++TL i

06 AL volume porosity

07+ ++RL o)

08----- p & JF

09-----DL Ru L

10-+----ALX X GHEHEBEE (surface
permeability)

11----ALY y A EmEHEE (surface
permeability)

1200ee ALZ z HPEAEERSE (surface
permeability)

I DRDT d (RL) . d (TIME)

14-+--TURK LM EEh T k2 & —

15-+-0SOUR B AT 4 S 4

16-+--- PSTATO #0HRie T

170 ene P — PSTATO

18+----DDDPOT d (DL) /d (P)

19+ ---DDDH d (LY /d (HL)

20---TURCON &L b 4% 3

21----TURVIS LT HH

P 1 ceeen t HAEHRY 5,
RTIEIT j M ”
KEREEREE k ”
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ok &

S

HEH®

NTPLOT

LL ENRId~&E@. SH+OEEFIZ 12O IFHE
FEh, SH-—D&&TISTPR £/ HNTHPR ©OH
T L Eiko LT oMo T~TOHEMN
Flxhs,

EHBREROHHIE, ISTPR &NTHPR I “SBNNNN' %15
FT AL -TEHELZ B,
S e EHREEZZES NNNN 72ZUHIBIT 5, (%)
TEAREUEBMAETH S,
— - ISTPR F A RZNTHPR @ ‘LI HoOBEEEE
ROBELOMOITNTOXHERMIHME 2
VW 01----VELBN i o 2% 8805 o D i BE
02-+---+QBN “ MR E
03-----MB BiEARerES
04------HLB EHEDT VI VE—
05+--+++TLB FEOEE
06+~ AREA ZHEZOEH
07~ RLB *HEOFE
08------ PB o EH .
0G-e-er 1JK BMEAS e rORE (41 vF o2
) . B CIIJIKK oO®% &
b, lIRIA4yFy s R, JIiZJ
A1 vFy 2 X, KKRKA ¥F v 7
RERLTS,
10+ BES 7 v BEFATHOONT
NWHEEIEEBHMIOOE~DL —
W F — i B E#E (KTEMP
(LL) =500 ) :
LL SHA+oeEsxl3 1ML AL LA, SH
- DEEREAED L EiExo0HD LU HO
Mo2kmEMPHNMEh 3,

) ISTPR =06105, —10301, —10305
NTHPR =01105, —02301, —02305, 90101, — 90501,
—80505

RYIOITPUITOR KL T, 1 =5 DE Dvolune
porosityE KHE 1 5 5 @ x Hsurface
permeability2 B4 3, ZOHDOLTPITO R
HLTH, T=00EOHEDOURSY, Kl H
HHDEBEOVESD, FH1OBREE, RUE
Ml HOREOBENIMDREI AR 2,

Iy b F—FA T a Plot Tape Option

S DATAS

oy FEHEF—-FIRICE S AL E S IAY, 258
FCOMAEEETE 3,
0 e ShBlETe .y PEBREF - TRBSAEN
Wo(k)
>0 e Ty tEHREF-THBESEALEBRR S
Y v T EE, NTPUITOENEBOEORE A5
y TENMBELALRE, EN+ 1 EHORLHE
D TROF—TEHESAIERET B,
<O = NEBEFTIENEKHR T vy 7T EHH
Ay —T0ICEERAL,
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EHE o 55 HEHE
NTPLOTO RO BITER S NI,
) NTPLOT=—- 5B RAF o 7T LM ET 3,
NTPLOT=5, 10, —20----- A5 v 75, 10, 20, 40,
60, "'iﬁmﬁén%o
NTPLOT=10, 20, 0 -~ ZF w F10&E 20424 =
B33,
Foly Fov3 A —4  Debugging Parameter
BB TOBEALSEMNELT, 2 —-FOhIZn{>D
POFRy T TS PREET D, FOLDTHEHND
flxh, FOEIRTRAICHFIILERBICHELDE
— B RV R RBETE L, T NTCOF Ny
F7397K20T, F7x20rHRBETHY, £0
BEF Ry S RTIVEPTO FERED,
IBLBUG S DATA
IENBUG /DATA/ $ T —F VENERGYD /e D F 8y 7 5 9 7
T INBUG ”
IMOBUG “”
ISABUG ”
1SSBUG o
ITIBUG # 1] vnenBA ¥ L= a I EiZDLMAX ZEIRIT 3,
ITKBUG o
ITLBUG o
IXMBUG 7
1YMBUG ”
1ZMBUG ”
M7 3 97 AOFEER, AEBIOHICE - THhilE
BELIREHOMEERT IS 280TIE,
WEZ0.0 £0.5 ofiTHE U RiEN 59, A0=0.5B0
=0.0 D& & EFmELS, A1=0.0,B0=0.0 O & &dix
EHHMRREINS,
Al / DATA W77 27 2FHOLDHOEE (0.5 )
BO S DATAS ” {0.0)




PNC Ng52 84—08

4 HERBBAHTF -4
41 COMMIXEERLHE 27 LDHE

W B Y
A7es 541k, COMMIXa—FhomBENAIRY—FT 740,
FLRTmy b7 A0 CHL, F—2EEEERRBARL, HE~7 b
B, $EHESICHRINEBES S 75K T 5.

@ B BE
A7w2s 541k, MULTO, VECTOR, ISOTHERM, TOD I
SC, GRAPHITOI2D Ry sy —IHholaTind, BTEENZHOD
BRI 20 THER~NE,
(i) MULTO
WBOTay b7 7A40% 12070y b7 594 VICIBET S,
(i) VECTOR
COMMIXhoWMAIOR IR —bELRBT oy b7 74 %8S,
HE~RZ PARERL,
(i) ISOTHERM
COMMIXbhohEN Y2y —rEAR Ty b7 v A LEES
RERERETLISHEERER L,
(iv) TODISC
COMM1xvémbént7nwb774w%%a,GRAPHIT
DIDHDFT - E2ERT 5,
{v) GRAPHIT
TODISCTIEREN LT —9%5H, BMATEEY S 75,
uﬁﬁﬁm,E#iﬁ4vi0y&—(NLP),%%ﬁfnwf—(VE
RSATEC), 775749 78%K (TEKTRO), 232749200

NHrEERLT, BAHTHE0TE3,
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49 AHF—4 ONRBE
{H MULTO
ANBRHROBY THB.,

9 10Hh 5 4

MTAPE

(7x—=9 ) 12 (BY) 7oyt 72100

2 VECTOR
(%)
NAMELISTRERTANT R, 72—=v t RROBUTH 3,

2 84 5 LB

& PLOT pra,=a&; , pra;=o&, , ** ,
24 5 ALK

PIa= @y, & END

pray  BEBANERETH D, RIKADEHOBERERT,
ay  ANREOETH S, RleBRash,

# (x) NAMELISTO#H®

(i) 1DOAI-—FOERBIX, B2458LUERIMSHFLRAENRLS
i,

(i) NAMELISTROHK, 145075 NBET
B3

(i) 12OAHERBOERDOIR, &ENDTH 3,

(iv) BANKEHDOEFUEERTH2, BEALERE 2+ TRI S,

(v) ADEBHMICZARS - THRVIABHOBFEALNERES L
AT,

(f1) XMIN=2ES3
XMIN=2E30,

UED 223 LHEERDT,
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#1 VECTOROBANEBORHK

AHERE (prag)

® Bk

il X

SCALE

ITFI3JK

1 JKL

— o
Q)
e BN
— [T

IBUG

IVER

ITAPE

ITHK

w

AV LIV 0k
codwe—H o o8

CHmMY ATy FEE
(A2, L= 1.0 olid7o» FEHIRHE]
oA, 1JKL=1,—-6 B old7o v FE@ITH]

FI37094X (4 7F)
Vv FROBE
D:20 e FEEANREL
17w FBEADRA
Awf&ﬂ@tb@?ivf
THALEN
1 L s i S
OMMIX:’-—-FCD!\'—")"a‘/
1 : ICER (HEMHRALTHIN)
2:SIMPLERER
S
0:
1:

(&a—E—1ERK : 4.2)

LY - OEE
y 2y - rF - ERAHID
Fuy P F—FEREAD
lOH&RMES
[DEXES
JOEMES
JORAZES
KorhES
KomA#ES
0 - REcHEERLT S
=0 :HEKcHELHED LI

WnEn o Il"i!ll [

MREE (KE) OBSOHE
oy T AERYNOEKA
7oy b T LERH A
Foy T AREOK
ZHOR®
(47 2O0FE"WYZ" TREONOELEDT)
W-—EX @O 0~5
X-k&&x 0~6
Y-%RHDO%ODW
=0,

L

oF
o
at
#H

(L)

L

N

|

bl
R B I
\I.wMHOSWMr—-

BRELFS

|
%
O
|
%

0.0

TMAX
IMAX
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|
(43
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3

ISOTHERM

NAMELISTRRXTANT S, 7+—=2 Fid

2 84 3 & LVIEE

& PLOT pra,= & , pra.=«,,
o4 3 A LR

Pra,= @y, = ., & END

prag : BEBANERETH 5. ADEROEHKREZR2KRT,

ap EBILRENTVEANTHOHTH B,
%2 ISOTHERMOAHEHOENK
1
ANEHAE (vray) P Bk F7 &0t
ITAPE RAHCLF—s OHME 0
=0; 1 RF—=-FF—-¥
>0 Fne bF—F
JFIJK L DI 0
=1:;1mM@
=2 JH@E
=3:KM@
] JKL oy T LSEHERES 0
>0 7oy PER
<0 :;fm¥Fs7ey ER
I1GRID 7V o FROEE 0
=0;79» FgEEARGY
=1, 799 FEEXANS
NPLOT
SIZE TS5 709 4X (4 7F) (&a—E—fFK :4.2) 7.0
TMIN sEENom/NEE 10.0T
TMAX “HEERORAERE 300.0T
DELT “xEEHOEERRE 10.0TC
XSCALE XAmOER 1.0
YSCALE y AR OER 1.0
ZSCALE z FRDEE 1.0
IVER COMMI X2 — FO» =Y 5 » 2
=1; ICER (HE#RL TV
= 2 ; SIMPLER IR
1B I o®NME 1
I E I ORAH IMAX
JB Joz/hE 1
JE JomAHE JMAX
KR Kom/MhE 1
KE KomAH KMAX
ITIME >0 HlEcEBER AT A 0
=0 ; HEmicklEtBhLiEn
BTIME 70y T AERYIOEL 0.0
DTIME ZFow b4 AHELALE 0.0
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- T
ANEHE (prag)

= 173 F 7 4k
ETIME Tuy b TEREOER BTIME
ITHK BREEAS 2 —SOEHX 2
MOVIE =0 ; 2—-E—=%FER LKL, 0
>0 L—E—%EWmT 5, BTIME &ETIME ZIESE
LIS hifi o, DTIME i1 B M b
V-—LEE5XL 3,
IDIGIT >0, SERORDYKEEOREANHAT S, 0
HITE BEOHFDIR 0.1
PH I BEOH=ZOARE 0
LABER FRBERLBECERT 3 0
=0 ;{AbEhrhi
=1 RERREEIRDEItLORLIKEENSE
=2 BERAKBELEPIEMAMICEENS
@ TODISC

NAMELISTRRATCADNT S, 7+ —< v PIROBD TH B,

2 TH 5 LLIE
& SET pra,=¢a, , pra,=«ay , -,
pra,= @y, -, & END

pray : BEBLANBRHZERZL TS, TEOANEROEYEXIIKRT,

&3

ay

DEINANEHOELEEL T3,

%3 TODISCOAAZEROEL

I
ABNEHAE (pra)

pEd ok

F 74 NFE

NTPRNT
ITAPE

ITHPR (N}

NTHPR

NTPRNTI &7 w4 ~EESAL
= {0 ; GRAPHIT O/ dDF —s %7+ f B EA
t\
>0 F—9%xRF9 7T 3B
ZrAREEINIERICHE TS -FES
1-UL (xHmdfE (0 s ) )
2=V (yFHnmK&E (n's ) )
3-WL (zHmfE&E ( n s ) )
4 —TL (BE (C) )
5-=TLB (BROEE (T))
6 —VELBN (FHOEBHF R OIE)
T —QSOUR  (EBIT#E)
10-TTS (N) (=#HEEXROCBE {(T) )
tarda—-NES
Z¥UL, VL, WL, TL, QSOUR : TLJJKK®E =
FEETLB, VELBN : NNTIJJKK# =
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1 ' ~ 60

YLAB

(7ax—=v b)) 15 (BW) Y#HOS 4 b (RDAE¥LT3)

2 94 5 A LI
& INPUT Pra;= &, ,pra,= &z, ,
pray =@y, , & END

pra BERADEEBERL T3, ANDEROBUKEER L IKKRT,
ay (FRADIXIKADEROBEERL TV B,

4 GRAPITOAANEROMKE

T ; )

ANEEZ (pray) = 23 default

COMIXA COMMIXOEBRZEMT A2EH 1.0

COMIXB » . 0.0

PLOT= (COMIXA=DATA+ COMIXB)
EXPERA ERF -7 EBRNTAIER 1.0
EXPERB ” 0.0
P L OT= (EXPERA# DATA-+ EXPERB)

NEXP EREHOH 0

NVARI HHEROIS 7S

NVAR2 =0 ;NVARl &7 o b 0
>0 ; NVAR]l &ENVARZ 0 ¥EH& 7o vy b

ICH =]  ERF -7 2R TTuy T3 1
=0 ;EZRF-IEEBTToy TS

IPRNT =0 ;EMEF) LIV

‘ =1 ;EBEAESYI TS

IXTICK CXHIOMOYOBO S 4 B A

IYTICK VHOBADEO 3 4 v I

XORG XWOmMFEL (X#) ORMNOHE

XSTEP X HO BRI O B 5

XMAX X Bl D K%

YORG yHOYELD RN

YSTEP yHoOMBRZOKS

YMAX VHOWMBREORAHE
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ANER (pra,) o B Fo b

LR ULNNRERBESE2RLTVS
ZERTTS : TTTEEEPP
L MMMHRERBEZEORS
FEERERAEZRANOREEROES
PP BREOK
FELTWES
NNTHPR iDa—FES 0
BCLD=1 F L IRHEADRRVP R IR IBFSICRLELL
MTAPE Fow b7 A D 1
IOLD =0 ;fEREh k74 vEHBBLEN '
=1 ERINE T ANEED, HGLOT A1 ()
Ve 5
NBEG ROIOBERT » 78S 1
NBEG>1 @ & EHEADERAZ & 78t
(EEHORPIERY - P LEF—FE2RLES
ROBEAADLLFNEL SI0)

NN 1 Wi+ DB
NL1 FHEZRORE
NPINS ol
NELPAR EREZNOEZLIOK
IMAX XHAOELDEAY
IJMAYX y #
KMAX z ”
NSURF 2a— 7 KZEOE
ISTRUC EsREHOL+ SV g v
JDUMS
(B) GRAPHIT
ABBRXRKOED
1
i
1% H *!—IFEXP
(Zax—=9 b)) 11 (8% EFRF-—IOFEHIKETIL > a >~
=0 :EHLEL
=1:Em?5
1
I
2 & H TiFCﬂM

(7ax—<» ) 1l (FEW¥) HUEROFRKHETEF 7y s v
0 ALY
1 RT3

1 ~ 60

TITLE
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4.3 EEHbHA

(l. GRAPHIT

a. AbDhF ¥

1]
1
T<EMPERATURE AY> (i=1 , J=35)%
<TEMPERATURE >(DEG.C)¥
SINPUT
IPRINT=0,
XORG=0.,XSTEP=150.,XHAX=600.,
YORG=350.,YSTEP=50,,YHAX=550.,
XAXE5=10.88388,YAX18=13.56589,
NVAR1=0,0,0,0,0,0,0,0,0,1,
&END
T<EMPERATURE AT> (I=1 - 6 , J=35)¥
<TEMPERATURE >(DEG.C)¥
SINPUT
NVAR1=1,2,3,4,5,6,0,0,0,0,
LENE

b. HARR (EROMHD0.566&, 72 UNLPHH)

Temperatu_re at (I:]_ , J:SS) Tempel‘ature Vat (I:]. -6, J:35) |

o [=]

o <

'y oY

10 e}

ot O.H

[=] <

g 3
2 s S 5
e s ey oo
5 8-f , 5 8-
ER P i LEGEND
= ] 5 o= 10135
N o o= 20135
g E a= 30135
Se L S += 40135

s ) s, x= 50135

2 T@m = o= {0135

o (=)

P P

n D

(] - 2 [

0.0 150.0 - 300.0 450.0 800.0 0.0 150.0 300.0 450.0 §00.0
time (sec.) time (sec.)

@ VECTOR

a. ABF -4
&PLOT
SCALE=1.,
1FLJK=2,
1JKL=1,
IGR1D=0,
IVER=2,

18=1,1E=27,KB=24 ,KE=71,
ITAPE=1,ITIME=1,BT1HE=339.99,0TIHE=9.9999 ,ETINE=441.,
SEND

—_ (33—
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b, HWHRR (REBEOWMALD0.06f, X UNLPHY)
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2 ol Al SO Rl
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o >>>Pg;.> -1::73%%5?5’
afa]ala ﬂ_‘_gjv YTTTTEEY
s|alafel al ]2l )" ehogwee=3
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adalabs| 2 o[ 1P alaana <7

NS AN NS AL

N eligogaaaal

P apgreer 4 4

I gl g agn et

AADBB“’VP

o | SN

TIME :
0.70 M/S 320.0 SEC.

3 ISOTHERM

a. ANF-—4

8PLOT

1F1JK=2, 1JKL=1, 1GRID=0,

THIN=350., THAX=600, ,DELT=S.,

IVER=2,1DIG1T=0,LABEL=1,

18=1,1€=27,XB=24 ,KE=T1, .

ITIME=1, [TAPE=1,BTIME=339,99,0TIHE=9.9999,ETIME=441.,
REND
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b. WMARRE (EBEOHAHD0.5665, X LUNLPHA)

e
mer
i T
]

5 [r——--._J
T AT
1

T
RN

TIME: 340.0 SEC.

4.4 BEFEH

a. OGRAPHIT +* o & — JTEHEAER (Thernal Structure ) OF — s % 5H &
BLlTway, EREZHNORE (T15 ) 2HEBHAITE L,

b.  [SOTHERM € w 7 — Y TITAPE =0 O 4, 2HEULED Yo v FEHTERN,

c. NLP«@%&ﬁ?é%émmﬁ~%bmﬁuwa%mRmmnmwﬁﬁ
D8 Fo ¥, REGION SIZE 2 A%< 9 3,

d. HMAXBEFELNER-DOLIOTHHOASEIMNEN 5,

e. VECTORDANZEHSCALE OHEHHER>0T
mﬁifmld?f%0®ﬁﬁﬁﬁf%én%nmbmmuﬁ=&0%Aﬂ
LT AOT2E, HBTHEIHRNLSALE # (ROFITOOHE) S
N, OEBIAEATCIA vy FEDOREREHENE, CQOHERyr —~1T
HBASEXRPTISENTVEOT, ZO0HOBEILSVTRAT b 2O
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EENBETNESTEFLIHEMICES, 2OLINHEEICIE, SCALE Ex ch &
DEENSSLULAEFTRREN, ZOSCALE Ex 52 hdOKIIEITHRAX

s,

XMIN= 0.0 (METER) IHINL= 1

XMAX= 2.150009E+00 (METER) IMAXL= 31

YMIN= 6.0 (METER) JHMINL= b

YMAX= 7.864980E+00 (METER) JHAXL= 71

XLEN= 2.150009E+00 (MEYER) AVGX= 6.935513E-02 (HETER)

YLEN= 7.864980E+00 (METER) AVGY= 1.107743E-01 (METER)
YLEN/XLEN= 3.658114E+00 AVG PART= 1.107743E-01 (METER)

MAXIHUM VECTOR VALUE 1.6767E+00 (M/S)
“SCALET":VECTOR SCALE CALCULATED {D1.5136E+01

1
"SCALE" :VECTOR SCALE AS INPUT @1.0000E+00

THE REFERENCE VECTOR IN ~J*-PLANE 1 1S REPRESENTED BY (9.914E-01)*[{1,000E+00) = 9.914E-01 M/SEC.

aouon

f. VECTOR. I SOTHERw 4y~ 2bi2, F7ow rOBEHIEE
BRIED 125y 7THROMSMENE, PIZE, t=10sec TFm v+ L
VI AICBTIME =10.0&ET A&, t=10.0sec OWMOBI T v b &
NBCEBBB, Rk t=10.0sec KT ZBAHART t =9.999999

08sec HENH o TWWBNHTH B,
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5, JCL®OEy FT w7
COMMIX~-1ARIBBIWERTTALDOICLE, ZORWTREELHE
HMAOZHBLDDICLEDNTHERNS,

551 COMMIX-1A ZEfFTHIJCL

1t JCL@
JIT107CCMX JOB (227),THA.GRP,MSGLEVEL=(1,1),
/1 MSGCLASS=U, TIME=1440,NOTIFY=T107C,
i1 ATTR=(12,C3,48)

1 1COMMLIX EXEC PGM=$30000 ¢j) o

JISTEPLIB DD DISP=SHR,DSN=T107C.COMMIX1A.SIM,LOAD CiD )

}IFTOS5F001 DD DISP=SHR,DSN=T107C.COMMIX1A.DATACSAMPLE1) (D

{IFTO6F001 DD SYSOUT=(U,RURA1),DCB=C¢LRECL=137,BLKS12E=1370,RECFM=FBA)
/{FTO9F001 DD DISP=SHR,DSN=T107C.COMMIX1A.RSTRT9.DATA ¢V

JIET10F001 DD DSN=T107C.COMMIX1A.STORE.DATACV) DISP=0LD

{/FT76F001 DD DISP=SHR,DSN=T107C.COMMIX1A.GRAPH,.DATA &/

1

(i) COMMIX—1AR—FESa—nDAF -5
(i) ” F=Fky FE
(i) ABDF—2DF—9 2yt 4

(iv) BBERAALBHI7 A LDF—F 2y + H

(v) BERERAZ7 71 VOF -4y v &

(vi) 7oy bHZ 74 NVOF —F v b &

STEFPLIB
COMMIX1A®D
Re FEY 2~/ FTO06F001
FTOSF001
ANF—-% COMMIX-1A FTL10F001
B
FT09F001 4
-
S
2 |
FT76F001

E) HALEVZ 74 ADUMMYIZLTH
HATE7 7 A4 (HEENT 10 &£ 76 )IT2WTR
PHETHELEN LS ALLOCATELTHL,
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2 @ERFLDCEB

LU TAERE F—F ey b DCRB
FTOS5F001 ABNF =5 H—F LRECL =80, RECFM=FB
FTO6F001 s #  1330r137, ~# FBA
FT09F001 WRERHCHTyA4n | « X , 7 VBS
FTLOF001 REEERT 7 42 © X, o VBS
FT76F001 Fuy b7 AN v , # VBS
STEPLIB COMMIX—1A®D

2—FEY -

@ COMMIX-1AQo—FEYVa—n

BE, FRAESERTE3COMMIX - 1A —FEYa-AD7F -4 %
w PRESYN—ZRBROBYTH B,

DSN =T107C. COMMIXAL1.SIM. LOAD

Awn—|lavrryvgy EVa— ¥ | | B | avegs5—
‘ £y b A4 X (kb)

S30000 3 640 NaHl OvVLY GE
$100000 ” 1055 # i3 ”
350000 « 1824 ” OvVLY ”
S50000W DEBUG , BENCH 144 ” # ”
S100000wW # 944 ” o 4
SH0000F3 BENCH 597 4 # 77T (3)
5110000J JOYO 849 4 #” #
Ww3eoeo i 663 b, 9 ” GE
W251600 “ 1549 “ # “
w500004 ANLDZ : 571 ” # 77 (3)
Wo0000MC MACC 274 # “” 7 (3)
W50000W BENCH , DEBUG 750 ” “ GE ‘

) 94 XHBRRTSHMANE, - FEVa - AERRLETOTAE TS+
vy - EEFIEEAEBLTTFEL,
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5.2 EWEBEAEJICL
RO, BLIUHZ2OEFZEHETSICLERRUBOD~QIKRT,
¥/, IERAEH 05400 —FEY2a—NOF—~F vy bRE2 VY N-F
%, HoBERNEIMARNZTOIILDT,

(VECTOR , ISOTHERM, GRAPHIT)

el

(7974 97 ¥RAKR) (=752 ) (NLP) (GCOM) (3)

I
O

e
W @ -
] COM FILE
O -
L/J COM
PLOT TAPE
IM:LOAD
MODULE
M1 Eva2—-ALEEKER
P N {(MULTO)
~~ \\/’/’ o
PLOT FILE

PLOT FILES
2 EVa-LERE
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()l NLP (BEE54v Y >»%) WARAICL

F1T107CCMX
1
1

JOB (PASSWARD),THA.GRP, MSGLEVEL=-(1,1),
MSGCLASS=1,TIME=1440,NOTIFY=T107C,

ATTR=(T0,L5,WS)

1160 EXEC PGM=NLPVECC]), REGION=2048K,TIME=90

/ISTEPLIB
fIFTOSFOOT
{IFT06FO001
JIFT09F00
H
HIFT25F001
1IFT26F001
HIGDFILE
HIPLOTLOG
PIPLOTPARM
H

(i)
(ii)
(iii )
(iv)
(v)
(vi)

%)

1 1T107CPLT
Iy

I

1160
1/STEPLIB
/IFTOSFO01
1IFTO6FO01
11FT09F001
1FT25F001
JIFT26F001
JIPLOTLOG
1IVECTR1

TIVECTR?

1IPLDTPARM

DISP=5HR,DSN=T107C.COMMIX1A.PLOTTER . NEW, )L OAD (ji)
D1SP=SHR,DSN=T107C.COMMIX1A.DATACISOTHERM) GiD>
SYSOUT=(U, RUR41) ,DCB=C(LRECL=137 ,BLKSIZE=1370,RECFH=FBA)
DISP=SHR,DSN=T107C.COMMIX1A.STORE. DATA. GV

LABEL=C(,,,IN)

DD DUMMY (v

DD DUMMY cvip

DD SYSOUT=(U,KNGWTR)

DR SYSOUT=(U,RUR41),DCB=(LRECL=133,BLKSIZE=3990,RECFM=FEBA)
DD DUMMY

Do
DD
DD
Do

N—FETa—DA ri—F

D—FEZ—NOF -5ty b

ANF—2DF -2ty b4

TRy P T ARNDF—F ey FE (Fo/Z UVECTOR & ISOTHERMD 85 &)
Foy b7 rAn (FERBE) OF— 5+« & (GRAPHIT &)

Ty b7 A (EBF—4) OF -9ty + & ( # )

N3 o7 (BESrvsy) BAOBJIJCL

JOB (xx%),THA.GRP,MSGLEVEL=(1,1),
MSGCLASS=U, TIME=1440,N0YIFY=1107C,
ATTR=(T10,€5,W3) :

EXEC PGM=VVEET i

DSN=T107C.COMMIX1A.PLOTTER.NEW.LOADCii),DISP=SHR
DISP=SHR,DSN=T107C.COMMIX1A.DATACVECTOR) diii>
SYSOUT=(Y,RUR40),DCB=(LRECL=133,BLKSIZE=3990,RECFM=FBA)
DISP=SHR,DSN=1107C.COMMIX1A.RSTRT.DATA dv> ‘
DUMMY ()

DUMMY (v

SYS0UT=(U,RUR40) ,DCB=(LRECL=133 ,RECFM=FBA,BLKSIZE=3990)
DSN=8&VECTR1,UNIT=WORK, SPACE=(TRK, (1,1)),D18P=(,PASS)
DSN=8&VECTRZ,UNIT=WORK, SPACE=(CYL, (1,1)),D18P=(,PASS)
DUMMY

DD
DD
DD
Do
DD
DN
DD
DD
Do
Do

/IPLDT EXEC PGM=VTPLOT,COND=(0,LT,GH)

{/STEPLIB
fIPLOTLOG
fIVECTR1
fIVECTR?2

! ISYSVECTR
H

DD
DD
DD
DD
bD

DSN=5Y839.YTECLLD,DISP=8HR
$YSOUT=¢U,RUR40),DCB=(LRECL=133 ,RECFM=FBA,BLKSIZE=3990)
DSN=&RVECTR1,UNIT=WORK,DISP=(OLD,DELETE)
DSH=&BVECTR2,UNIT=WORK,DISP=(0OLD,DELETE)
SYSOUT=V,DEST=CENTRAL




PNC N952 84-08
(i) o= FEY2=ndF vii—=%,
(ii) a—~FEY2—0OF -4ty &
(i) AAF -4 DF—F 2y b
(iv) 7oy F7 74 2OF %%y +4 (VBCTIR , ISOTHERM ©154&)
(V) 709 b7 740 (FS5EE) OF 2 €y & (GRAPHIT OB A)

(vi) 7oy b7 740 (RBF—4) OF -4 7 7408 (GRAPHIT 0 4)

8 MULTO®®E{THICL

J1T107CCHY JOB (x%x%) , THAL.GRP ;MSGLEVEL=¢1,1),

11 MSGCLASS=U, TIME=1440,NOTIFY=T107C,

11 ATTIR=(10,C2,W3)

/1G0O EXEC PGM=MULTO

}/STEPLIB DD DISP=SHR,DSN=T107C.COMMIX1A.PLOTTER.LOAD
tIFTO5F001 DD = '

I

I®

{IFTO6F00T DD SYSOUT=(U,RUR40),DCBCLRECL=133,BLKSIZE=3990,RECFH=FBAY
/4FT25F001 DD DISP=SHR,DSN=T107C.COMMIX1A.PLOT1.DATA
I{FT25F002 DD DISP=SIIR,DSN=TJ107C.COMMIX1A.PLOT2.DATAY
/{F125F003 DD DISP=SHR,DSN=T107C.COMMIX1A.PLOT3.DATA J CID
J1FT25F004 DD DISP=SHR,DSN=T107C.COMMIX1A.PLOT4.DATA
11FY25F005 DD DISP=SHR,DSN=T107C.COMMIXIA.PLOTS.DATA
f1FT25F006 DD DISP=SIR,DSN=T107C.COMMIX1A.PLOT6,DATA
f1FT25F007 DD DISP=SHR,DSN=T107C.COMMIX1A.PLOT7.DATA
/1F125F008 DD DISP=SMNR,DSN=T107C. conny{lﬁ“PLora .DATA
1171257009 DD DISP=SHR,DSN=TT107C.CONMIX1A.PLOTS. DATA
/IFT26F001 DD DISP=SNR,DSN=T107C. COMMIX1A.PLOT.DATA (i

1

(1) DT e v b7 94008, FORMAT (8X,12 )
(i) TOTo v P 72754 0DF —F 2y &

(i) fEE e ~NET Oy b7 s A NDF—F o b5

@ HEMBBR ol 5L —FEY2—OF —F o bRELVIN—F

F—4% %yt | DSN=TI0TC. COMMIX1A. PLOTTER. NEW. LOAD @ # ¥ r¥—%
i

WA 5k B WE~s bvE) SERRE | WRMNEBESZT | JCL
HAZES 4 > NLPVEC NLPISD NLPGRAI 4.2 ()

7Y s (NLP ) ZR
WN—=YF w7 VVECT VISG VGRAPH1 4.2 2

&R

¥y # + © VECTOR ISOTHERM GRAPH1
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81 COMMIX— 1A CODE DESCRIPTION @ik

1
1
Kok K K K K K K R B OE O OR K OE K K K B R H OB E 2 X K K B X N K K K ¥ %
ROk K K R R R R R K Kk kK Kk % % K F R k K K K % K K R X K ¥ ok % K A X
BoK K K K K K K B K K X R K B K K K B R K R K R S R E E R K E K K O ®
K OB R K X O ¥ K X N OB OE K X K K H|¥ K X K K K K X K X K K K K K K & X
oW H ko I ¥ % K F K
£ xR * % 2 %
% % % COMMIK-14 *ow %
¥ X % %
E * %
* & A THREE-DIMENSIONAL TRANSLENT SINGLE-PHASE ® %
* % COMPUTER PROGRAM FOR THERMAL HYDRAULIC ANALYSLS % X
* * OF SINGLE AMD MULTICOMPORENT SYSTEMS L
EE * %
® Ok * %
® % % %
* ok DEVELOPED 1IN THE * %
® % % %
L ANALYTICAL THERMAL HYDRAULIC RESEARCH PROGRAM * ok
* % COMPONENTS TECHNOLOGY DIVISION E
* % ARGONNE NATIOWAL LABORATORY * %
L3 *® R
¥ # ® %
® % UMDER SPONSORSHIP OF THE *
x & % o
* % UNITED STATES NUCLEAR REGULATORY COMMISSION * %
£ OFFICE OF NUCLEAR REGULATORY RESEARCH * %
® ® % %
X % E
® % . ® %
® W CONTACT PHORE ® %
® & * %
x o H. M. DOMARUS 312-972-5931 * %
N W. T. SHA 312-972-5910 ® %
® R. C. SCHMITT 312-972-5914 x x
-~ V. L. SHAH 312-972-8049 ® %
B ® %
® K AT ® %
LS %
oW BULLDING 308 ® X
* & ARGONNE NATLIONAL LABORATORY % %
L 9700 SOUTH CASS AVENUE ® X
® % ARGONNE, ILLINDIS 60439 % %
® o %
#* ‘ ¥ ¥
* K VERSIDN 12.0 DECEHBER 2, 1982 L
* % kK
x ® oK
LI ® kK %
* R K ¥ R "
ROk E K K F ® K K B B R K K K &k %k ok k ok % £k oK K Ok X R A K X
R I IE B I B N I A% K OE OB OB K X R OB R B N ¥ R
1
2
BoR Ok R B K K & K K ¥ B %K K oK W o® X XK EEEEEEEEEE:
EREEE S I B I I I A A I I T S B N
*o® X n
[ COMMIX-1A IRPUT DESCRIPTIDN *
% & &
*ox DECEMBER 6, 1982 L
® % * %
L FOR ADDITIONAL INFORMATION SEE THE FOLLOWING REPORT: * *
* oW ¥ %
L NUREG/CR-2896 ®
Ok ANL-82-25 * ®
* o E
oA K % R R B K MM K B X & X K ok X B R OM K K K K K K E % K XK X X
EE R T I S 2 A I I I B N R A

'BY MAKING SOMETHING ABSOLUTELY CLEAR,

— 75—



PNC N952 84—08

Y0U WiLlL CONFUSE SOMEBODY.’
MURPHY

USERS OF VERSION 3.0 WILL NEED TO BE VERY CAREFUL WHEN
CONVERTLNG OLD INPUT DECKS TO RUN ON VERSIODN 12.0. SOME
INPUT SECTIONS ARE COMPLETELY DIFFERENT AND THUS WILL NEED
TG BE REWRITTEN WHILE OFHER SECTIONS ARE ONLY SLIGHTLY
MODIFIED. THESF SLIGHT MODIFICATIORS HOWEVER CAN BE
DISASTEROUS IF NOT OBSERVED. ALL USERS, BOTH NEW AND
EXPERIENCED, WOYLD 8E WELL ADVISED TO FOLLOW THIS DOCUMENT
CAREFULLY WHEN SETTIRG YP THEIR FIRST FEW SIMULATIONS.

.7 ADDITION, USERS ARE ENCOURAGED TO CHECK THE SUMMARIES
PRZXTED OUT HEAR THE BEGINWING OF EACH RUN WHENEVER INPUTY
VALUES HAVE CHANGED.

SENCE THE DEVELOPMENT OF COMMIX-1A IS AN ONGOING PROJECT.

WE WOULD LIKE TO ENCOURAGE USER FEEDBACK. IF YDOU FIHD OBVIOUS
CODING ERRORS OR MODELING WEAKNESSES OR IF YDU HAVE REQUESTS
DR SUGGESTIDNS FOR FEATURES THAT YOU FEEL WIGHT BELP OTHER
USERS, PLEASE COMMUNICATE THEM TO US. WE WILL INCLUDE THOSE
WHICH WE FEEL ARE APPROPRIATE IM THE CORRECTION SETS THAT WE
WILL SEND OUT PERIODICALLY TO USERS WHO WISH TO MAINTALN THE
THE LATEST VERSION Of THE CODE.

rmmmmmmmm oo +
| TABLE OF CONTENTS !
fomm e a +
PAGE
PREFACE . . . -
PREFACE T0 VERSION 12.0 & + v v v v o 0w o o o 2
TABLE OF CONMTEMTS . . . & 4 & v v v s v o o« . 3
GEMERAL COMMENTS . . » - « v« « v s v« 2 o o B
SOME TERMINGBLOGY . = = = o v o o s « o v a v s 5
GENERAL INPUT STRUCTURE . « « « o v v 0 v v o . 6
PROBLEM DESCRIPTION CARDS + « v v v v v v v v s o o o T
NAMELIST /GEOM/ . . . S -
REBALANCING OPTION .+ o v v v w v v v o o o o o 10
RESTART OPTION . . . « « « « s s v v o« o oo 10
FOR IGEOM=0 OR IGEOM=-1 . . « o o & & 4 + « = « 12
FOR 1GEOM>0 . . . P K
BOUNDARY SURFACE EDENTIFICATION CARDS . . . . + & . . 14
HAMELIST /DATAS . . . . B T
DEBUGGLNG PARAHETERS . . . . R ¥
TINE AND TIME STEP RELATED PARAMETERS . . . . . 18
ITERATION CONTROL PARAMETERS . . o o o - - - 10
BOUMDARY COMDITION TYPES . . . . « « « . » . . 20
BOUKDARY AND CELL ENITIALIZATION . . . . . . . 21
WALL MODEL . . e e 2
ELEID-STRUCTURE HEAT TRANSFER . . » o « . . . . 22
MATERIAL PROPERTIES (50LIDS) . « « « o = « . . 23
REBALANCING OPTION o + o 4 o v o o o o v = « - 24
SIMPLIFLED PROPERTIES OPTION . . . . . . . « . 26
TRANSIENT FUCTIONS . .« + « v o v« v v v o o 27
PLOT TAPE OPTION . « « - v o v w v x v o 0 o o 20
PRINTING OPTION + o « o o« o = = & & o o = = - - 28
FORCE STRUCTURES + v w 4 v o = « = « = = « « « 31
TURBULENCE MODEL . . - &
CELL INTEGRATED WIRE WRAP FORCE . . . . . . . . 34
FUEL ASSEMBLY DRAG MODEL . . . + « 4 « « » . . 34
MAMELIST fINPUTRJ o o o v v v v o o o s o v = o = o s 35
REDALANCING REGION CARDS . . . P
FORCE STRUCTURE SPECIFICATION CARDS . . . . . . . . . 38
MAMELLIST /STRUCTI . . . . P £
THERHAL STRUCTURE PROTOTYPE CARDS . . « « « - « o o . 40
TYPE  NAMELIST T/ o v v v v 0 s 4 0 o 0 v o« 40
FLUIB  NAMELIST JF/ o v v v o v v o o s o 41
MATERIAL  NAMELIST JM/ o o o v w v w v v v o o 41
THERMAL STRUCTURE LOCATION CARDS . . « « . . . . . . 42
BOUNDARY VALUE INITIALIZATION CARDS . . « 4 « « » . » 43
INTERNAL CELL INITIALIZATION CARDS . + .+ « « « « « . 44
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BEHIND THE SCENES . . . AN APPENDIX . . . , . . . . 4&
CONTROL PARAMETERS AT A GLANCE . . . . . « . . . . . &b
EXPLICIT TIME ADVANEEMENT . . . . . . . . . . . 47
IMPLICIT TIME ADVANCEMENT . . . . . . . . . . . 48
STEADY-STATE DEFIMITION . . . . &« 4 4 & v u v . . . 49
ERROR MESSAGES . . . . v 4 v v v w « e v v a v v v 450
STORAGE ALLOCATION . . + . & « « & 2 4 4 v v v v o« . 55
CALLING SEQUENCE .+ .+ & 4 & & & v« v 4 v v v u v . .57
OVERLAY STRUCTURE . . . & v « v 4 4 + 4 o o v + o . . 58
BOTYOM LIMES &« & v v v & b 4 v v v v e v e v a w w59
REBALANCING REVISITED . . . . . = v & « v 4 v v« . . B0
OUTPUT BESCRIPTION & & v o v v v v v w v v w w a . B3
MACHINE DEPENDENT ROUTINES . . . & & o « « 4 . . . . B4
FINDING HOLES IN THE BOUNDARY . . . . . . . . . . . . 65
1
5
B +
| GENERAL COMMENTS |
LR e +
THE UNITS WSED IN COMMIX-1A ARE METER, KILOGRAM, SECOND, AND
DEGREES CELSIUS. THESE AND OTHER DERIVED UNITS ARE INDICATED
AFTER THE OESCRIPTIOR OF VARIABLES REQUIRING THEM.
DEFAULT VALUES ARE IMDICATED EITHER BY AN ASTERISK OR A VALUE
IN PARENTHESES AFTER THE VARIABLE DESCRIPTIODN.
ARRAYS ARE ENDICATED BY THE USE OF A SUBSCRIPT FOLLOWING THE
VARIABLE NAME. THE RARGES OF THE SUBSCRIPTS ARE INDICATED
IN THE FOLLOWING TABLE. AN ASTERISK IN THE ’CURRENT LINIT”
COLUHN INDICATES THAT STORAGE IS ALLOCATED AT EXECUTION TIME
ACCORDING TO THE VALUE IN THE ‘RANGE’ COLUMN.
INDEX RANGE CURRENT LIMIT
I IHAX 99
IND IMAK®JHAX  IND=I%(J-f)=IMAX 100
J JHAX 99
K KMAX 99
n NSURF 99
NH RHEATC 10
A HMATER 5
NP 50
NR NRERBRT 50
NE NFORCE *
Ne HCORR 20
LR +
1 SOHME TERMINDLOGY |
LR +
THE COMPUTATIONAL AREA IS PARTITIONED INTO A NUMBER OF
COHPUTATIONAL CELLS, EACH BOUNDED BY CONSECUTIVE X, ¥, AND Z
DIRECTION GRID PLANES. SURFACES (PORTIONS OF A PLANE OR
CYLINDER) MAY BE DEFINED BOTH ON THE EXTERIOR, BOUMDING THE
COMPUTATIONAL AREA, AND IN THE INTERIOR. THE INTERSECTION OF A
SURFACE AND COWSECUTEIVE GRID PLANES GUTLINES A SURFACE ELEHENT.
SURFACES WHICH COINCIDE WLTH A GRID PLANE ARE CALLED REGULAR
SURFACES, OTHERWLSE, THEY ARE CALLED IRREGULAR SURFACES. A
REGULAR CELL 1S ONE WETH ALL FACES COINCIDING WITH GRID PLANES.
IRREGULAR CELLS HAVE ONE IRREGULAR SURFACE CLEMENT.
1
6
R +
! GENERAL INPUT STRUCTURE |
L +

INPUT FOR COMMIX-1A CAN BE DESCRIBED 1R ONE OF TWO WAYS:
1. BOX GEOMETRY: 1GEOM=0 OR IGEOM=-1
2. HEX GEOMETRY: IGEOM>0

THE BOX GEOMETRY OPTIOR ALLOWS THE USER TO DESCRIPE THE
GEOMETRY IN TERMS OF THE CELLS FORMED BY TYHE X, Y, AND Z
GRID PLANES. IN THIS CASE THE INPUT STRUCTURE IS$ AS FOLLOWS:

PROBLEM DESCRIPYLION CARDS (OPTIDNAL)

NAMELIST /GEOM/
BOUNDARY SURFACE IDENTIFICATION CARDS (OPTIOHAL)

e T e
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NAMELIST {DATA{

NAMELIST fIRPUTG/ (OPTIONALY
REBALANCLING REGION CARDS (OPTIDNAL)
FORCE STRUCTURE SPECIFICATION CARDS (OPTIONAL?
NAMELLIST FSTRUCT/ (OPTIONAL)
THERMAL STRUCTURE PROTOTYPE CARDS COPTIONAL)
THERMAL STRUCTURE LOCATION CARDS (OPTIONAL)

BOUNDARY VALUE INITIALIZATION CARDS
INTERNAL CELL INITIALIZATIGN CARDS

THE HEX GEOMETRY OPTION IS USED WHEN ANALYZING HEXAGONAL FUEL
ASSEHBLIES ONLY. SEVERAL CONVENTIONS MUST BE NDTED.
t. AXIAL LEKGTH IS ALONG THE Z-DIRECTION AND ONE HEX FLAT
LIES ON THE X-AXIS.
2. IMAX, JMAX, BX(1), AND DYC(J) ARE AUTOMATICALLY DETERMINED
BY QUARTER PIN AXD FULL PIN PARTITIONING.
3. SURFACES HAVE THE FOLLOWING LOCATIONS:

SURFALCE SURFACE

HUMBER LOCATEON
1 LOWER LEFT BIAGONAL IN X-Y PLANE
2 UPPER LEFT DIAGONAL IN X-Y PLANE
3 LOWER RIGHT DIAGONAL IN X-Y PLARE
4 UPPER RIGHT DIAGONAL IN X-Y PLARE
5 LDWER FLAT ALOXG X-AXES
6 UPPER FLAT
7 EHTRANCE PLANE (Z=0.0)
8 EXIT PLANE

THE INPUT STRUCTURE FOR THIS CASE IS AS FOLLOWS:

PROBLEM DESCRIPTIOM CARDS (OPTIDNALY
NAMELLST /GEOM/

NAMELIST JDATA/

HAMELEST /7INPUTQ/

REBALANCING REGION CARDS (OPTIONALY
FORCE STRULTURE SPECIFICATION CARDS (OPTIDMAL}
NAMELEST /STRUCT/ (OPTIONAL}
THERMAL STRUCTURE PROTOTYPE CARDS {(OPTIDNAL)
THERMAL STRUCTURE LOCATION CARDS (OPTIDNALY

BOUNDARY VALUE INITIALIZATION CARDS
THTERNAL CELL INITIALIZATION CARDS

R O K SR OR BOKER NOR R R R O Ok

# PROBLEM DESCRIPTICN CARDS ¥
FERREREFECERS KRR RREREERRRA R

ANY HUMBER OF CARDS WITH USER COMMERTS CAN PRECEDE NAMELISTS.
HACEB R KRR R R R Rk Rk
% MAMELISF /GEOM/S ®

BERFRHRKFRRRR Rk

HEHHBRBOURBUBERRRRE RO BN R GBR R RRRAR AR RRARRA RGO GRERROIRAR
HURRO RO RR EER AN EAGR RGN G BB R RS RHBEREB AR BUN SRR RURRAEREARNE

HHAHNRUARROEGHE BENEERRNBRRNENE
HEUHERRAGRBAERY IMPORTANT ! UERHARHHERRNURR
HHHEARBAGRADERE HARBBURAGREDERN

HEhRE R R AR BB GRS GR AR R BN BH AR BN RRB RN BR R RARGRYR
HUHEBRRBOREABREARB BB VBRI ER SR ARRRARRAGH R RRAARIRRNBBEROHRRIRAN

LEX A HA#RA
qaran THE FOLLDWING VARIABLES ARE USED TO ALLOCATE SPACE. FHENE
HiRiy IT 15 IMPORTANT THAT THEY ARE SPECIFIED CORRECTLY. Haadh
L L X ] THE YARIABLES PRECEDED BY AN ASTERISK CAN BE Huiha
Huhh APPROXIMATED BY A VALUE LARGER THAN ACTUALLY HEEDED. Haan
LEEE THE MINIMUM VALUES ARE PRINTED AFTER THEY ARE COMPUTED. HR#R¥
HRERY ANY DF THESE VARIABLES THAT REMALH UNCHANGED FOR A LEYEE
LEEEy SUBSEQUENT RESTART RUN NEED NOT BE RESPECIFIED SINCE HidRa
HeEkut THEY ARE READ FROM THE RESTART FILE. duuid
HEEER HERRY
REkad *NH1 #NLA NFORCE IMAX JHAX X
aREHR KMAX IWIRE ITURKE I8YMCH IFITEN HiERRA
Ly *]FREB ISTRUC IGEOM HER Ry
LR Y LY LR

BHERARREARIRR B REUBRN RO ONG RGN BAR R RS Q AR B RR A BRI RH R AR AR TN GE
HEHBGRRE RO AR BB RO AR AR RENOR RSB RRRRA AR GO FR SRR R
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IGEOM

NL1
NH1

ISYMCH

IFITEN

1FREB

0..REGULAR B0X GEOMETRY OPTION. (%)
-1..CYLINDRICAL GEOMETRY OPTION USING BOX GEOMETRY INPUT.
NOTE 1. A SURFACE WUST BE DEDICATED TO R=0.0 WHEN THE
ORIGIN IS PRESENT. SET KFLOW(N)=-3 AND
KTEHP(N>=400 FOR THAT SURFACE.
NOTE 2. FOR FULL 2.0#PI RADIAN GEOMETRIES J=1 AND
J=JUAX ARE AUTOMATECALLY LENKED THUS NO
SURFACES NEED BE DEFINED AT ¥=0.0 AND Y=2.0%PI,
>0..HEX GEOMETRY OPTEON. SET IGEGM TO THE NUMBER OF PENS
1IN THE HEXAGOMAL FUEL ASSEMBLY. THE FOLLOWING VALUES
ARE ACCEPYABLE: 7,19,37,61,91,127,169,217,271.,
TOTAL HUMBER OF SURFACE ELEMENTS. (0D
TOTAL NUMBER OF COMPUTATIONAL CELLS. (O
NOTE. BOTH NL1 AND NM1 CAM BE APPROXIMATED BY VALUES
LARGER THAN ACTUALLY REQGUERED. HOWEVER, IF THIS IS
DONE THEY MUST NGT BE INCLUDED IN NAMELIST /GEOM/
WHEN RESTARTING C(ISTATE>0>. STORAGE WILL BE
ALLOCATED ACCORDING TO THE VALUES SPECIFIED IN THE
INPUT RATHER THAN THE MINIMUM STORAGE NEEDED. THE
HINIHUM VALUES ARE PRIMTED WHEN COMPUTED. IF ONE
DESIRES TO CHANGE NM1 AND/OR NL1, IT MUST BE DONE
ONLY AT - THE START OF A STEADY-STATE RUN (ISTATE=0).

9
GUIDELINES FOR CHOOSING VALUES FOR ISYMCH AND IFITEN:
FOR SLOY TRANSIENTS ANMD CALCULATIONS TO OBTAIN STEADY-STATE
THE IMPLICIT SCHEME 1S RECOMMENDED. THIS IS ACHIEVED BY
SETTING IFITEN=3 AND ISYMCH=3. FO0® FAST TRANSIFENTS
THE EXPLICIT SCHEME 1S RECOMMENDED. IT IS NECESSARY THAT
THE HOMENTUM CALCULATIONAL SCHEME AND THE ENERGY CALCULATIONAL
SCHEME BOTH BE RUN IR THE SAME HMODE. THAT 1§, EITHER BOTH MUST
BE SPECIFIED IMPLICIT OR BOTH MUST BE SPECIFIED EXPLICET.
HOMENTUM CALCULATEOGN FLAG.
-1..H0 MOMCHTUM CALCULATION.
0..EXPLICIT TIME ADVANCEMENT. VELOCITIES ARE EVALUATED
AFTER ALL MASS RESIDUES HAVE BEEN CALCULATED USING
, UNDER-RELAXATION TYPE ITERATION. (%)
1..EXPLICIT TIME ADVANCEMENT. VELOCITIES ARE EVALUATED
IMMEDIATELY WITH MASS RESIDHE USING SUCCESSIVE
OVER-RELAXATION (S50R) TYPE ITERATION.
2..EXPLICIT TIME ADVANCEMENT, VELOCITEES ARE EVALUATED
IMHEDIATELY WITH MASS RESIDUE USING SELECTIVE
SUCCESSIVE OVER-RELAXATION (SSOR) TYPE ITERATION.
3..IMPLICIT TIME ADVANCEMENT USING SUCCESSIVYE OVER-
RELAXATION (SOR) TYPE ITERATION.
4. IMPLICIT TIME ADVANCEMENT USING JACOBI TYPE IYERATION.
EMERGY CALCULATIOH FLAG,
0, EXFLICLIT TEME ADVANCEMEHT. (®)
1..EXPLICIT TIME ADVANCEMENT AND IMPLICIT CONDUCTEON USING
JACOBI TYPC ITERATIODH.
2..EXPLICIT TIME ADVAHCEMENT AHD IMPLLCIT CONDUCTION USING
SUCCESSIVE OVER-RELAXATION (SOR) TYPE ITERATION.
3..IMPLICIT TIME ADVANCEMENT USING SUCCESSIVE DVER-
RELAXATION (SORY TYPE ITERATION.
10
R +
| REBALANCIHG OPTION
R +

0..40 USER-SPECIFIED-REGION REBALANCING. (%)
>0..REBALANCENG IS PERFORMED OVER USER DEFINED REBALANCING
REGIORS AND REBALANCING SURFACES. THE VALUE OF IFREB
18 USED TO ALLOCATE STORAGE FO& POLNTERS AND MUST BE
AT LEAST AS LARGE AS THE VOGTAL NUMBER OF CELLS IN THE
- REBALANCING REGIONS PLUS THE TOTAL HUMBER OF CELLS #SED
TO SPECIFY REBALANCIRG SURFACES. A VALUE DF 2 * NM1
SHOULD BE ABEQUATE SPACE FOR HOST CASES. THE EXACT
VALUE NEEDED WILL BE PRINTED L[N THE REBALANCING
SUMMARY. WHEN IFREB IS GREATER THAN ZERO, BOTH THE
RESALANCING OPTION SECTICGH OF HAMELIST /DATA/ AND THE
REBALANCING REGLON CARDS ARE REQUIRED INPUT,.
NOTE. IN AODITEON TO REBALANCING OVER USER SPECIFIED
REGYONS, PLANE-BY-PLANE REBALANCENG IS AVAILABLE
AND CONTROLLED BY THE VYARIABLES IXREB, IYREB, AND
1ZREB IN THE REBALANCING OPTION SECTION OF NAMELIST
/DATAY.
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IFRES

ITURKE

LHPRNT

NFORCE

1STRUC

ISTBUG

IBSBUG

NEWTS

NEUREB

NEWFOR

| RESTART OPTION 1 THERE ARE TWO WAYS TO FORCE THE CODE
dommmm e + TO WRITE A RESTART FILE. THE FIRST

IS TD ALLOW THE JOB 7O "MAX TIME™.
THIS YS$ DONE BY SPECIFYEING LARGE VALUES FOR NTMAX AN¥D TIMAX.
THE AMOUNT OF TIME REMAINING FOR THE JOB IS CHECLKED AT THE END
OF EACH ITERATION USING THE ARGOMNE SYSTEM ROUTINE TLEFT.
(SEE THE APPENDIX SECTION EHTITLED MACHING DEPENDENT ROUTINES.D
IF THE AMOUNT OF TIME REMAINING IS GREATER THAN TREST, AN IRPUT
PARAMETER IN NAMELIST /DATA{, ANOTHER ITERATION 1S PERFORMED.
IF NOYT, A RESTART FILE IS WRITTEM.

THE SECOND WAY YD DBTAIN A RESTART FILE IS 70 SET NTMAX OR
TiKAX TD A TIME STEP OR TIME WHICH WILL BE REACHED BEFORE THE
CPU JOGB TIME EXPIRES. A RESTART FILE WILL BE WRITTEN AT THIS
TIME STEP DR TIME. AFTER A RESTART FILE IS WRITTEN,
EXECUTION FERMENATES.

WHEN RESTARTING FROM A PREVIOUS RUN MAKE SURE THATY ISTATE I8
SET T® THE APPROPRIATE VALUE. ALSO, 1T IS ADVISABLE TO DELETE
ALL INPUT FCGR VARIABLES THAT ONE DOES NOT EINTEND TO CHANGE.
IN SOME CASES VARIABLES WILL BE RESET BACK TO THEIR INITIAL
VALUES IF THE INPUT SPECIFICATION REMAINS IN THE INPUT STREAM.
IN SHORT, THE MINIMUM INPUT NECESSARY 1S THE CORRECT INPUT
FOR RESTART CASES.
0..NEW CASE WITH NO RESTART WRITTEN., (%)
1..NEW CASE WITH RESTART WRITTEN TO TAPE 10.
2..RESTART OF PREVIOUS RUN READ FROH TAPE 9 WITH
NO RESTART WRITTEHN.
3..RESTART OF PREVIOUS RUN READ FROH TAPE 9 WITH
RESTART WRITTEN TD TAPE 10.

0..0NE-EQUATION TURBULENCE MODEL KOT USED (%).

1..0NE-EQUATION TURBULENCE MODEL WITH A WALL FUNCTION
CORRECTION TO TRE TURBULENT KIRETIC ENERGY FRUATION FOR
CELLS ADJACENT TO SOLID ¥WALLS IS USED.-

..ONE-EQUATION TURBULENCE MODEL WITH A WALL FUNCTION
CORRECTION TO BOTH THE TURBULERT KINETIC ENERGY
EQUATION AND THE MOMENTUM EQUATIONS FOR CELLS ADJACENT
TO SOLID WALLS 1S USED,

0..CELL NUMBER AND SURFACE NUMBER ARRAYS ARE NOT PRINTED.

(%) SPECIFYING LHPRNT=1 OR LMPRNT=2 CAUSES EXCESSIVE
GEOMETRY DEBUGGIHG INFORMATION TO BE PRINTED AND
EXECUTION TO TERMINATE. THIS INFORMATION IS OF LITTLE
USE 70 THE CASUBAL YSER AND IS HOT RECOMMENDED.

1..CELL NUMBE#/ ARRAY 15 PRINTED. USE LMPRHNT=0.

?2..CELL NUMBER AND SURFACE NUMBER ARRAYS ARE PRINTED.

USE LHPRNT=0.
NUMBER OF FORCE STRUCTURES. (0) WHEN NFGRCE > 0, BOTH THE
FORCE STRUCTURES SECTION OF NAMELIST /DATA/ AND THE
FORCE STRUCTURE SPECIFICATION CARDS ARE REQUIRED.
0..NO THERMAL STRUCTURES ARE USED. (%) BO NOT INCLUDE
NAMELIST fSTRUCT/, THERMAL STRUCTURE PROTOTYPE CARDS,
Of THERMAL STRUCTURE LCOCATION CARDS IX THE INPUT.
1..THERHAL STRUCTURES ARE USED. MNAHMELIST {STRUCT/,
THERHMAL STRUCTURE PROTOTYPE E€ARDS, AND THERMAL
STRUETURE LOCATIOM CARDS ARE REQUIRED IN THE INPUT.
0--THE STORAGE LAYOUT TABLE IS HOT PRINTED. (%)
1--THE STORAGE LAYOUT TABLE 18 PRINTED.
0--THE BOUNDARY SURFACE SUMMARY [§ NOT PRINTED. (%)
1--THE BDUNDARY SURFACE SUMMARY IS PRINTED AFTER WHICH
EXECUTION CONTIMNUES. FOR A DESCRIPTION OF THE
BOUNDARY SURFACE SUMMARY SEE THE SECTION ENTITLED
FINDING HOGLES IN THE BOUNDARY IN THE APPENDIX,

2--THE BOUNDARY SURFACE SUMMARY IS PRINTED AFTER WHICH
EXECUTION TERMINATES.

(%23

THE DEFAULTS FOR THE FOLLOWING THREE VALUES 15 1 WHEN
ISTATE=0 -AND O WHEN ISTATE=2. IN OTHER CASES THESE VARIABLES
ARE IGNORED.
0--NO HEW THERMAL STRUCTURE INPUT ES READ.
1--NEW THERMAL STRUCTURE INFORMATION IS READ IF LISTRUC=0
AND ISTATE=0 OR ISTATE=2.
0--ND NEY REBALANCIHG INFORMATION IS READ.
i--NEW REBALANCING IHFORMATION I§ READ 1F I1FREB>0Q AND
ISTATE=0 OR ISTATE=2.
0--NO HEW FORCE STRUCTURE IHFORMATION IS READ.

11




1

1--NEW FGRCE STRUCTURE INFORMATION IS READ 1F MFORCE>Q
AND ISTATE=0 OR ISTATE=2.

12
R i +
| FOR 1GEOH=0 OR IGEOM=-1 THE FOLLOWING VARIABLES |
| MUST BE 1RCLUDED IN NAMELIST /GEOM/ 1
R T T e ——— +
IMAX THE MAX1MUM NUMBER OF CELLS IN THE X-DIRECTION (R). (1)
JHAX THE MAXIMUH NUMBER OF CELLS EN THE Y-DIRECTION (THETA).
(1
KHAX THE HAXIMUM RUMBER OF CELLS IN THE Z-DIRECTION. (1)
HSURF THE NUMBER OF UNIQUE SURFACES ENCLOSING THE CALCULATIONAL
AREA. UNIQUE SURFACES ARE DETERMINED BY A URIQUE
COMBINATION OF THE FOLLOWING THREE CHARACTERISTICS:
1. VELOCITY BOUNDARY CONDITION
2. TEMPERATURE BOUHDARY CONDITLON
3. THE UNET NORMAL VECTOR TD THE SURFACE.
DX (L) THE CALCULATIONAL CELL S1ZES ALONG THE X-AXILS, M.
DY CJ) THE CALCULATIONAL CELL SEZES ALONG THE Y-AXIS, M OR RAD.
BZ (K} THE €ALCULATIONAL CELL SEZES ALONG THE Z-AXIS, M.
THE UNET NORMAL VECTORS REFERRED TO BY THE FOLLOWING THREE
VARIABLES ARE THOSE POINTING 1HTO THE CALCULATIONAL AREA.
XNORML (N> THE X-COHPORENT QF THLE UMIT NORMAL VECTOR TO SURFACE N.
YHORML CH) THE Y-COMPOKENT OF THE #MIT NORMAL VECTOR TO SURFACE M.
IHORML (H) THE Z-COMPONENT QF THE UNIT NOMMAL VECTOR YO SURFACE N.
13
e i T e eI +
I FOR IGEOM>0 THE FOLLOWINHG VARIABLES |
I MUST BE INCLUBED IN NAMELIST /JGEGM/ |
R R +
IPART 0..QUARTER PIN PARTITIONING I8 USED. (%)
1..FULL PIN PARTITIONING 1S USED.
IWIRE 0..NO WIRE WRAP OPTION WSED. %)
1..SHEARED WIRE WRAP OPTION USED. THIS OPTION IS
SUGGESTED FOR LOW REYNOLDS HUMBER CASES, THE TOTAL
WIRE WRAP AREA AND TOTAL WETTED PERIMETER DVER AN
AXEAL CROSS SECTION ARE DISTRIBUTED OVER THE CROSS
SECTION SUCH THAT THERE ARE T#0 MEAN HYDRAULIC
DIAMETERS, ONE FDR CELLS NOT ADJACENT TO A SIDE WALL
AND ONE FOR CELLS ADJACENT TO SI1DE WALLS. THE EFFECT
OF WIRE WRAP IRDYCED FLOW IS IGHCRED.
2..CFLL INTEGRATEN WIRL WRAP FORCE OPTLOR USED.
THIS OPTION REQUIRLS tNPUT FOR CWLREX, CWLREY, AND
CWIREZ [N HAMLLIST /DATA/Z.
KMAX THE HAXEMUM HUMBER OF CELLS 1N FHE Z-DIRECTIOH. (12
CLADOD FULL PIN DIAMETER, M.
bZeK) . IML CALCULATIOMAL CELL S17FS ALOHNG THE Z-AX1S, M.
pLIcHt DISTANCE DETWLEMN PIN CENIERS, M.
WALLLL WALL CLEARANCE OR DISTANCE BETWELMN PIN WALL AND DUCT
WALL, M.
WODIN WIRE WRAP OUTS19E DIAMETER FOR ALL WIRE WRAPS EXCEPT
THOSE NEXT TO YHE DUCT WALL, M.
wonouT WIRE WRAP OUTSIDE DIAMETER OF WIRE WRAPS NEXT TO THE
DUCT wALL, M.
CWIREI SCALE FACTOR FDR WIRE WRAP FORCE MOBEL FOR CELLS NOT
ADJACERT TO SIDE WALL.
CWIRED SCALE TACTOR FOR WIRE WRAP FORCE MODEL FOR CELLS ADJAGCENT
TO SIDE WALLS.
IATO AXTAL (Z) REIGHT WHERE WIRE WRAP IS POSITIONED ALONG
THE POSITIVE X-AXIS RELATIVE TO THE ROD CEMTER, M.
WIREP WIRE WRAP PITCH, M. POSITIVE WIREP INDICATES COUHTER-
CLOCKWISE ROTATION WHEN LOOKING EM THE HEGATIVE Z-
DIRECTION, MNEGATIVE WIREP INDICATES CLOCKWISE ROTATION,
14

EESEENEFES TS S T ACHACICE RO O R R R
# BOUNDARY SURFACE JODEHILFYCATION CARDS # THIS SET OF CARDS MUST
EE RN RE A S N P R R SR AR R N R BE PRESENT DMLY AT THE
START OF STEADY-STATE
RURS C(ISTATE=C) WHEN 1GEDM=0 OR TGEOM=-1. WHEN PRESENT, 1T
MUST BE TERMIHATLD WITH A CARD CONTALNING "END 7 IN COLUMNS 1-4.

TIHE PURPOSE DF THIS SET OF CARDS S TO SPECIFY A SET OF
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NAME

AREA

1B,1E
JB,JE
KB,KE

BOUMNDARY SURFACES WHICH COMPLETELY ENCLOSE THE CALCULATIORAL
REGION AND TO DEFINE ANY OTHER BOUNDARY SURFACES INSIDE THE
CALC™" "TIONAL REGION. THESE INTERIOR BOUNDARY SURFACES MUST
COMPLETELY SURROUND A SURFACE, A CELL, OR A GROUP OF CELLS.

TD COMPLETELY SURROUND A SURFACE ONE MUST SPECIFY TWO BOUNDARY
SURFACES WITH NDRMALS IMN OPPOSITE DIRECTIONS. A SINGLE SIDED
BOUNDARY SURFACE IS NOT ALLOVWED I¥ THE INTERIGR OF THE
CALCULATIONAL REGION., ALSCG BE SURE THAT ALL SURFACES SPECIFIED
BOUND CALCULATIONAL CELLS. EACH BOUNDARY SURFACE IS BEFINED BY
SPECIFYING ONE OR MORE BOUNDARY SURFACE IDENTIFICATION CARDS,
EACH OF WHICH CONTAINS THE FOLLOVIRG VARIABLES IN

FORMAT (A4,F10.3,714):

NAME AREA IB I1E 4B JE KB KE N

REG ..THE SURFACE 15 A REGULAR SURFACE.
REGULAR SURFACES LIE OGN GRID PLANES.
IREG.,.THE SURFACFE IS AN IRREGULAR SURFACE.
IRREGULAR SURFACES DO NOT LIE ON GRID PLANES.
E¥D ..A CARD WITH ‘END’ IN COLUMNS 1-4 MUST TERMIMATE
THE BOUNDARY SURFACE IDENTIFICATION CARDS.
<0.0..VHE AREA OF EACH SURFACE ELEMENT IS SET TO ITS ACTUAL
GEOMETRICAL VALUE, EITHER DX=DY, DYxDI, OR DX*DZ,
WHICHEVER IS APPROPRIATE.
>0.0..THE AREA OF EACH SURFACE ELEMENT IS ASSIGHNED A VALUE
OF AREA.
THESE SIX VARIABLES ARE THE BEGINNING AND ENDING 1-,
J-, AND K-INDICES THAT DEFINE A RECTANGULAR SOLID
COMPOSED OF ONE DR MORE CELLS. THE RECTANGULAR SOLID
THAT DEFINES OR PARTIALLY DEFINES A SURFACE IS THE ONE
ADJACENT TO AND ON THE SIDE POINTED TO BY THE SURFACE
NORMAL. (KEEP IW HIHD THAT THE SURFACE NORMAELS XNORML,
YNORML, AND ZNORML ALWAYS POINT INTO THE CALCULATIONAL
REGLON.> THE INTERSECTION OF EACH CELL AMD THE SURFACE
DEFINES A SURFACE ELEMEHNY.
THE SURFACE NUMBER. ALL SURFACES WITH THE SAME
COMBINATION OF THE FOLLOWING THREE CHARACTERESTICS
CAN BE ASSIGNED THE SAME SURFALE NUMBER:
1. VELOCITY BOUNDARY CONDITIDHN,
2. TEMPERATURE BOUNDARY CONDITION,
3. UNIT NORHMAL VECTOR 70 THE SURFACE.

15

MOTE 1., IT 1S POSSIBLE FDR TWO SURFACE ELEMENTS TO LIE
IN THE SAME SURFACE AND HAVE EITHER THE SAME OR
DIFFERENT SURFACE HUMBERS AS WELL AS FOR TWO
SURFACE ELEMENTS TO LIf IN DIFFERERT SURFACES
AND HAVE THE SAME OR DIFFERENT SURFACE NUHBERS.

NOTE 2. THE ORDER OF THE BOUNDARY SURFACE
IDENTIFICATION CARDS MUST BE AS FOLLOWS:

1. ALL IREG CARDS (IRREGULAR SURFACES) MUST
PRECEDE ALL REG CARDS (REGULAR SURFACES).

2. THE SURFACE NUMBERS, N, OF ALL IREG CARDS
AND REG CARDS MUST BE 1IN THE ORDER OF
INCREASING VALUE.

HNOTE 3, WHEHW USING CYLINDRICAL GEOMETRY (IGEOM=-1),
A SURFACE MUST BE SPECIFIED AT THE ORIGIN
WHER CALCULATIONAL CELLS ARE BOUNDED BY THE
ORIGIN. WHEHN AN AMNULAR REGEO¥ IS BEING
MODELED, A SURFACE SHOULD MNOF BE DEFLINED AT
THE ORIGLIH 8UT RATHER AT THE BOUNRDARY COF FHE
FIRST CCOUNTING FROM THE CENTE®) CALCULATIONAL
CELL. SET KFLOW(H)=-3 AND KTEMP(N)=400 FOR
SURFACES DEFINED AT THE ORIGIN.

NOTE 4. WHEM USING EYLINDRICAL GEOHETRY (IGEOM=-1),
WITH 2.0xPI RADIAN GEOMETRIES, J=1 AND J=JMAX
ARE AUTOMATICALLY LINKED, THUS, NO SURFACES
NEED BE DEFINEBR AT ¥=0.0 AND Y=2,0%PI.

HOTE 5. THE SCHEME 70 IMNDICATE SURFACES IN THE BOUNDARY
SURFACE IDENTIFICATION CARDS IS THE SAME AS
THAT USED TO INDICATE SURFACES 1IN THE BOUNDARY
VALUE INITIALIZATION CARDS. THIS, HOWEVER, IS
DIFFERENT FROM THE SCHEME USED TO IHDICATE
SURFACES IN THE 1HTERMAL CELL IMIFTIALIZATION
CARDS, IN THE FORMER CASE, SURFACE ELEMEHTS
ARE INDICATED BY THE CELL WHICH IS ADJACENT TO
AND ON YHE SIDE POIMTED TO BY THE SURFACE
KRORHAL. 1IN THE LAYTER CASE, CELL (I1,J,K?
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INDICATES THE SURFACE BETWEER CELL (I,J,K)} AND
EETHER CELL (i+1,d,X), CELL (I,J+t,K), OR CELL
(1,4,K+1), WHICHEVER 1S5 APPROPRIATE FOR THE
VARIABLE BEING INITIALIZED. SURFACES LYIXG O
BOUNDARIES MUST NOT BE INITIALIZED USING THE
INTERNAL CELE IMITIALIZATIOM CARDS BUT RATHER
THE BOUMDARY VALUE INITIALIZATION CARDS.

16

BER KRR HOOR AR R R E R

* NAMELIST /DATA/ =
FHEEK KR RRLRRLRAR AR

IB0IL

IDDDP

IDTIME

IFENER

1FPROP

EFROD

ISTATE

0..D0 NOT CHECK FOR BOILING. (%)

1..CHECK FDR BOILING EACH TIMESTEP. IF BOILING OCCURS
EXECUTION TERMINATES.

THIS OPTION ONLY APPLIES WHER RUNNING WITH EXPLICIT

TIHE ADVANCEMENT (IFITEN=0 OR 1 OR 2 AHWD ISYMCH=0 OR

1 OR 2. - IT DEFINES THE ROLE OF DDDP (THE CHANGE 1IN

RESIBUAL MASS WITH RESPECT TO PRESSURE) IN THE MASS-

MOMEXTUM ITERATIOR SOLTLON.

0..DDDP 1S COMPUTED FOR EACH CELL. THE MAXIMUM VALUE
IS THEN USED FOR DDDP FOR EACH CELL. THIS OPTION IS
USEFUL WHEM RUNNING WITH CARTESIAN COORDIRATES WITH
ALL THE CELLS NEARLY GEOMETRICALLY SIMILAR.

1..DD0P IS COMPUTED ONCE AT THE BEGINNING WHEN ISTATE=Q
AND STORED. EACH CALCULATIONAL CELL SUBSEQUENTLY
HAS IT5S OWN VALUE TO BE USED I8 THE MASS-HOMENTUM
ITERATION. (%)

2..DDDP LS COMPUTED FOR EACH CELL EVERY TIME STEP,
THIS 1S USEFUL WHEN LARGE PRESSURE DROPS ARE BEING
IMPGSED THROUWGH TRE USE OF FORCE STRUCTURES.

0..THE TIME STEP SIZE IS TAKEN FROM THE USER SPECIFIER
VARIABLE DT.

1..THE TIME STEP SIZE IS COMPUTED INTERNALLY AS THE
PRODUCT OF THE LARGEST ALLOWABLE TIME LHNCREMENT GEVEN
THE CONDITIONS (COURANT TIME STEP SIZE) AND A USER
SPECIFIED VARIABLE, RDTIME. (%)

0..ND ENERGY CALCULATION.

1..ENERGY CALCULATION IS PERFORMED. (%)

2..ERERGY CALCULATLON 1S PERFORMED WITH POROSITY ADJUSTED
CONDUCTION LENGTH. THIS OPTION IS USUALLY USED WHEMN
ANALYZING HEXAGONAL FUEL ASSEMBLIES C(IGEOM>0).

O0..FLULD PROPERTIES ARE COMPUTED USING RIGODROUS EQUATION-
OF-STATE SUBROUTINES. PACKAGES FOR BOTH SODIUM AND
WATER ARE INCLUDED WITH THE SOURCE. ONLY THE DESIRED
PACKAGE SHOULD BE INCLUDED WHEN CREATING THE LDAD
MODULE SINCE THE SAME FUNCTEON NAMES ARE USED [N BOTH
PACKAGES. OTYHER PROPERTY PACKAGES CAN BE EASILY
INSTALLED BY THE USER, (%)

t..FLUID PROPERTIES ARE COMPHUTED USING FASTER RUKNING
SIMPLIFLED STRAIGHT-LIME APPROXIMATIONS 7O THE SVATE
EQUATIONS. THIS OPTION REGUIRES ADDITIDNAL INPUT
DESCRIBED UNDER THE SIMPLIFIED PROPERTIES OPRTIOH.

D..NO FUEL RODS ARE INCLUDED. (%)

1..FUEL RODS ARE INCLUDED BUT NO DEFAULT INITIALIZATION
18 DONE. KAMELIST /INPUTO/ IS REQUIRED IN INPUT.

2..FUEL RODS ARE YNCLUDED AND A DEFAULT INITIALIZATION
1S DOME. THIS INITYALIZATION SETS PRESSURE,
TEMPERATURE, DENSITY, ENTHALPY, AND THE Z-COMPONENT
OF VELOCLTY FROM A SOLUTION OF THE COUPLED MASS,
MOMENT AND ENERGY EQUATIONS ASSUMING NO TRANSVERSE
VELDEITIES. MNAMELIST /fINPUT@/ 18 REQUIRED IN IRPUT.

. 17
0..START OF STEADY-STATE RUN. GEOMETRY, BOUNDARY
CONDITIONS, AND IRIFIAL CONDITIONS ARE SPECIFIED FROM
-THE INPUT STREAM. OTHER PARAMETERS TAKE DEFAULT VALUES
OR ZERO. (%)
1..CONTINUATION OF A STEADY-STATE RUM. INITIAL CONDITIOHNS
ARE READ FROM THE RESTART TAPE OF A PREVIOUS RUN IH
WHICH STEADY-STATE HAS NOT YET BEEM ACHIEVED. SOME
PARAMETERS MAY BE CHANGED IN THE INPUT STREAM.
2..BEGINNING OF A TRANSLIENT RUN. IMNITIAL CONDITIDNS
ARE READ FROM THE RESTART TAPE DF A PREVIOUS RUN. IT
1S DESIRABLE THAT THIS PREVIOUS RUN HAS ACHLEVED
STEADY-STATE ALTHOUGH NOT NECESSARY. SOME PARAMETERS
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MAY BE CHANGED IN THE IHNPUT STREAM.

3..CONTIMUATION OF A TRANSIEWT RUN. INITIAL CONDITIONS
ARE READ FROM THE RESTART TAPE DF A PREVIOUS BEGIMNING-
OF-TRANSIENT RUN OR CONTIMUATION-OF-TRANSIENT RUN.
LIMITED CHANGES MAY BE MADE 1¥ THE INPUT STREAM.

| DEBUGGING PARAMETERS | SEVERAL DEBUGGING FLAGS EXIST
rooommmmsmmsooooooeeee + IR THE CODE WHICH ARE INTENDED
PRIMARILY FOR USE IN THE

DEVELDPMENTAL STAGES. ONE GEMERALLY NEEDS THE SOURCE LISTING
IN CRDER TO DETERMINE EXACTLY WHAT VALUES ARE PRINTED AND UNDER
WHAT CONDITLONS. THE DEFAULT VALUE OF ALL DEBUGGING FLAGS IS
2ERQ WHICH INDICATES THAT NO DEBUGGING PRINTOUT 1S ACTIVATED.

IDLBUG

1ENBUG DEBYGGING FLAG FOR SUBROUTIHE ENERGY.

IINBUG

IMOBUG

ISABUG

188BUG

ITIBUG 1..DLHAX 18 PRINTED EVERY ITERATLION.

ITKBUG

ITLBUG

IXMBUG

IYMBUG

IZMBUG

THE CONVECTIVE FLUX CALCULATION IS PROGRAMMED IN A FORM THAT
COMBINES BOTH CENTERED AND DONOR-CELL PROPERTIES DEPENDING ON
YALUES OF AO AND BO. BOTH VALUES MUST BE BETWEEN 0.0 AND 0.5.
WHE# A0=0.5 AND B0=0.0, THE DOMOR-CELL APPROACH IS EFFECTED.
WHEX AD=0.0 AND BO=0.0, CENTRAL DIFFERENCING 18 EFFECTED.

AD A CONSTANT USED IN THE CONVECTIVE FLUX CALCULATION. €0.5)
BO A CONSTANT USED IN THE CONVECTIVE FLUX CALCULATION. €0.0)
18

F L i +

| TIME AND TIME STEP RELATED PARAMETERS I

F +
TSTART INITLAL TIME, §. (0.0> THIS VALUE SHOULD BE RESET TO ZEROQ

AT THE BEGINNIRG OF A TRANSIEHT RUN, 1STATE=2.

IDTIME 0..THE TIME STEP SI1ZE 15 TAKEN FROM THE USER SPECIFIED

VARIABLE DT,

1..THE FIME STEP SIZE IS COMPUTED INTERHWALLY AS THE
PRODULT OF THE LARGEST ALLOWABLE TIME INCREMENT GIVEHN
THE CONDITIONS (COURANT TIME STEP. SIZE) AND A USER
SPECIFIED VARIABLE, RODTIHE. (%}

DT (1) TIME SFTEP $I1ZE FOR TIME STEPS 1 THROUGH LASTOT, S. (0.1
THIS VALUE 1§ USED OHLY IF LOTIHE=O.

DT¢2) TIME STEP SI12E FOR TIME STEPS AFTER LASTDT, §. (0.1
THIS VALUE 18 USED ONLY IF 10TIME=O.

LASTDT THIS VARIABLE IN COMBINATION WITH DT ALLOWS THE USER

TO CHAKGE THE TIME STEP SIZE DURING A RUR. THE TIME
STEP SIZE FOR ALL TIME STEPS THROUGH LASTOT IS TAKEN FROM
DTC1). AFTER STEP NUMBER LASTDT, THE YIME STEP SIZE IS
TAKEN FROH DT(2). (9999%) THIS VALUE 1§ USED OHLY IF
IDTIME=0.

RDTIME THE TIME STEP SIZE IS COMPUTED INTERMALLY AS THE PRODUCT
OF THE LARGEST ALLOWABLE FTIME IRCREMENT GIVEN THE
CONDITIONS AND THE VARIABLE, RDTIME. (0.8) THIS VALUE
IS USED OMLY I1F IDTIME=t.

NTHCON UP TO TEH VALUES TO SPECIFY THE TIME STEP HUMBERS TO
CALL SUBROUTINE GDCONY TD CALCULATE CORVERGENWCE CRITERIA
A¥D THE ALLDWABLE TINE STEP S1ZE. THE FOLLOWING ARE
ACCEPTABLE VALUES OF HTHCON:
0..M0 FURTHER CALLS TO GDCONWV.

»>0..TIME STEP NUMBER FOR WHICH GDCONY IS CALLED, AFTER

_ THE ®TH POSITIVE YIME STEP NUMBER 1H NTHCON HAS BEEN

PROCESSER, THE M+1TH VALUE OF NTHLON 18 USED TO
DETERMINE SUBSEQUENT CALLS TO GDCLONV.

<0..A VALUE OF -¥ IMDICATES THAT GODCONV 1S TO BE CALLED
EVERY HNTH TIME STEP. HO SUBSEQUENT VALUES OF HTHCON
ARE CONSIDERED. (-1)

SFE NTPRNT AND HNTPLOT FOR EXAMPLES.

HTHAX THE MAXIMUM TIME STEP NUMBER FOR THIS RUN. NORMAL
TERMINATION OCCURS AFTER COMPLETIOM OF THIS TIME STEP.
(99999)
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TIMAX THE MAXIMUM TIME OF THIS RUN., NORMAL TERMINATIOR OCCURS
AFTER THMIS ‘TIME HAS BEEN REACHED, S. (3.6E+7) TIMAX
REFERS TO THE SINULATION OR PROBLEM TIME AND NOT THE
EOHPUTER CPU TIME HEEDED TO RUN THE PROBLEM.

TREST THE AMOUMT OF TIME REMAINING FOR THE JOB IS CHECKED
AT THE END OF EACH ITERATION. IF THE AMOUNT OF TIME
REMAINING IS GREATER THAN TREST ANOTHER ITERATION IS
PERFORMED. IF NOT, THE RESTART FILE IS WRITTEN.
WHEN RUNNING LONG JOBS OR JOBS REQUIRING SEVERAL SECONDS
PER ITERATION, ONE MIGHY WISH TO CHOOSE A LARGER MORE
CONSERVATIVE VALUE OF TREST, §. (20.0)
TH1S IMPLEMENTATION DEPENDS ON THE ARGONNE SYSTEM ROUTINE
TLEFT WHICH RETURNS THE TIME LEFT UNTIL THE TOTAL JOB
TIME AS SPECIFIED DN THE JOB CARD HAS ELAPSED.

19

| ITERATION CONTROL PARAMETERS | THE GENERAL DEFINITIONS
il + AND DEFAULT VALUES OF

CONTROL PARAMETERS ARE
GIVEN IN THIS SECTION, FOR A DIAGRAM SHOWING THE LCOP TO WHICH
EACH VARIABLE RELATES, SEE THE CONTROL PARAMETERS AT A GLANEE
SECTION IN THE APPENDIX.

IT(1) NUMBER OF ITERATIONS FOR YIME STEPS 1 THROUGH LASTIT. (10)
1T¢2) NUMBER OF ITERATIONS FOR TIME STEPS AFTER LASTIT. (1Q)
LASTET THIS VARIABLE IN COMBINATION WITH IT ALLOWS THE USER
TO CHANGE THE NUMBER OF ITERATIONS PER TIME STEP DURING
A RUN. THE NUMSER OF ITERATIONS FOR ALL TIME STEPS
THROUGH LASTIT 1S TAKEN FRDM 1T¢1)., AFTER STEP NUMBER
LASTIT, THE NUMBER Of LTERATIONS IS TAKEN FROM IT(2).
{99999)
ITHAXP HUMBER OF ETERATIONS IN THE PRESSURE ITERATION LOOP., (99)
ITHAXE HUMBER OF ITERATIONS IM THE ENERGY ITERATLION LOOP. (99
OMEGAVY UNDER-RELAXATION FACTOR FOR THE MOMENTUM EQUATION
COEFFICEENTS. (0.8)
OMEGAE URDER-RELAXATION FACTOR FOR THE ENERGY EQUATION
COEFFICIENTS. (0.8)
DMEGA RELAXATION FACTOR FOR PRESSURE SOLUTION. (1.5)
RELAXE RELAXATION FACTOR FOR ENERGY SOLUTION. (€0.95)
EPS1 CONVERGENCE CRITERION PARAMETER. (1.0E-4)
EPS3 CONVERGENCE CRITERION #ARAMETER. (5.0E-5)
EPSS CONVERGENCE CRITERICN PARAMETER. (1.0E-5)
DLCUT MULTIPLIER OF 0.5#DEONY USED TO ELIMINATE CELLS FROM
THE MASS-MOMENTUM ETERATION. (0.5 USED ONLY WHEN
ISYMCH=2,
DD DHMX TH1§ PARAMETER DETERMIMNES THE VALUE OF DDDH (CHANGE
IN BHDY WI¥H RESPECT TO ENTHALPY WHERE DHDT IS THE
CHANGE IN ENTHALPY WITH RESPECT TO TIME) USED I¥ THE
EXPLICIT TIME ADVANCEMENT IMPLICIT CONDUCTION
CALCULATION. IFITEM=0 IS CURRENTLY RECOMMEWDED.
0.0..DSE CELL VALUES OF DDDH. (%)
<0.0..USE MAXIMUM CELL VALUE OF DODDH.
»0.0..USE DDDHMX FOR THE VALUE OF DDDH.

20

| BOUNDARY CONDITIOH® TYPES 1 ALL EXTERHAL SURFACES HUST HAVE
oo m oo e + A VELDCITY BOURDARY CONDITION
TYPE AND A TEMPERATURE)HEATY
FLUX BOUNDARY CORDETION TYPE. INTERHAL SURFACES MAY ALSO BE
ASSIGNED BDUMDARY COKDITION TYPES.
KFLOWCHD TYPE OF VELOCITY BOUNDARY CONDIVION. (THE DEFAULT FOR ALL
NSURF SURFACES 18 1)
-5..CONFINUATIVE MASS FLOW OUTLET.
-4, UNIFORM VELOCITY OUTLET.
-3..FREE SLIP BOUNDARY.
-2..CONTINUATIVE VELOCITY OUTLET.
-1..CONTIHUATIVE MOMENTUM QUFLET.
1..CONSTANT VELDEITY BOUNDARY WITH NORMAL VELOCITY SET
FROM VELOCCHY OR EXPLICITLY SPECIFIED BY THE BOUNDARY
VALUE INITIALIZATION CARDS. THE TANGENTIAL COMPONENT
IS IN EFFECT ZEROD. (%)
100+NF. . UNIFORM TRANSIENT VELOCITY BOUNDARY WITH HORMAL
VELGCEITY SET FROM THE PRODUCT GF THE NFTH TRANSIENT
FUNCTION AMD VELOC(H),
KTEMP (N TYPE OF TEMPERATUREIHEAT FLUX BOUMDARY CORDEITIAON,
(THE DEFAULT FOR ALL NSURF SURFACES IS5 1)
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1..8PECIFIED CONSTANT TEHPERATURE BOUNDARY WITH

TEMPERATURE SET FROM TEMP(N)> OR THE BOUNDARY VALUE

INITIAELIZATION CARDS. (%) THE SURFACE HEAT FLUX IS

NOMINAELY COMPUTED COMSIDERING THE FLUID CONDUCTION

BUT NOT THE PRESENCE OF A WALL. IF ONE WISHES TO

ACCOUNT FOR BOTH THE FLUID CONVECTION AND A UWALL

CONDUCTION, THE FOLLOWING FOUR WARIABLES FROM THE

WALL MODEL SECTION BELOW MUST BE SPECIFIED:

THTWALCNY, HYDWALCH), WALLDX(N), AHD MATWAL (M),
100+NF. . UNIFORM TRANSEENT TEMPERATURE BOUNDARY WITH TEMPERATURE

SET FROM THE PRODUCT DF THE NFTH TRANSIENT FUNCTION AND

TEMP(N). THE SURFACE HEAT FLUX IS COMPUTED #ITH THE

OPTIONS AS SPECIFIED ABOVE FOR KTEHP(N) =1,

200 ..SPECIFIED CONSTANT HEAT FLUX BOUNDARY WITH NORMAL HEAT
FLUX SET FROM TEMP(N) DR THE BOUNDARY VALUE
INLTIALIZATION CARDS. .

300+NF..UNIFORM TRANSLENT HEAT FLUX BOUNDARY WITH NORHAL HEAT
FLUX SET FROM THE PRODUCT DOF THE NFTH TRANSIENT
FUNCTIOR AND TEMPCN),

400 . ADLABATIC OR ZERG DIFFUSIVE HEAT FLUX BOUNDARY.

SO00+NF..TRANSIEHT DUCT WALL VEMPERATURE BOUMDARY. THIS
BOUNDARY CUNDITION TYPE ACCOUNTS FOR FLUID CONVECTION,
THERMAL CAPACITY OF THE WALL, AND THE HEAT TRANSFER
TO THE SURROUNDIRG ATMDSPHERE OR MEDIUM. THE VARIABLES
IN THE WALL MODEL SECTION BELOGY MUST BE SPECIFIED.

KPRES{N) TYPE DF PRESSURE BOUNDARY CONDITIO#. PRESSURE BODUNDARY
CONDLTIONS ARE APPLIED TO THE CELLS ADJACENT AND INTERIOR
TO THE BOUNDARY SURFACE SPECIFIED. (THE DEFAULT FOR ALL
NSURF SURFACES IS ) :
.-NO PRESSURE BOUNDARY CONDITEON IS APPLIED. (%)
1..UNIFORH CONSTANY PRESSURE BOUNDARY WITH PRESSURE SET
FROM PRESC(N). :
100+HF. . UNRIFORY TRANSIENT PRESSURE BOUHDARY WITH PRESSURE SET
FROM THE PRODUCT OF THE NFTH TRANSIEHT FUNCTION AHD
PRESCN) . :

21

| BOUNDARY AND CELL IRITIALIZATION 1 THE FOLLOWING THREE
L ittt + VARIABLES ALLOW EASY
SPECIFICATION OF
UNIFORM VELOCITY, TEMPERATUREIHEAT FLUX, AHD PRESSURE VALUES AT
BOUNDARIES. NOMUNIFORM DISTRIBUTIONS CAN BE SPECIFIED BY USING
THE BOUNDARY VALUE INITIALIZATLON CARDS.
VELOCCH? INITIAL VELDCETY AT SURFACE N N THE DIRECTION INDICATED
8Y XNORML(N), YRORML{N}, AND ZNDRML{MNY, M/S. (0.9}
TEMP (R INETIAL TEMPERATURE FOR SURFACE N, L. (0.0
FOR A CONSTANT OR TRANSIENT HEAT FLUX BOUNDARY, TEMP (N}
CONTAINS THE HEAT FLUX, W/H%x2, (0.0}

PRES () INITIAL PRESSURE FOR SURFACE N, PA. (0.0}
TEMPO INITIAL TEMPERATURE OF ALL INTERNAL CELLS, €. (0.0)
PRESO INITIAL PRESSURE AT THE PRESSURE REFERENCE POINT LOCATED

AT (XPRESO,YPRESO,ZPRES0), PA. (1.01353E+5)
THE INITAL STATIC HEAD PRESSURE AT ANY POINT IS COMPUTED
WITH RESPECT TO THE PRESSURE REFERENCE POINT.

XPRESC X-CODRDINATE OF THE PRESSURE REFERENCE POINT, M. (0.0)

YPRESG Y-COORDINATE OF THE PRESSURE REFERENCE POINT, M. (0.0) .

IPRESCO Z-COORDINATE OF THE PRESSURE REFERENCE POINT, M. (0.0)

GRAVX X-COMPOMNENT OF GRAVITY VECTOR, M/S#xx2. (0.0)

GRAVY Y-COMPDNENT OF GRAVITY YECTOR, M/Sxx2, (0.0)

GRAYZ 2-COMPOMENT OF GRAVETY VECTOR, M/sS#x2, (0.0) .
R +
I GWALL MODEL | THE VYARIABLES IN THIS SECTION ARE USED
L + WHEN SPECIFYING TEMPERATURE BOURDARY

CONDITION TYPE 1, 100+NF, OR 500+NF.

WALLBX (H) WALL THICKNESS, M. (1.0)
MATWAL (N) MATERLAL TYPE FOR SURFACE M. THE VALUE OF THIS VARIABLE
18 USED AS THE IRDEX NM IN THE HMATERIAL PROPERTIES
(SOLIDS) SECTION BELOW. (1D
THTWAL (KD REAT-TRANSFER CORRELATION HUWBER FDR THE CALCULATION
OF HEAT-TRAHSFER BETWEEN COOLANT AND WALL. THE VALUE OF
THIS VARIABLE IS USED AS THE INDEX NH IN THE FLUID-
STRUCTURE HEAT TRANSFER SECTION BELOW. (0}
HOTE. LF THE DEFAULT VALUE IS TAKEN, THEN THE COOLANT
TO WALL HEAT-TRAHNSFER COEFFICIENT, IF USED, IS
EVALUATED SIMPLY AS THE FLUID CONDUCTIVITY
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DIVIBED BY THE FLUID CONDUCTION LENGTH.
HYDWAL (N) HYDRAULIC DIAMETER OR CHARACTERISYIC LENGTH ASSOCIATED
WITH SURFACE N. (O

THE TRANSIEMT VOLUMETRIC HEAT SOURCE IS GIVEN BY THE
PRODUCTY THE FOLLOWING THREE VARIABLES AND THE TRANSIENT
FUNCTION NF.

VALLQS (N AVERAGE WALL VOLUMETRIC HEAT SOURCE, #/M%%3. (0.0)

QK (K} HORMALIZED AXIAL DISTRIBUTION. ¢1.0)

QLJ(1Jd) NORMALTZED RADIAL DISTRIBUTION. ¢(1.0)

TSENKCN) TEMPERATURE OF SURROUNDING ATHOSPHERE OR MEDIUM,
C. (0.0}

HSIHK (N HEAT-TRANSFER COEFFICIENT FROM WALL TO SURROUNDEING
ATMOSPHERE OR MEDIUM, W/ (M#x2-C)>. (0.0)

DTWALL TIME STEP SI1ZE USED FOR WITH TEMPERATURE BOUNDARY
CORDITION TYPE SQO+NHF. THIS TIME STEP S1ZE I8 USED
ONLY UNTIL STEADY-STATE IS REACHED. 3, (1.0E+40)

22

I FLUID-STRUCTURE HEAT TRANSFER ¢ HEAT TRANSFER CORRELATIONS
il + ARE DEFINED BY SPECIFYING
COEFFICIENTS TO COMPUTE
THE NUSSFLT HUMBER. THESE COEFFLEIENTS AND THUS THE HEAT
TRANSFER CORRELATIONS ARE IHDEXED BY THE VALUES OF INTWAL IN THE
WAtL MODEL AND IHTSTR 1M THE THERMAL STRUCTURE PROTOTYPE CARDS.
THE MHUSSELT HUMBER (N#) I8 COMPUTE® FROM THE FOLLOWING EQUATION:

HU=HEATC1 (HH) +HEATE2 (HH) *REx*HEATC3 (HH)
WHERE RE 15 THE REVHOLDS NUMBER.
NHEATC MUMBER OF HEAT TRANSFER CORRELATIONS. ¢1) THIS VALUE
HUST BE AT LEAST AS LARGE AS THE LARGEST VALUE OF IHTSTR
AND IHTWAL.
HEATC1(NH) NUSSELT HUMBER COEFFICIENT. SINCE THE NUSSELT NUMBER,
NU, MUST ALYAYS BE POSITIVE, HEATC1(MH> $HOULD BE
POSETIVE TOD ACCOMODATE A ZERO FLOW SITUATION. (5.0)
HEATC2(NH) NUSSELT MUMBER COEFFICIEWT, (4.02£-4)
HEATC3 (MH) NUSSELT NUMBER COEFFLICLENT. (0.8)

THE NUSSELT NUMBER IS USED TO SPECIFY THE HEAT TRAMSFER
COFFICEENT (H) IN THE FOLLOWING EQUATION:

H= (KDY #HU

WHERE K 1S CONDUCTIVETY AND

D 15 THE REFERENCE LENGTH.
H I§ IN TURN USED TO COMPUTE THE FLUID-STRUCTURE HEAT TRANSFER
(@) AS FOLLOWS:

Q=AxHx(TS-TF)

WHERE A 1S THE AREA,

TS IS THE TEMPERATURE OF THE STRUCTURE, AND
TF IS THE TEMPERATURE OF THE FLHID.

23

| HATERIAL PROPERTIES (SOLIDS) |~ THE FOLLOWING EQUATEIORS
R iR LT R R + ARE USED TO DEFINE THE

_ THERMAL CONDUCTLIVITY,
SPECIFIC HEAT, AND DENSITY OF MATERIALS OTHER THAN THE CODLANT.

CONDUCTIVITY =COK (NMY+C1K (MMI®TCH+C2K (NMI®TCx%x2 W/ (M-L)
SPECIFIC HEAT=COCP(HM)Y+CICP(NMIRTCHC2CP(NMI®T a2  JI{KG-C)
OENSITY =COROCHM) +C1ROCHMY®TC+C2ROCNMI =T %2  KG/H¥%3

WHERE TC §5 THE TEHPERATURE 14 DEGREES CELSIUS AND
HM 1S THE NUMBER OF THE MATERIAL REGIOM,

THE COEFFICIENTS L1STED BELOW ARE INDEXED BY VALUES OF
HATWAL FROM THE WALL MODEL SECTION OF MNAMELIST /DATA/ AND MATERL
FROM FROM THE THERMAL STRUCTURE PROTOTYPE CARDS.

HHATER NUMBER OF MATERIALS. (0) THIS VALUE MUST BE AT LEAST AS
LARGE AS THE LARGESY VALUE OF MATWAL AND HMATERL.

COK{NH) CONDUCTIVITY EOEFFICIENT. (0.0

CIK(NH) CONDUCTIVITY COEFFICIENT. (0.0}

C2K (NH2 CONDUCLTIVITY ECEFFICIENT. (0.0)

COCP{NM) SPECIFIC HEAT COEFFICIENT, (0.0)
C1CP{NH) SPECIFIC HEAT COEFFICIENT. (0.0)
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C2CP(NH) SPECIFIC HEAT COEFFICIENT. (0.0

CORO(HM) DENSITY COEFFICIEHT. (0.0
C1ROCNH) DENSITY COEFFICIERT. (0.0)
C2RO(NH) DENSETY COEFFICLENT. (0.0)

24

LARGE SCALE PRESSURE DISTRIBUTIONS SUCH AS YHOSE WHICH EXIST
IN AN IMITIAL STATLC STATE DR WHICH OCCUR DURING OVERALL
VELOCITY TRAHSIENTS ARE MOST EFFECTIVELY ADDRESSED WITH THE
MASS REBALANCING SCHEME. THIS REBALANCING 1§ EFFECTIVE IN
REDUCING THE NUMBER OF ITERATIONS REGUIRED YO ACHIEVE MASS
CONVERGEMCE. REBALANCING HAS BEEN IMPLEMENTED 1IN TWO DIFFERENT
MODES WHICH CAN BE APPLIED SEPARATELY OR LN COMBINATION.
PLANE-BY-PLANE REBALANCLING IN THE ¥-, Y-, OR Z-DIRECTIOM
CAN BE APPLIED SIMPLY BY SPECIFYING THE APPROPRIATE VALUES
FOR IXREB, IYREB, AND IZREB. ONLY ONE PLANE-BY-PLANE
REBALANCING OPTION CAM BE SPECIFIED.
IXREB 0..H0 X-DIRECTION PLANE-BY-PLANE REBALANCING. (%)
1..PLANE-BY-PLANE MASS REBALANCING IXN THE X-DIRECTION
1S PERFORMED.
1YREB G..NG Y-DIRECTION PLANE-BY-PLANE REBALANCING. (=)
1..PLANE-BY-PLANE MASS REBALANCING IMN THE Y-DIRECTIOR
15 PERFORMED. :
1ZREB 0..N0 Z-DIRECTION PLAHE-BY-PLANE REBALANCING. ()
t..PLANE-BY-PLANE HMASS REBALANCING IN THE Z-DIRECTION
18 PERFORMED.,
USER-DEFINED-REGION REBALANCING REQUIRES THE USER TO DEFINE
REBALANCING REGIONS WITHIN THE FLUID DOMAIN. THE REGIONS MUST
BE CHOSEN SUCH THAT REGION M HAS HEIGHBORING CELLS ONLY
CONTAINER IN REGIDNS N-1 AND N+1. HASS LEAVING REGLON K AND
ENTERING REGIOM N+1 DOES SO THROUGH REBALANCING SURFACE N. MASS
LEAVING THE LAST REGION GDES INTD THE REMAINING CELLS (THERE
MUST BE AT LEAST OMEY WHICH ARE NOT IN ANY REBALANCING REGIDN
AND WHERE MO REBALANCING 1§ PERFORMED. REGION 1 I§ REQUIRED
TO HAVE HEIGHBORENG CELLS ONLY IN REGION 2. ONE APPROACH TO
CHOOSING REBALAMEING REGLOMS 15 TO EXCLUDE ALL CELLS ADJACENT
TO EXITS AND THEN GROUP THE REMAINING CELLS INTO AS HARY
REBALANCIHNG REGILONS AS POSSIBLE. ANDTHER GUIDELIME IS TO
PUT REBALANCING SURFACES BETWEEN REGIONS OF GROSSLY DIFFERENT
PRESSURES. 1IN EACH REBALANCING REGIO# THE PRESSURE 15 ADJUSTED .
UNIFORMLY IN SUCH A WAY TO FORCE THE HET MASS NONCONSERVATION
TO VANISH, IF USER-DEFINED-REGION REBALANCING IS DESIRED,
1FREB MUST BE ASSIGNED AN APPROPRIATE POSITIVE VALUE IN
NAMELIST /GEOM/ AND REBALANCING REGION CARDS MUST BE SUPPLIED.
ADDITIDMALLY, THE FOLLOWING GRODUP OF VARIABLES MUST BE DEFLNED.
NREBRT MUMBER OF USER-DEFLHED REBALANCING REGIONS. (0)
HREBH (HR) HUMBER OF CELLS EHM REBALANCIHG REGION HR. (0
REBALANCING REGIONS ARE GERERALLY CHOSEN IN SUCH A WAY .
THAT ALL THE CELLS N A GIVEN REGIDN HAVE MNEARLY EQUAL
PRESSURE. ALSD, ONE CELL MAY NHOT BE INCLUDED LN MORE THAN
ONE REBALANCIHG REGION.
HREBX (NR) MUMBER OF INTERNAL X-SURFACES BETWEEN REGION NR AND RR+1.
¢0) [INTERFACES BETWEEN REBALANCING REGIONS OFTEN
CORRESPOND TO A PHYSICAL STRUCTURE WHICH HIGHT CAUSE A
LARGE PRESSURE CHANGE.
HREBY (NR) NUMBER OF IMTERNAL Y-SURFACES BETWEEN REGION NR AND HR+1. ¢
o)
NREBZ (NR) NUMBER OF IMTERNAL Z-SURFACES BETWEEN REGION NR AND NR+1.
(0)

25
THE FREQUENCY AT WHICH REDALANCING OCCURS 15 SPECIFIED 8Y THE
FOLLOWING VARIABLE.
IREBIT REBALANCIHG IS PERFORMED BEFORE EVERY IREBITTH ITERATION.
1K ORDER YO IMPROVE CONVERGEWCE, THE NUMBER OF ITERATIONS
SHOULD BE ONE LESS THAN A MULTIPLE OF IREBIT.
THAT §§, IT OR ITHAXP=(R*IREBIT)-1. (50)

26

§ SIMPLIFIED PROPERTIES OPTEON | YO BE INCLUDED IF AND
Fo oo + ONLY IF IFPROP=1.
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IFPROP

FCOH
FC1H
FCORD
FC1RO
FCOK
FC1K
FCOMU
FC1MU

FCTLO
FCTHI

TVALH

FVAL (N

HEND (M

NTOTS

0..FLUID PROPERTIES ARE COMPUTED USING RIGOROUS EQUATION-
OF-STATE SUBROUTINES. PACKAGES FOR BOTH SODIUM AND
WATER ARE INCLUDED WITH THE SOURCE. ORLY THE DESIRED
PACKAGE SHOULD BE INCLUDED WHEN CREATING THE LOAD
MODULE SINCE THE SAME FUNCTION MAMES ARE USED IN BOTH
PACKAGES. OTHER PROPERTY PACKAGES CAN BE EASILY
INSTALLED BY THE USER. (%)

1..FLUID PROPERTIES ARE COMPUTED USING FASTER RUNNING
SIMPLIFIED STRAIGHT-LINE APPROXIMATIONS TO THE STATE
FAUATIONS. THES OPTION REQUIRES ADDITIONAL
SPECIFICATION AS DESCRIBED BELOY.

THE FOLLOWING LINEAR EQUATIONS ARE USED 70 APPROXIMATE THE
STATE EQUATEONS WHERE TC IS THE TEMPERATURE IN DEGREES C.

FCOH

ENTHALPY + FCIH #* TC J/KG
DERSITY = FCORO + FC1RO % TC KG/M#xx3
COMBUCTIVITY = FCOK + FC1K * TC WI(H-C
VISCOSITY = FCOMU + FCIMU = TC PA-§
TEMPERATURE = FCOT + FC1T = H c

THE COEFFICIENTS LISTED BELOW MUST BE USER SPECIFIED.
THE COEFFICEENTS FCOT AND FCAT ARE COMPUTED FROM FCOH AND FC1M,
ENTHALPY COEFFICIENT. (0.0)
ENTHALPY COEFFICIENT. (0.02
DENSITY COEFFICIENT. {(0.0)
DENSITY CODEFFICIENT. <0.0)
CONDUCTIVITY COCFFICIENT. (0.0}
CONDUCTIVITY CDEFFICIENT. (0.0}
VISCOSITY COEFFICIENT. (0.0}
VISCOSETY COEFFICIENT. (0.0}

TO ALLOW THE USER TO SPOT CHECK PROPERTY VALUES A SMALL
TABLE S PRINTED WITH FIVE TEMPERATURE VALUES RANGING
FROM FCTLO 70 FCTHI AT A PRESSURE PRESO. VWHEN THE SODIUM
PACKAGE IS PRESERT, THE DEFAULT VALUES OF FCTLD AND FCTHIL
ARE 300.0 AND 700.0. UWHEN THE WATER PACKAGE IS PRESENT,
THE DEFAULT VALUES ARE 20.0 AND 100.0, C.

27

| TRANSIENT FUNCTIONS .| ALL TRANSIENT DRIVING FUKRCTIDHS
et el + ARE INPUT INTO THE FOLLOWIMG THREE
VARIABLES. THEY MUST BE INPUT AT
THE BEGINNING OF THE TRANSIENT (ISTATE=2)> EVEN IF THEY HAVE BEEN
INPUT PREVIDUSLY. EACH FUNCTION ES DEFINED BY A USER SPECIFIED
SET OF POINTS. CUBIC SPLEINF FIT COEFFICIENTS ARE THEN GENERATED
IN SUBROUTINE FITIT. FIFTY EQUALLY SPACED VALUES ARE PRINTED TO
ALLOYW THE USER TO CHECK THE ADEQUACY OF THE INPUT DISTRIBUTION.
TEN TD FIFTEEN VALUES WITH POINTS CONCENTRATED AT RAPIDLY
CHANGING Y-VALUES SHOULD BE ADEQUATE, EURRENTLY THE TOTAL
NUMBER OF POINTS ALLOWED FOR THE SPECIFICATION OF TRANSIENT
FUNCFIONS 18 ONME JINUNDRED.
P THE INDEPLNDEMT VARIABLE, USUALLY TIME, FOR THE TRANSIENT
FUNCTIONS,
P) THE DEPEHDENRT VARIABLE FOR THE TRAWSEENT FUHCTIONS. THE
FIRST VALUE OF THE SECOND FUNCTION IHMEDIATELY FOLLOUWS
THE LAST VALUE OF THE FIRST FURCTION. TFHE SAME PATTERN
HUST BE FOLLOWED FOR ALL SUBSEQUENT FUNCTIONS., MAKE SURE
THAT THE ENTIRE RANGE OF THE FUNCTION USED LIES WITHIR
THE RAHGE INPUT AS THE FITTING ROUTINE DOES HOT
EXTRAPDLATE. DISCONTINUITIES ARE INDICATED BY SPECIFYING
THE SAME X-COORDIRATE TWICE WITH THE SAME OR BIFFERENT
Y-COOQRDIKATE VALUES.
F) THE RUHBER OF POIWTS I THE NFTH TRANSIENT FUNCTION

IN ORDER TO SIMPLIFY THERMAL STRUCTURE INPUT IN CERTAIN
CASES, THE HEAT SOURCE TRANSEENT FUNCTION NUMBERS CAN BE
OVERRIDDEN IN MAMELIST /DATA{., THESE VALUES ARE INPUT
IHTO THE VARIABLE HTOTS IN THE ORDER IN WHICH THE THERMAL
STRUCTURE PROTOTYPES WERE DEFINED. ARNY VALUES SPECEFIED
IN NTOTS WILL OVERRIDE ALL OTHER INPUT AND PREVIOUS
VALUES. IF NO VALUES OF NTOTS ARE DEFINED, HO CHANGES TO
THE HEAT SDURCE TRANSIENT FUNCTION NUMBERS ARE HADE.
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NTPLOT

NTPRNT

TPRNT

LSTPR

NTHPR

UP TO 25 VALUES TO SPECIFY WHEN PLOTTING INFORMATION 1§
TO BE WRITTEM TO TAPE 76. THE FOLLOWING ARE ACCEPTABLE
VALUES OF NTPLOT:
0..HO MORE PLOTTING INFGRMATIOW 1§ WRITTEX TO TAPE. (%)
>0..TIME STEP NUMBER FOR WHICH PLOTTING INFORMATION I8
WRITTEN TO TAPE 76. AFTER THE NTH POSITIVE TIME STEP
IN ¥TPLOT HAS BEEN PROCESSED, THE H+1TH VALUE OF NTPLOT
IS USED TO DETERMINE SUBSEQUENT WRITES TO THE TAPE.
<0..A VALUE -N INDICATES THAT INFORMATION IS WRITTEN TO
TAPE 76 EVERY NTH TIME STEP. HO SUBSEQUENT VALUES
OF NTPLDT ARE CONSIDERED.
EXAMPLE. NTPLOT=-5 INDICATES THAT EVERY STH STEP IS T0 BE
PROCESSED. HNTPLOT=5,10,-20 INDICATES THAT $TEPS 5, 10, 20,
40, 60, ETC., ARE TO BE PROCESSED. NTPLOT=10,20,0 INDICATES
THAT OHLY STEPS %0 AND 20 ARE TO BE PROCESSED.

. 28
| PRINTING GPTION | CALLS 70 SUBROUTLNE OUTPUT ARE
oo mmmmmm o + CONTROLLED BY THE TWO VARIABLES
HTPRNT AND TPRNT. THEY CAW BE USED
INDIVIDUALLY OR FOGETHER. THE INFORMATION PRINTED AT EACH
CALL TO SURROUTIME OUTPUT IS DETERMINED BY THE VARIABLES
ISTPR AND NTHPR DESCRIBED BELOW.
UP TO 50 TIME STEP MUMBERS AT WHICH SUBROUTINE CUTPUT
IS 70 BE CALLED. THE FOLLOWING ARE ACCEPTABLE VALUES
FOR HTPRNT:
0..NO MORE CALLS TO SUBROGUTINE GUYPUT. WHEN RESTARTING,
PREVIOUS SPECIFICATION OF HTPRHT VALUES MAY BE
OVERRIDDEN BY SPECIFYING THE DESIRED NEW VALUES
FOLLOWE®R BY A ZERO IMN NTPRNT.
>0..TIME STEP NUMBER FOR WHICH SUBROUTINE OUTPUT 1§ TO BE
CALLED. AFTER THE HTH POSITIVE TIME STEP LN NTPRNT
HAS BEEMN PROCESSED THE N+iTH VALUE OF NTPRNT IS USED
TO DETEBMIME SUBSEQUENT CALLS TO OUTPUTY.
<0..A VALUE -M INDICATES THAT SUBROUTINE ODUTPUF 1S CALLED
EVERY NTH TIME STEP. HNO SUBSEQUENT VALUES OF NTPRNY
ARE COHSIDERED.
-9959__SUBROUTINE CQUTPUT IS CALLED JUST BEFORE THE RUN 1§
TERMINATED. (%)
EXAMPLE. NTPRNT=0 ENDICATES THAT AFTER INITIALIZATEON,
SUBROUTINE OUTPUT IS HMEVER CALLEG. NTPRNT=5,10,-9999% INDICATES
THAT SUBROUTIHE OUTPUT 1% CALLED AT STE?S 5, 10, AND JUST
BEFORE TERMINATION.
UP TO 50 TIMES (PROBLEM VIME IN SECONDS) AT WHICH
SUBROUTINE OuUTPUT IS TO BE CALLED. THE FOLLOWING ARE
ACCEPTABLE VALUES OF TPRNT: :
0.0..N0 HORE CALL TO SUBROUTINE QUTPUT. (%)
WHEN RESTARTING, PREVIOUS SPECIFICATION OF
TPRNT VALUES MAY BE OVERRIDDEN BY SPECIFYING
THE BESIRED NEW VALUES FOLLOWED BY A ZERQ
IR TPRHY.
»0.0..TIMES AT OR AFTER WHILH SUBROUTINE OUTPUT IS TO BE
CALLED, WHEM OR AFFER THE NTH POSITIVE TIME IH TPRHNT
HAS BEEN PROCESSED, THE N+17# VALUE OF TPRNT 1S USED
TO DETERMINE SUBSEQUERT €ALLS TO OUTPUT.
<0.0..A VALUE OF -T INDICATES THAY SUBROUTINE OUTPUT IS TO
BE CALLED AT T-SECOND INTERYALS. [IF THE NTH VALUE
IS HEGATIVE, THEN THE N+1TH VALUE STORES THE REXT
TIME VALUE AT WHICH OUTPUY 18 70 BE CALELED. THES IS
NOMINALLY SET TO ZERC BUT CAN BE SPECIFIED BY THE
USER. NO SUBSEQUENT VALUES OF TPRNT ARE CONSIDERED.
EXAMPLE. TPRNT=1.0,5.0,-10.0 INDICATES THAT OUTPUT 1S 7O
BE CALLED AT OR AFTER TIMES 1.0, 5.0, 10.0, 20.0, . . ETE..
TPRMT=-5.0,10.0 INDICATES THAT OuTPUT LS TO BE CALLED AT
TIMES 10.0,15.0,20.0,. . . ETC..

29
UP TO FIFTY CODED VALUES WHICH SPECLFY THE ARRAYS TO BE
PRINTED IN THE FIRST CALL TD SUBROUTIRE OUTPHT. (0)
UP YO FIFTY CODED VALUES WHICH SPECIFY THE ARRAYS TO BE
PRINTED IH ALL CALLS AFTER THE FIRST CALL TO OUTPUT.

FOR IMTERMAL ARRAYS, FACH VALUE OF ISTPR AND MTHPR IS A SIGNED

FIVE BIGIT IHTEGER OF THE FORM "SVVYPLL’ WHICH 1S CODED ACCORDLHG
7O THE FOLLOWING RULES:
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$ +..08LY THE PLANE SPECIFIED BY *VVPLL’ IS PRINTED. (%)
A PLUS SIGN IS ASSUMED AND NEED NOT BE SPECIFIED.
-..ALL PLANES BETWEEN THE VALUES OF “LL’ O¥ YHME CURRENT
AND FOLLOWING VALUES OF ISTPR OR HTHPR ARE PRINTED.

vV 01..UL U-COMPONENT OF VELQCITY.
02..¥L V-COMPONENT OF VELOCLTY.
03..UL W-~COMPONENT OF VELOCITY.
04..HL ENTHALPY.
05..TL TEMPERATURE.
06..AL VOLUME POROSITY.
07..RL DENSITY.
08..pP STATIC PRESSURE.
09..0L RESLDUAL MASS.
10..ALX X-DIRECTION SURFACE PERMEABILITY.
11..ALY Y-DIRECTION SURFACE PERMEABILITY.
12..AL2 Z-DIRECTION SURFACE PERMEABILITY.

13..DRDT DCRL)JDCTEHED .
14..TURK TURBULEXNT KINETIC ENERGY.
15..4980UR VOLUMETRIC HEAT SOURCE,
i6..PSTATO INITIAL STATIC PRESSURE.
17.. P-PSTATO
18..00D0POT  DCDLY/DU(P).
19..DDDH DCOLY D CHL) .
20..TURCON TURBULENT COMDUCTIVITY.
21..TURVIS TRUBULENT VISCOSITY.
P 1..AN I-PLANE 1S PRINFED.
2..A J-PLANE IS PRINTED.
3..A K-PLANE IS PRINTED.
L SPECIFIC PLARE TO BE PRINTED. 1IF § 1S +, OMLY ONE PLANE
IS INDICATED. IF § 1% -, THE *LL* VALUES IN THE CURRENT
AND REXT VALUES OF ISTPR OR NTHPR INDICATE THE RANGE OF
PLANES TO BE PRINTED.

30

FOR THERMAL STRUCTURE INFORMATION, EACH VALUE OF ISTPR AHRD
HTHPR IS A SIGHED FIVE DEGIT INTEGER OF THE FORM ‘S8RNHN’
WHICH IS CODED ACCORDING TO THE FOLLOWING RULES:

s +..0NLY STRUCTURE NUMBER ‘HNHN’ 1§ PRINTED. (%)
A PLBS SIGH IS ASSUMED AND MEED NOT BE SPECIFIED.
“«.AtL STRUCTURE BETWEEN THE VALUES OF *NNNN’ IN THE
CURRENT AHND FOLLOWING VALUES OF ISTPR AND NTHPR ARE
PRINTED.
NHHN SPECIFIC SYRUCTURE TO BE PRENTED, IF § IS ’+¢, DNLY OHE
STRUCTURE IS INDICATED. IF § IS *-+, THE ’NNNY’ VALUES
IN THE CURRENT AND NEXT VALUES OF ISTPR OR HTHPR INRICATE
THE RANGE OF SURFACES TO 8E PRINTED.

FOR SURFACE ARRAYS, EACH VALUE OF ISTPR AND NTHPR 15 A SIGHED
FIVE DIGIT TNTEGER OF THE FORM ‘S9yVLL’ WHICH 1S CODED
ACCORDING TO THE FOLLOWENG RULES:

5 +..0NLY THE SURFACE NUMBER ‘LL* IS PRINTED. (%)
A PLUS SIGN 1§ ASSUMED AND NEED NOT BE SPECIFIED.
“..ALL SURFACES BETWEEN THE VALUES OF ‘LL* IN THE
CURRENT AND FOLLOWING YALUES OF ISTPR OR NTHPR ARE

PRINTED.

vV 01..VELBH NORMAL SURFACE VELDCITY.
02..08H HORMAL SURFACE HEAT FLUX,
03..48 ADJACENT INTERNMAL CELL HUMBER.
04..HLB SURFACE ENTHALPY.
05,.7L8B SURFACE TEMPERATURE.
06..AREA SURFACE ELEMENT AREA.
67..RLB SURFACE DENSITY.
né..prB SURFACE PRESSURE.

09..1JX ABJACENT INTERMAL CELL INDICES. EACH VALUE IS
' DF THE FORH *1I1JJKK’ WHERE 11 1S THE I INDEX,
JJ 1S THE J INDEX, AND KK IS THE K INDEX.
10.. -~ OVERALL HEAT TRAHSFER COEFFICIENT FROM CODEANT
TO WALL AS USED Id THE TRANSIENT DUCT WALL
HODEL (KTEMP(LL)=500).

LL SPECIFIC SURFACE TO BE PRINTED. IF § 1§ +, ONLY ONE
SURFACE IS8 INDICATED. IF § IS -, THE “LL’ VALUES IN THE
CURRENT AND NEXT VALUES OF ISTPR OR NTHPR INDICATE THE
RAHNGE OF SURFACES YO BE PRINTED.

EXAMPLE, ISTPR=06105,-10301,-10305,

NTHPR=01105,-02301,-02305,90101,-90501, -90505,

INDICATES THAT THE FIRST CALL TO OUTPUT WILL PRINT THE I=5

— 9] —
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PLAME OF VOLUME POROSITY AND K-PLANES 1 THROUGH 5 OF THE
X-DIRECTION SURFACE PERMEABILITY. OH ALL SUBSEQUENT EALLS,
TO OUTPUT, THE I=5 PLAKE 0% THE U COMPONENT OF VELOCETY,
K-PLANES 1 THROWGH 5 OF THE ¥ COMPONENT OF VELOCETY, THE
BOUNDARY VELOCITY FOR SURFACE 1, AND SURFACE TEMPERATURE
FOR SURFACES 1 THROUGH 5.

31

| FORCE STRUCTURES 1 THE FORCE STRUCTURES PARAMETERS ARE
Fommmm oo mmmmemm o + REQUIRED ONLY WHEN NFORCE OF NAMELIST
/GEOM! IS GREATER THAW ZERD. THE
LOCATIONS OF THE FORCE STRUCTURES ARE SPECIFIED 1IN THE FORCE
STRUCTURE SPECIFICATION CARDS.
THE FORCE STRUCTURE IS A MECHANISH WHEREBY A FORCE CAN BE
APPLIER TO THE FLUID ACROSS A CELL FACE BETWEEN TWD
COMPUTATIONAL CELLS.
FORCE CORRELATIOMS HAVE BEEN PROVIDED TO MODEL SEVERAL SPECEFIC
STRUCTURES. THESF CAN BE USED BY SPECIFYING THE APPROPRIATE
CORRELATION NUMBER LM ICORR FOR EACH STRUCTURE. USERS MAY
DBEFINE ADDITIONAL FORCE CORRELATEIONS IN SURBOUTINE FORCES.
CORRELATION NUMBERS 50 FHROUGH 99 ARE RESERVED FOR THIS PURPOSE.
THE FORCE CORRELATIONM LESRARY CONSISTS OF THE FOLLOWING:

ICORR(NE) 90..CRBR FUEL ASSEMBLY
9t..CRBR BLANKET ASSEMBLY
%2..,BRHX C(DIRECT REACTDR HEAT EXCHANGER)
93..CRBR CHIMNEY ASSEMBLY
94, .FFTF PEN BUNDLES
95, .CRBR COXTROL ASSEMBLY

ALTERNATIVELY, O¥E MAY USE A GENERIC FORCE CORRELATION.
i¥ THIS CASF, DRAG OR RESISTANCE FORCES ¢(PASM) OF OME OF THE
FOLLOWING FDRMS ARE COMPUTED:

DPDX=~FORCEF (NF)%RL*ABS(UL) *ULxFCORR/CLENTH(NF)
DPDY=-FORCEF (NF)*®RL®ABSCYLI#VL*FCORR/CLENTH(NE)
DP0OZ=-FORCEF(NFY*RL*ABS (WL *WL*FCORRSCLERTH (RF)

WHERE FCORR=ACDRRL (NC)*RE**BCORRL{NC) +CCORRL{NC)
WHEN RE < REYTRM{HCY, AND
FCORR=ACORRT (NC)*REx%BCORRT(NC) +CCORRT (NC)
WHEN RE >= REYTRNCHC), AND
RE=RL#*SART (UL®x#2+YL¥x2+WLex2)%REYLENCNC) /VIS, AND
RL IS THE LOCAL DENSEITY,
UE, ¥i, AKD WL ARE LOCAL VELOCIFTIES, AND
V1S IS THE LOCAL vISCOSITY.

FORCEF(NF) FORCE COEFFICIENT FOR FORCE STRUCTURE NF.
REYLEM(NF)} LEMGTH USED TO COMPUTE THE REYHNDLDS NUMBER FOR FORCE
STRUCTURE N, H. :
CLEMTH(NF) >0.0,.THF VALUE INPUT IS USED AS THE CHARACTERILSTIC
LENGTH IN THE ABOVE EQUATION. .
€0.0..8 CHARACTERISTIC LENGTH COHPUTED FROM EITHER
DX, DY, DR DZ, WHICHEVER IS APPROPRIATE, 15
HSED FOR CLENTH(NF) IN THE ABOVE EQUATION.
1CORRCHF) THE CORRELATION TYPE OF FOREE STRUCTURE MF. THE VALUES
OF ICORR MUST BE LESS THAH 50 AND ARE USED AS INDICES OF
THE USER SPECEFLED CORRELATION VARIABLES BELOW.
HCORR THE NUMBER OF CORRELATION TYPES AVAILABLE FOR FORCE
STRUCTYRES. THIS VALUE MUST EQUAL OR EXCEED THE MAXIHUM /
VALUE SPECIFIED IN 1CORR BUT BE LESS THAN 50.

32
REYTRN(NCY THE TRANSITION REYHOLDS HUMBER.

ACORRL(NC) CORRELATION COEFFICLEMTS WHEN THE REYNOLDS NUMBER ABOVE,
BCORRL(HCY RE, 18 IN THE LAMINAR REGIME,
CCORRLA(HC) 1.E., WHER RE < REYTRN(NC).
ACORRT(NC) CORRELATION COEFFLCIENTS WHEN THE REYNOLDS MUMBER ABOVE.
BCORRT(HC) RE, 1S I# THE TURBULENT REGIME,
CCORRT(NC) 1.E., WHEN RE >= REYTRN(NC).

33

| TURBULENCE HODEL | THERE ARE CURRENTLY FOUR OPTIONS
Fommm e + DEALIRG WITH TURBULENCE MODELING.
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NOMINAL FLOW MDBEL WITH NO TURBULENCE ACCOUNTED FOR:
ITURKE 0..TURBULENT KINETIC EMERGY FLAG MUST BE ZERO. (%)
TURBY TURBUELENT VISCOSITY HWUST BE SET TO ZERD. (%)

CONSTANT TURBULENT VISCOSLITY MODEL IH WHICH TURBULENT VISCDSITY
AND TURBULENT CONDUCTIVITY ARE ASSUHED TO BE CORSTANT:
FOR ¥HIS OPTION THE FOLLOWING INPUT HUST BE PRESCRIBED:

ITURKE 0..TURBULENT KINETIC EHNERGY FLAG MUST BE ZERO. (%)

TURBY TURBULENT VEISCOSITY, PA-S. (0.0)> THLS MUST BE SET
TO SOME POSETIVE VALUE.

TURBC TURBULENT CONDUCTIVITY, W/{M-C). €0.0)

TURBULENT COMDUCTIVITY CAN BE SPECIFIED BIRECTLY
IN TURBC OR BY SETTING TURBC TD ZEROD AND SPECIFYING
VALUES FOR CHARRE AND CHART.

CHARRE CHARACTERISTIC REYNOLDS NUMBER. (0.90)

CHART CHARACTERISTIC TEMPERATURE, C. (0.0)

THE TURBULENT KINETIC ENERGY (TYRK) OBTAINED FROM THE
ORE-EQUATION TURBULENCE MODEL (K-EQUATLOK)Y 1§ USED TO EVALUATE
THE TURBULENT VISCOSETY (TURVIS). THE TURBULENT VISCOSITY AND
TURBULENT CONDUCTIVITY ARE EVALUATED FOR EVERY CELL EACH TIME
STEP. THE TURBULENT VISCOSITY IS COMPUTED FROM THE FOLLOWING
EQUATION:

TURVIS=CHU1*RO%SART (TURKI*LENSCA

WHERE RO IS THE LOCAL DENSITY,

TURK IS THE LOCAL TURBULERT KINETIC ENERGY, AND
LENSCA IS THE LENGTH SCALE (CEL1xHYDIN).

TW0 OPTIONS EX1ST WEITHIN THE ONE-EQUATION TURBULENCE MODEE.
ITURKE 1..0RE-EQUATION TURBULENCE MODEL WITH A WALL FUNCTIOR
CORRECTION TO THE TURBULENT KINETIC ENERGY EGUATION
FOR CELLS ADJACENT TO SOLID WALLS.
5..0NE-FQUATION TURBULENCE MODEL WITH A WALL FUNCTIOR
CORRECTION TO BOTH THE TURBULENT KINETIC ENERGY
EQUATION AND THE MOMENTUM EQUATIOR FOR CELLS ADJACENT
T0 SOLID WALLS. THIS OPTION 1S OPERATIOMNAL ONLY WHEN
USING THE FYLLY IMPLICIT CALCULATIONAL SCHEME, 1.E.,
ISYMCH > 2 AND IFITEN = 3.

OMEGAK RELAXATION FACTOR FOR THE TURBULENT KINETIC EHERGY
EQUATLON COEFFICIEHTS. (0.95)

RELAXX RELAXATION FACTOR FOR TURBULENT KINETIE ENERGY SOLUTION
(0.8,

ITKBUG 0..N0 TURBULEMCE MODEL DEBUGGING. (%)
1..TURBULENCE MODEL DEBUGGING ACTIVATED.

CHUA COEFFICIENT FOR COMPUTATION OF TURBULERT VISCOSITY
AS SPECIFIED ABDVE. (0.1)

CEL1 COEFFICIENT TO COMPUTE LENGTH SCALE AS SPECIFIED ABOVE,
(0.4)

HYDIN HYDRABLIC DIAMETER, M. (0.0) HYDEN LS INTERNALLY COMPUTED
WHEN I1GEOM > O.

34

AKAPPA vON KARMAKN CONSTANT USED IN THE ONE-EQUATION TURBULENCE
MOBEL. (0.4

EDTURB COEFFICIERT FOR COMPUTATIOR OF SHEAR STRESS MNEAR
THE WALL. (0.09)

EE COEFFICIENT FOR COMPUTATIOH OF SHEAR STRESS NEAR

THE WALL. (9.0}

MOTE 1. THE DISSIPATION OF THE TURBULEMT KIMETIC ENERGY,

S$PLMO, IS DETERMINED FROM THE FOLLOWING EQUATION:
SPLHO=-RO(HO) X TURK (MO)*#3/ (CEL1=dYDIN).

THEREFORE, DECREASING VALUES OF LENGTH SCALE WILL
RESULT IN INCREASLHG VALUES OF THE DISSIPATION OF
THE TURBULENT KIRETIC ENERGY,

NOTE 2. SINCE THE WALL FUHCTION 18 USED FOR THE TURBULERT
KIHETIL EHERGY COMPUTATION, INETIAL VELOCETIES MUST
BE NONZERQ. FOR THE STEADY-STATE COHPUTATION IT IS
RECOMMEHNDED THAT ALL VYELOCITIES BE SEV 70 THE RONZERO
INLET VELOCITY.

R T e R T +

| CELL INTEGRATED WIRE WRAP FORCE | THESE PARAHETERS ARE

D h R e R LR L L P L LR + USED ONLY WHEN IWIRE=2,
CHIREY COEFFICIENT OF WIRE FORCE 1 X-DIRECTION. (0.5)
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CWIREY COEFFICIENT OF WIRE FORCE IN Y-DIRECTION. (0.5
CWIREZ COEFFICIENT OF WIRE FORCE IN Z-DIREETION. (0.5
R i +
| FUEL ASSEMBLY DRAG MODEL | THIS MODEL IS USED WHEM
Fommmmmm oo m e + ANALYZING ROD BUNDLE PROBLEMS
TO PROVIDE FLOYW RESISTANEES.
IDRAG 0,.NO FLOW RESISTANCE DUE TD FUEL ASSEMBLY DRAG MODEL (%).

1..HOMINAL FUEL ASSEMBLY DRAG FORCES APPLIED.

2..FUEL ASSEMBLY DRAG FDRLCES ARE APPLIED AS IN OPTIOR
1 EXCEPT THAT THE CROSS FLOYW DRAG IS MULTIPLIED BY
AL/ALX QR AL/ALY WHERE AL IS THE VOLUME POROSITY
AND ALX AND ALY ARE SURFAEE PERMEABILITIES. THIS
OPTION SHOVLD BE USED WHEN FUEL ASSEMBLY DRAG FORCES
ARE DESIREDR AND THE CELL INTEGRATED WIRE WRAP FORCE
OPTION 1S USED (IWIRE=2),

CDRAGX MULTIPLIER OF DRAG FORCE IN X-DIRECTIOH. (1.0)
CDRAGY MULTIPLIER OF DRAG FORCE IN Y-DIRECTION. (1.0)
CDRAGZ - MULTIPLIER OF DRAG FORCE IN Z-DIRECTION. (1.0)
1
35
K KK 36 2 0 5K HOR 38 4 0  R K K
* NAMEEIST /INPUTQ/ = THIS NAMELIST IS READ ORLY WHEN IFROD>O0.
A KR R K S O KK K o N K
i@ 0..THE AXIAL POWER DISTRIBUTION IS SPECIFIED BY THE USER
IN THE VARIABLE QK(K}. (%)
1..A CBSINE AXIAL POWER DISTRIRUTIGN IS ENITIALIZED EN
THE VARIABLE QK(K). -
2..A MNUxSINCHU) AXIAL POWER DISTRIBUTION SKEWED TOWARD
THE TOP IS INITIALIZED IN THE VARLABLE QX(K).
3..8 MU%SIN(HU) AXIAL POWER DISTREIBUTION SKEWED TOWARD
THE BOTTOW IS IRITIALLZED I¥ THE VARIABLE QK(K).
RKCK) AXIAL POWER DISTRIBUTION. NOMINALLY QK(K)=1.0 FOR ALL
K BETWEEN KLHS AND KHHS AND 0.0 FOR ALL OTHER K.
KLHS LOWEST HEATED K-PLANE. (D)
KHHS HIGHEST HEATED K-PLANE. (0)
FNZ AXIAL NUCLEAR HOT-CHANNEL FACTOR USED FOR I@=1, 2, OR 3.
THIS IS THE RATID OF MAXIMUM-TO-AVERAGE AXIAL POVER
DENSETY. (D)
AFLUX AVERAGE CONSTANT HEAT FLUX, W/M%%2. (0.0)
@SCO0L VOLUMETRIC HEAT SOURCE FOR CODLANT, W/Mxx3. (0.0)
HOF&T HUMBER OF THE TRANSIENT FUNCTION WHICH IS WSED AS A
MULTIPLIER OF THE HEAT SOURCE FOR THE COOLANT WHEN THERMAL
STRUCTHRES ARE PRESENT AND AS A MULTIPLIER OF TOTAL HEAY .
SOURCE WHE¥ ND THERMAL STRUCTURES ARE PRESENT. (0)
QINCIND) NORMALIZED RADIAL POWER DISTRIBUTION. TO OBTAIN THE
INDEX, IND, FROM THE CELL INDICES, (I,Jd), THE FOLLOWING
RELATIONSHIP IS USED: IND=I+IMAXx(J-1),
i
36
WHEN IGEOM > 0 THE FOLLOWING VARIABLES MUST BE COMSIDERED:
CLADOD CLAD OUTSIDE DIAMETER, M.
PITCHX PLTCH IN THE X-DIRECTION, M. T¥HE DEFAULY IS8 DX(2) WHEN
‘IPART=1 AND 2.0%DX(2) WHEN IPART=0.
PITCHY PITCH IN TBE Y-DIRECTIOM, M. THE DEFAULT 1S DY(2) WHEN

IPART=1 AND 2.0xDY{(2) WHEN IPART=0.

ALL FLOW AREAS, CELL WETTED PERIMETERS AND FRACTION-OF-PIN-IN-

CELL VALUES ARE INITIALLY SFET TO VALUES COMPUTED FROM A STAHNDARD (
HEXAGONAL FUEL BUNDLE GEOMETRY. 'IF THE USER 18 CONSIDERING A

CASE WHICH DEVIATES FROM THIS DEFAULT, ANY OR ALL OF THESE

PARAHETERS CAN BE RESET BY USING THE FOLLOWING FOUR VARIABLES:

IJTYPECIND) CELL TYPE. CEEL TYPES ARE POSITIVE INTEGERS LESS THAN
" FIVE AND ARE USED AS INDICES OF THE FOLLOWING THREE

VARIABLES. IF A NOMNEGATIVE VALYE 1§ GIVEN TO ANY OF THE
FOLLOWING THREE VARIABLES, THEM THE CORRESPONDING VALUE
PARAMETER WILL BE SET TG THAT VALUE IN ALL CELLS OF THAT
TYPE. 7O OBTAI1K THE INDEX, IHND, FROM THE CELL INDICES,
(1,4, THE FOLLOWING RELATIONSHIP IS USED:
IND=L+IMAX®(J-1).

PENAF (1) FRACTION OF PIN IN CELLS OF TYPE IJ WHERE LJ=IJTYPECIND).
1.0

FLOWACIY) FELOW AREA OF CELLS OF TYPE IJ WHERE IJ=IJTYPECEND),
Max2, (-1.0)

WETLNCIJD WETTED PERIMETER OF CELLS OF TYPE IJ WHERE IJ=IJTYPE(IND),
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M. (-1.0)

AN EXAMPLE MIGHT HELP TO CLARIFY VHE IHPUT FOR THE FOUR
VARIABLES ABOVE. <CONSIDER A CASE WITH IMAX=JHAX=10.

ITYPE=15%1,10%2, INDICATES THAT CELLS (1,1) THROUGH (5,2) ARE
ASSIGNED TYPE 1 AND EELLS (6,2) THROUGH (5,3)
ARE ASSIGHED TYPE 2.

PINAF=0.5,0.25, CELLS DF TYPE 1 AND 2 ARE GIVEN PEIN FRALTION
VALUES OF 0.5 AND 0.25 RESPECTIVELY.

FLOWA(2)=0.028, CELLS OF TYPE 2 ARE ASSIGNED FLOYW AREAS OF
0.028 WHILE CELLS OF TYPE 1 RETAIN THEIR
BEFAULT VALUE AS IN A STANDARD HEXAGONAL
GEOMETRY. CELLS OF TYPE 1 AND 2 ALSD RETAIN
THEIR STANDARD HEXAGONAL WETTED PERIMETER
VALUES.

SORHHOROH B3R HOR B RO KoK KRR oK KK KK
# REBALAMCING REGIOH CARDS ¥ THIS SET OF CARDS MUST BE INCLUDED

K KRHCK KRR KR KKK R KR IR R KRSk DMLY WHEN IFREB>0 IN NAMELIST /DATA/

HAME

18, 1E
JB,JE
KB,KE

AND NEWREB=1 IN NAMELIST /GEOM/.

THESE CARDS ARE USED TO SPECIFY THE LOCATION OF REBALANCING
REGIONS AND REBALANCING SURFACES. ADDITIOHAL INPUT IS REQUIRED

IN THE REBALANCIMNG OPTION SECTION OF NAMELIST /DATAf. EACH CARD
IN THIS SECTION CONTAINS THE FOLLOWING VARIABLES IMN FORMAT (A4,7

FORMAT (A4,TL4).
NAME N IB IE JB JE KB KE

REBM THE CELLS DEFIHED ON THIS CARD FORM (PART- OF) A
REBALAHCING REGION. AT LEAST ORE CARD OF THIS TYPE
IS REQUIRED FDR EACH REGION.

REBX THE CELLS DEFINED ON THIS CARD DEFIME A REBALANCING
SURFACE WHICH COINCIDES WETH AN L GRED PLANE. THE

SURFACE DEFINED BY CELL (E,J,K) IS THE SURFACE BETWEERN

CELL (I,J,K) AND CELL (I+1,4,K).
REBY THE CELLS DEFINED AN THIS CARD DEFIME A REBALANCING
SURFACE WHICH COENCIDES WITH A J GRID PLANE. THE

SURFACE DEFINED BY CELL (X,J,K) IS THE SURFACE BETWEEN

CELL (I,¢,K) AND CELL (I,Jd+1,K).
REBZ THE CELLS DEFINED ON THIS CARD DEFINE A REBALANCING
SURFACE WHICH COINCIDES WiTH A K GRID PLANE. THE

SURFACE DEFEMED BY CELL (I,J,K) I8 THE SURFACE BETWEEN

CELL (I,4,K) AND CELL (I,J,K+1).

END THLS CARD TERBINATES THE REBALANEING REGION CARDS.
IT IS 70O BE IKCLUDED ONLY WHEN IFREB > 0.
REBALANCING REGIOX NUMBER.

THESE SIX VARIABLES ARE THE BEGINNING AND ENDING
I-, J-, AMD X-INDICES USED TO BEFINE A RECTANGULAR
SOLID OF CELLS %HICH CONSTITUTE (PART OF) A
RESALANCIXNG REGION OR A PLANE OF CELLS ADJACENT TO
A REBALANCING SURFACE.
NOTE 1. INTERNAL SURFACES HAVING ZERO-PERMEABILITIES
SHOULD NOT BE INCLUDED AS REBALAMCING SURFACES.
HOTE 2. THE NUMBER OF CELLS AND SURFACES INPUT IN THESE
CARDS MUST EXACTLY MATCH THE NUMBERS SPECIFIED

IN THE VARIABLES HREBRT, NREBM, HREBX, NREBY, AND

NREBZ IN THE REBALANCING OPYION SECTION OF
NAMELIST /DATA/.

1
R IR R A IR 3K R R A R RO K R
# FORCE STRUCTURE SPECIFICATION CARDS = THIS SET OF CARDS MUST
B R R R I A 0 R R O BE INCLUDED ONLY WHEN

MFORCE>0 AND NEWFOR=1
IN NAMELIST /GEQM/.

THESE CARDS ARE USED TO LOCATE THE FORCE STRUCTURES DESCRIBER IN

THE FORCE STRUCTURE SECTION OF NAMELIST /DATA/. THESE FORCES
CAN BE APPLIFD AT CELL FACES BETWEEN TWO COMPUTATIONAL CELLS.
THE LOCATLONS THEREFORE CORRESPOND TO PORTIONS OF GRLID PLANES.
EACH CARD IN THIS SECTION CONTAINS THE FOLLOWING VARIABLES IN
THE FORMAT (A4,714).

NAME N 1B IE JB JE KB KE
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NAME XFOR X-DIRECTION FORCE.
YFOR Y-DIRECTION FORCE.
ZFOR Z-DIRECTION FORCE.
END THIS CARD TERHINATES THE FORCE STRUCTURE SPECIFICATEON
CARDS. IT IS ONLY NECESSARY WHEN NFORCE > 0.

i FORCE STRUCTURE NUMBER.

1B, 1E THESE SIX VARIABLES ARE THE BEGINWING AND ENDING
JB,JE E-, J-, ARD K-INDICES USED TO DEFINE A PLANE OF
KB,KE CELLS. THE CELL ¥ACE DEFINED BY CELL (!,J,K) FOR AN

X-DIRECTION FORCE IS THAT ONE BETWEEN LELLS (I1,4,K)
AKRD (1+1,J,K>. FOR A Y-DIRECTIOM FORCE, IT IS THE OXE
BETWEEN CELLS (I,J,K> AND (I,J+1,K)>, AND FOR A
Z-DIRECTION FORCE, IT IS THE ONE BETWEEHN CELLS (I1,J,K)
AND (I,d,K+1).

38
ORI ACE R R R R R OR R K
% NAMELIST /STRUCT/ * THIS SET OF CARDS IS INCLUDED IF AND
FAE KR KRR R W R IK K OKLY IF ISTRUC=1 AND HEWTS=1 IN
NAMELIST /GEDM/.

ITSBUG 0--NO THERMAL STRULTURE DEBUGGING. (%)
1--SOME THERMAL STRUCTURE DEBUGGING IS PRINTED.

40
A S HOR O O KOK R OB KORN KRR AR
* THERMAL STRUCTURE PROTOTYPE CARDS * THIS SET OF CARDS IS
SRR CHOK MOKOK KRN R KK R R R R INCLUDEDB IF AND ONLY EF
ISTRUC=1 AND NEWTS=1
IN NAMELIST /GEOM/. A CARD CONTAINING FEND ¢ IN COLUMNS 1-4 MUST
TERMINATE THIS SET OF CARDS.

A THERMAL STRUCTURE I8 A COLLECTION OF THERMAL STRUCTURE
ELEMENTS EACH 0F WHICH HAS THE SAME CHARACTERISTICS AS
SPECIFIED BY A THERMAL STRUCTURE PROTOTYPE. THERMAL
STRUCTURE PROTOTYPES ARE DEFIHED USING TYPE, FLUID, AMND
MATERIAL NAMELISTS WIVH THE NAMES T, F, AND M RESPECTIVELY.
THE ORDER IN WHICH THESE HAMELISTS ARE INPUT INDICATES THE
THE CONSTRYUCTLION OF THE THERMAL STRUCTURES AND MUST CONFORM
TO THE FOLLOWENG RULES:

t. A TYPF NAMELIST MUST BEGIN THE DEFINITEON OF EACH THERMAL
STRUCTURE PROTOTYPE.

2. IF FLUID INTERACTS WITH SURFACE ONE, A FLULD HAMELIST MUST
BE PRESENT AFTER THE TYPE NAMELIST (BEFORE THE FLRST
MATEREAL MAMELISTY. IF, IN ADDITION, FLUED INTERACTS WITH
SURFACE TWO, A FLUID MAMELIST MUST ALSO BE PRESENT AFYER
THE LAST MATERIAL HAMELIST.

3. A GAP EXISTS AFTER EACH MATERIAL EXCEPT THE LAST. THE
GAP PARAMETERS ARE SPEECIFIED IN THE MATERIAL NAMELIST.

4, THE IHITIAL DEFAULT FOR ALL HAMELEST VARIABLES IS ZERO.
SUBSEQUENT DEFAULTS ARE THE VALUES IN EFFECT AFVER READING
THE PREVIOUS HAMELIST. IF, FOR EXAMPLE, THE GEOMETRICAL .
TYPE IS THE SAME FOR ALL THERMAL STRUCTURE PROTOTYPES,
1X¥¥Z NEED BE SPECIFIED ONLY ON THE FIRST TYPE NAMELIST.

S. THE BEFINITIOR OF THERMAL STRUCTURE PROTOTYPE N+1 MUST
FOLLOW THE DEFIHITION OF THERMAL STRULTURE PROTOTYPE H.

6., BLANK CARDS OR CARDS WITH BLANKS IN COLUHNS 1 THROUGH 4
MAY BE INTERSPERSED AS DESIRED.

7. THIS SET OF CARDS MUST BE TERMIHATED BY AN *END ’ CARD.

THE PRECISE DEFINITION OF EACH CARD 1S AS FOLLOWS:

R e +

[ TYPE NAHELLIST /T/ |
R e R T +
N THERHMAL STRUCTURE PROTOTYPE MUMBER, TH1S NUMBER DOES HOT
HNEED TO CORRESPOND TO LTS IHDEX OR ORDINAL NUMBER.
1Xy2 GEGMETRICAL TYPE DR CHARACTERISTIC.

1..RODS C(CYLINDERS) WITH AX1IS ALIGHED IN THE I-DERECTEQN.

2..R0DS (CYLINDERS) WITH AXLS ALIGNED IN THE J-DERECTION.

3..RODS (CYLINDERS) WITH AXIS ALIGHED IN THE K-DIRECTION,
11..SLAB WITH THE NORMAL ALIGHED IN THE I-DLRECTLON.
12,.SLAB WITH THE NORMAL ALIGNED IN THE J-DIRECTIOR.
13,.8LAB WITH THE HORMAL ALIGNED I[N THE K-DIRECTEON.
101..SPHERE ALIGNED IN THE I1-DIRECTION.
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102..SPHERE ALIGNED IN THE J-DIRECTICN.

103..SPHERE ALIGNED IMN THE K-DIRECTION.
THE ALIGNMENT SPECIFICATION IS INCLUDEB IN THE
SPHERICAL OPTION TO ALLOW THE NORMALIZED AXIAL POVER
DISTRIBUTION HULTIPLIER, @K, ¥O BE OPERATIVE.

41

NT THE NUMBER OF THE TRANSIENT FUNCTION T0 BE USED AS A
MULTIPLIER FOR THE HEAT SOURCE.
RODFR RODS OR CYLINDRICAL THERMAL STRUCTURES:
>0..NUMBER DR FRACTION OF ACTUAL RODS INTERACTING WITH EACH
ASSOCIATED COOLANT CELL.
<0..THE ABSOLUTE VALUE 1§ THE HUMSER OR FRACTION OF RODS
PER UNMIT AREA (Hx*2) INTERACTING WITH EACH ASSOCIATED
COOLANT LELL.
SLAB THERMAL STRUCTURES:
>0..SLAB AREA IN EACH ASSOCIATED COOLANT CELL, M¥x2,
<0..THE ABSOLUTE VALUE 18 THE SLAB AREA DIVIDED BY THE
EELL AREA. 1IN THE CASE OF TWO SI1DED THERMAL STRUCTURES
THIS VALUE IS EQUIVALENT TO A SOLID PERMEABILITY FOR
THE STRUCTURE.
SPHERICAL THERMAL STRUCTURES:
>0, .NUMBER OR FRACTION OF SPHERES IMTERACTING WITH EACH
ASSOCIATED COODLANT CELL.
<0..THE ABSOLUTE VALUE IS THE NUMBER OR FRACTEON OF SPHERES
PER UNIT VDLUHE (M#%3) INTERACTING WITH EACH ASSOCIATED
COOLANT CELL.
OUTR THERMAL STRUCTURE OUTER RADIUS, M. THIS 1S NOT USED FOR
SLAR TYPE THERMAL STRUCTURES.

IHT HEAT TRANSFER CORRELATIOR INDEX. THIS VALUE IS USED AS
THE INDEX, WH, OF THE VARIABLES HEATC1, HEATCZ, AND
HEATC3 ODESCRIBED IH THE FLULID-STRUCTURE HEAT TRANSFER
SECTION OF NAMELLST /DATA/.

HYD HYDRAULIC DIAHETER OR REFERENCE 1LENGTH. THIS VALUE IS
USED AS D, THE REFERENCE LERGTH, AS DESCRIBED 1IN THE
FLULD-STRUCTURE HEAT TRANSFER SECTEON DF NAMELIST /DATA/.

M1 MATERIAL TYPE INDEX. THIS VALUE IS USED AS THE INDEX
HM DESCRIBED IN THE HATERIAL PROPERTIES (SOLIDS) SLCTICN
OF NAMELIST /DATA/.

HP NUMBER OF PARTITIONS IN THE MATERIAL. A THERMAL STRUCTURE
TEMPERATURE WILL BE COMPUTED FOR EACH MATERIAEL PARTLTION.

DR PARTITIOR SIZE, M. '

@ VOLUMETRIC HEAT SOURCE FOR THE MATERIAL REGIORN, W/M%x3,

THE FOLLOWING GAP PROPERTIES MUST BE CORRECTLY SPECIFIED
OR DEFAULTED OMLY WHEN ANOTHER MATERIAL FOLLOWS. IF A
FLELD FOLLOWS, THE GAP PROPERTIES ARE IGNORED.

SGAP GAP SIZE, WM.

HGAP GAP HEAT TRANSFER COEFFECLENT, W/ (M*%2-C).

42
S0 KK B 20 KR KO OO ORI R R BOKR R K
% THERMAL STRUCTURE LODEATION CARDS = THIS SET OF CARDS IS
EEFTITFIT R S LR EE S PR AR L RS RS 2 THCLUDED 1F AND ONLY IF
1S8TRUC=1 AND HNEWTS=1
IH MAMELIST /GEOM/.

ONCE THE THERMAL STRUCTURE PROTOTYPES HAVE BEEN DEFINED THE
LOCATION OF THE THERMAL STRUETURE ELEMENTS ARE SPECIFIED BY THE
THERMAL STRUCTURE LOCATIOW CARDS., THESE CARDS CONTALN THE
FOLLOWIKG VARIABLES IN FORMAT (A4,714)

LOC NuM I1&8 1E J48 JE KB KE

Lot DUT ..THE CELLS SPECIFIED INTERACT WITH THE OUTVSIBE OR
SURFACE 1.

IN ..THE CFLLS SPECIFIED INTERACT WITH THE IHSIDE OR
SURFACE 2.
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RUM

; 18, 1E
JB, JE
KB, KE

END ..A CARD CONTAINING ‘END * IN COLUMNS 1-4 IS NEEDED TO
TERMIMATE THE THERMAL STRUCTURE LOCATION CARDS.
THERMAL STRUETURE PROTOTYPE NUMBER.
THESE SIX VARIABLES ARE THE BEGINNING AND ENDING I-, J-,
AND K-INDICES THAT DEFINE A RECTANGULA® (CYLINDRICAL)
SOLID COMPOSED OF ONE OR MORE CELLS WHICH ARE TO INTERACT
WiTH THERMAL STRUCTURE NUH.

NOTE 1. A LELL SHOULD NOT BE SPECIFIED TWICE BY THE INDICES
UNLESS THE TRUE INTENTION IS TO HAVE TWO OCCURREMNCES
0F THf THERMAL STRUCTURE PROTOTYPE HUM.

NOTE 2. MANY THERMAL STRUCTURE LOCATION CARDS MAY BE HEEDED
TO DEFINE ALL THE CELLS INTERACTING WITH A GIVEN

THERMAL STRUCTURE PROTOTYPE.

NGTE 3. THE ORDER IN WHICH CELLS ARE SPECIFIED IS ARBITRARY
EXCEPT WHEN THE THERMAL STRUCTURE PROTOTYPE HAS FLUID
CELLS INTERACTING YITH BOTH SURFACES, 1IN THLS CASE
CELLS ARE PAIRED GFF IR THE DRDER IN WHICH THEY ARE
SPECIFIED. THE NUMBER OF CELLS EINTERACTING WITH ONE
SURFACE MUST EQUAL THE NUMBER OF CELLS INTERACTING
WITH THE DTHER SURFACE.

43 .

E2 2RSSR R EL R EREL LRSS LS S 2]

*# BOUNDARY VALUE INITIALIZATION CARDS =
PR ST E S PRI LRI RS AL E 2 ]

HAME

RVAL

1B, 1E
4B, JE
KB,KE

IF NO BOUNDARY VALUES ARE TO BE INITIALIZED WITH THESE CARDS
THE USER MUST INCLUDE A CARD WITH “END '+ IN COLUMNS 1-4.

LF BOUNDARY VALUES ARE TO BE INITIALIZED WITH THESE CARDS
THE ‘END - CARD MUST FOLLOW THE LAST BOUNDARY VALUE
INITEALIZATION CARD.

THE PUYRPOSE OF THIS SET OF INPUT CARDS IS TO PERMIT
INITIALIZATION OF BOUXDARY VALUES OF ANY OF THE ARRAYS LISTED
BELOW. UNIFORM TEMPERATURE AND VELOCLTY BOUNDARY CONDITIONS
CAK BE MORE EASILY SPECIFIED USING THE VARIABLES TEMP AND VELOC
IN NAMELLST /DATA/. E£ACH CARD IN THIS SECTION CONTALNS THE
FOLLOWING VARIABLES I¥ THE FORMAT (A4,F10.3,7E4).

NAME RVAL IB IE JB JE KB KE H

PB  ..PRESSURE, PA.
QB ..HEAT FLUX, UfMxx2,
RLE . .DENSITY, KG/M#x3.
VELB..MAGNITUDE OF THE VELOCITY NORMAL TO THE SURFACE
IN THE DIRECTION INDICATED BY XNORML(HM), YNORML(N),
AND ZHORMLCN), M/S.
HLB ..ENTHALPY, J/KG.
TLB ..TEMPERATURE, C.
ENG ..THLS CARD TERMINATES THE BOUNBARY VALUE INITIALIZATION
CARDS. IT MUST ALWAYS BE INCLUDED.
THE VYALUE TO BE ASSIGNED 7O THE VARIABLE NAMED.
THESE SEX VARIABLES ARE THE BEGINHING AND ENDING
I-, J-, AND K-INDICES THAT DEFINE A RECTARGULAR
SOLID COMPOSED OF ONE OR MORE CELLS. THE RECTANGULAR
SOLED THAT DEFIMES OR PARTIALLY DEFINES A SURFACE IS
THE ONE WHICH IS TOFALLY IRTERIOR AND ADJACENT TO,
OR PARTIALLY INTERIOR TD AND INTERSECTING THAT
SURFACE.
ROTE. THE SCHEME TO INDICATE SURFACES IR THE BOUNDARY
SURFACE IDENTIFICATION CARDS [S THE SAME AS
THAT USED TC@ INDICATE SYRFACES IN THE S0UNDARY
VALUE INITIALIZATION CARDS. THIS, HOWEVER, 15
DYFFERENT FROM THE SCHEME USED TO 1IRDICATE
SURFACES I[N THE INTERNAL CELL INITIALIZATION
CARDS. IN THE FORMER CASE, SURFACE ELEMENTS ARE
INDICATED BY THE CELL WHICH IS ADJACENT TO AND
ON THE SIDE POINTED TO BY THE SURFACE HORMAL.
IN THE LATTER CASE, CELL ¢1,J,K2
INDICATES THE SURFACE BETWEEN CELL (I.,J,K) AND
ELTHER CELL (I+i,Jd,K}, CELL (L,J+1,K), OR CELL
(1,J,K+1}, WHICHEVER IS APPROPRIATE FOR THE
VARIABLE BEING INITIALIZED. SURFACES LYING ONM
BOUNDARIES MUST NOT BE INITIALIZED WSING THE
INTERNAL CELL INITIALIZATION CARDS BUYT RATHER
THE BOUKDARY VALUE IRITIALIZATION CARDS.

THE SURFACE NUMBER OF THE BOUNDARY BEING SET.
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44
3 ROR O R O S NN R R R A RO K R R OO K
i * INTERNAL CELL INITIALIZ2ATION CARDS
IF N0 INTERNAL CELLS ARE TO BE INITIALIZED WITH THESE CARDS
THE USER MUST INCLUDE A CARD WITH “END * 1§ COLUHNS 1-4.
IF INTERMAL CELLS ARE TD BE INITIALIZED WITH THESE CARDS, THE
YEND * CARD MUST FOLLOW THE LAST INTERMAL CELL INITIALIZATION
CARD.
THE PURPOSE OF THIS SET OF INPUT CARDS IS TO PERMIT
INLTIALIZATION OF INTFRMAL CELL VALUES OF ANY OF THE ARRAYS
LISTED BELOW. EACH CARD DF THIS SECTION CONTAINS THE
FOLLOWING VARTAHLES 18 THE FORMAT ¢A4,€10.3,604):
NAME RVAL IB IE JB JE KB KE
NAHE AL ..VOLUME POROSITY, THE DIMENSIONLESS RATIO OF FLULID
VOLUME IN A CELL TO TOTAL CELL YOLUME. ¢1.0)
ALY ..SURFACE PERMEABILITY, THE DIMENSIOWLESS BATIO OF FREE
FLOW AREA TO THE TOTAL SURFACE ELEMENT AREA, BETWEEN
CELL CI,J,K) ANB CELL (I1+1,d,K). €1.0)
ALY ..SURFACE PERMEABILLTY, THE DIMENSIONLESS RATIO DF FREE
FLOWV AREA TO THE TOTAL SURFACE ELEMENT AREA, BETWEEN
CELL (1,4,K) AND CELL (1,J+1,X). €1.0)
ALZ ..SURFACE PERMEABILITY, THC DIMENSIONLESS RATIO OF FREE
FLOG AREA TO THE TOTAL SURFACE ELEMENT AREA, BETWEEN
CELL €1,J4,K) AND CELL (1,d,K+1). (1.0}
P ..PRESSURE MINUS IMITIAL STATIC PRESSURE, PA. €0.0)
QSOU..YOLUMETRIC HEAT SOURCE PER COMPUTATIONAL CELL VDLUME
DXCII*DYCIRDZLKY, W/ME%3. €0.0)
TL ..TEMPERATURE, C. (0.0)
UL ..U-COMPONENT OF VELOCITY, /S. (0.0)
VL ..V-COMPONENT OF VELOCITY, M/S. (0.0}
WL ..W-COMPORENT OF VELOCITY, M/S. (0.0}
END ..THIS CARD TERMIMATES THE INTERMAL CELL INITIALIZATION
CARDS., IT MUST ALWAYS BE INCLUDED.
RVAL THE VALUE TG BE ASSIGNED TO THE VARIABLE NAMED.
18, 1E THESE S1X YAR!ABLES ARE THE BEGIMNING AND ENDING I-,
SB,UE J-, AND K-LNDICES THAT DEFINE A RECTANGULAR SOLID
KD, KE COMPOSED OF ONE OR MORE CELLS.
NOTE. THE SCHEME TO INDICATE SURFACES IN THE BOUNDARY
SUREACE IDENTIFICATION CARDS 1S THE SAME AS
THAT USED TO INDICATE SURFACES LK THE BOUHDARY
VALUE IWITEALIZATION CARDS. THIS, HOWEVER, IS
DIFFERENT FROM THE SCHEME USED TO INBICATE
SURFACES LN THE INTEZNAL CELL INITIALIZATION
CARDS. IN THE FORHMER CASE, SURFACE ELEMENTS ARE
INOLEATED BY THE CELL WHICH IS ADJACENT TO AND
ON THE SIDE POINTED TO BY THE SURFACE NORHAL.
IN THE LATTER CASE, CELL (I,4,K)
INDICATES THE SURFACE BETWEEM CELL (I,J,K> AND
EITHER CELL (I%1,4,K), CELL ¢I,4+1,K), OR CELL
€1,J,K+1), WHICHEVER 1$ APPROPRIATE FOR THE
VARIABLE BEING INITIALIZED. SURFACES LYING ON
BOUNDARIES MUST NOT BE INITEALIZED USING THE
INTERNAL CELL INITEALIZATION CARDS BUT RATHER
THE BOUNDARY VALUE INITIALIZATION CARDS.
1
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* CONTROL PARAMETERS AT A GLANCE =
EERERRRR KR CE SRR R R R AR KRR R

THE Tw0 TABLES BELOW ARE LNCLUDED TO CLARIFY THE ROLE OF
SOME OF THE CONTROL PARAMETERS. THE VALUES INDICATED,

WHILE NOT GUARAMTEED, ARE OMES THAT HAVE BEEN FGUND TO

WORK 1N MANY APPLICATIONS. THE USER IS ENCOURAGED TO
OPTIMIZE THESE PARAMETERS ACCORDING TO APPLICATION.

A DOUBLE ASTERISK INDICATES THAT THE PARAMETER 18 NOT USED.
A VALUE ENCLOSED IN BRACKETS r (O ENDICATES THAT THE DEFAULT
VALUE IS DIFFERENT AND THAT THIS VALUE MUST BE EXPLICITLY
SPECIFIED Id THE INPUT. FOR EXAMPLE, THE DEFAULT FOR RDTIME
1§ 0.8. WHEN RUNNING WITH 1SYMCH=3 HOWEVER, THE RECOMMENDED
VALUE OF RDTIME 18 10,0. THEREFGRE IN NAMELIST /DATA/ THE
SPECIFICATEON 'RDTIME=10.0‘ MUST APPEAR.

+--TINE STEP LOOP

NTHAX 99999
TIMAX J.6E+7
IDTIME 1
TSTART 0.0
DT(1) 0.1
DT (2} 0.1
LASTDT 99999
RDTIME 0.8
NTHCOH -1

+--HASS-MOMENTUM ITERATION

--END OF ENERGY SOLUTION

|

|

|

|

|

|

|

|

|

|

|

| |

| | ISYMCH

I | |

| | F-rmmo For +
! I [ [ |

| | 0 1 2
| f

| IOITaD i0 10 10
| FoITey i0 10 10
[ t LASTIT 99999 99999 99949
| I OMEGA 0.95) 1.5 1.5
t | IDDOP 1 1 1
i I DLCUT *K L 0.5
l I EPS1 1.0E-4 1.0E-4 1.0E-4
t +--END OF MASS-MOMENTUM ITERATION

1

! +--ENERGY SOLUTION

i |

I | LFITEN

| | |

| | LA Rl +
I | | | !

| | 0 1 2
| I DDOHMX LEd 0.0 0.0
] +

|

+

--EXD OF TIME STEP LOOP

+--TIME STEP LOOP

I HTHAX
I TLHAX

99999
3.6E+7

—100—
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IDTIME 1
TSTARY 0.0
DTC1) 0.1
DT(2) 0.1
LASTDE 99999
ROTIME (10.0)
NTHCON -1

+--0UTER ITERATION LODP

IT(D 1)
IT(2) {1
LASTIT 99999
OMEGAV 0.8

+--PRESSURE ITERATION LOOP

|

| ISYMCH

| |

| t------- +
| | |

| 3 4
|

I ITHAXP 99 a9
I OMEGA 1.5 (0.95)
I EPS1 1.0E-4 1.0E-4
¥

--END OF PRESSURE ITERATION LOOP

OMEGAE .8

|
|
|
|
|
!
|
l
!
!
|
[
t
t
I
I
[
f
|
| +--ENERGY ITERATLO¥ LOOP
I
|
|
I
|
|
1
I
|
l
|
+

o s o o —m — — — — — — — — — e e e ke em e e e e e e e

|
| IFITEN
| I
| 3
|
I ITHAXE 99
I RELAXE 0.95
I EPS5 1.0E-5
I--END OF ENERGY ITERATION LOOP
EPS3 5.0E-5
--END OF QUTER ITERATION LOOP
--END OF TIME STEP LOOP
1
49
ESEEFEF SIS ES LSS EES EE S
% STEADY-STATE DEFINITION %
KR KA R KK R ORI
STEADY-STATE I8 REACHED WHEN THE FOLLOWING CONDITIONS ARE MET:
1. DL < 1.0 WHERE DL=MAXIMUM CELL RESIDUE/DCONV,
DCORV=EPS1#C(UVWMHAX+1.0E-6), AND UVWHAX IS COMPUTED
IN SUBROUTINE CUTOFF.
2. THE CHANGE OF THE U-VELOCETY COMPOMNENT DIVIDED BY THE
MAXIMUN VELOCITY MAGHITUDE IN THE ENTIRE FIELO IS LESS
THAN EPS3.
3. THE CHARGE OF THE VY-VELOCITY COMPONENT DIVIDED BY THE
HAXTIHUM VELOCITY MAGNLTUDE 1IN THE ENTIRE FIELD 18 LESS
THAN EPS3.
4. THE CHANGE OF THE W-VELOCITY COMPOMENT DIVIDED BY THE
HAXTHUN VELOCITY HAGNETUDE IN THE ENTIRE FIELD 1§ LESS
THAN EPS3.
5, HAX1MUM (DH/H) < EP$3
WHERE # IS THE CURRENT ENTHALPY AND DH IS THE CHANGE
IN ENTHALPY OVER TWO CONSECUTIVE TIME STEPS,
1
50

ARFEREERNEHRE IR MR

* ERROR MESSAGES =
EREERER KL KRR KR KR

*1F SOMETHING CAH¥ GO WRONG, 1T WILL,
AND USUALLY AT THE WORST POSIBLE TIME.-
: HURPHY

THE FOLLOWING TABLE GIVES A LISTING OF THE ERROR MESSAGES

PROCESSED BY SUBROUTINE ERRCHK. IT IS INTENDED THAT THIS
SECTION WILL BE EVER EXPANDING THUS MAKING THE RUNNING OF
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10

11

12

13

14

15

16

17

18

19

COMMIX-1A EASIER. 1IN MANY CASES, RELEVANT INFORMATION IS
PRINTED OUT IN THE LINE(S) BEFORE THE ERROR MESSAGE BLOCK. WHEN
APPROPRIATE, THE ERROR MESSAGES BELOW REFER TD THE VARIABLES
IN TH1S INFORMATION LIME. VARIABLES ARE IDENTIFIED B8Y THEIR
TYPE (R FOR REAL, I FOR INTEGER, AND A FOR LITERAL) AND THEIR
RELATIVE POSITION (1 THRDUGH 12) 1M THE LINE. FOR EXAMPLE,
A1,R2,13,14,15,16,17,18,19 WOULD BE USED YO REFER TO VARIABLES
PRINTED EM THE FOLLOWIRG LIKE:

ALX 1.0 3 4 2 8 1 9 6

SUBROUTINE ERROR DESCRIPTIOR

RESTAR 1N READING THE RESTART FILE, A BLOCK FROM COMMON /SPACE/
WAS FOUND TO HAVE A LENGYH DIFFERENT FROM THAT SPECIFEED
ON THE RESTART FILE.

AMALN BOILING 1S STARTING TO OCCUR.

AMAILN DTIME IS LESS THAN OR EQUAL TO ZERO. CHECK NAMELIST
IDATA/ ARRAY DT FOR USER SPECIFIED TIHE STEP SIZE OR
10TIME AND RDTIME FOR CODE DETERMINED TIME STEP SIZE.
1K ORDER TO RUN WITH IDTEME=1 THERE MUST BE A NOMZERD
VELOCITY SOMEWHERE OM THE BOUMDARY OR IN THE INTERIOR.
IF MOME EXISTS THEN ONE MUST SET 1DTIME=0 AND SPECIFY
A TIME STEP SIZE IHN DT.

BARIK SURFACE SPECLFIED LS OUTSIDE OF THE RANGE EXPECTED ON
BOUNDARY VALUE INITIALIZATION CARDS.

BARIN THE SURFACE INDECATED ON A BOUNDARY VALUE INITIALIZAYION
CARD HAS ND SURFACE ELEMEKT OR AREA.

BARIN INVALID VARIABLE NAME ON BOUNDARY VALUE INITEALIZATION
CARD. .

BARIN BOUNDARY VALUE ENITIALIZATION CARD CONTAINS AM INTERNAL
CELL INITIALIZATION EARD VARIABLE MAME.

BARIN INVALID VARIABLE HNAME ON INTERNAL CELL INIVIALIZATION
CARD.

BARIN INTERNAL CELL INITIALIZATION CARD CONTAINS A BOUNDARY
VALUE INITIALIZATION CARD NAME. .

ALLOC THE DIMENSION OF VARIABLE S I¥ COMMON /SPACE/ IN
SUBROUTIRE ALTER IS TOO SMALL FOR THE INPUT VALUES
FOR THIS RUN. CHANGE TH1S DIMENSION TO THE VALUE
INDECATEDR EN THE PRINTOUT, RECOMPILE, RELINK, AND RERUN.

BOXES ONE OF THE INDICES OFf THE ABOVE BOUNDARY SURFACE
SPECIFICATION CARD 15 OUTSIDE OF GNE OF THE FOLLOWING
RANGES:

I=1, IMAX J=1,JHAX K=1,KMAX N=1,NSURF,
OR ONE OR MORE OF THE BEGINNING INDICES 1§ GREATER THAM
THE CORRESPONDENG ENDING INDEX.
I.E., I8 > IE OR JB > JE OR KB » KE..

. 51

BOXES WHELE PROCESSING THE CARD PRINTED ABOVE THE ERROR
BOX A SURFACE ELEMENT WAS FOUND TO BE SPECIFLED AS
BEING CONTAINED IN TWO SURFACES. THE CELL AND SURFACE
IDEHTIFIERS ARE (I1,12,13) AND 14 AND IS5 ON THE SECOND
LINE.

BOXES ON BOUMDARY SURFACE IDENTIFICATION CARDS, SURFACES MUST
BE SPECIFLED S0 THAT SURFACE HUMBERS ARE IN INCREASIRG
SEQUENTIAL ORDER WITH ALL IRREGULAR SURFACES PRECEDING
REGULAR SURFACES.

ERRCHK ONLY FIFTEEN CALLS TO ERRCHK ARE ALLOWED BEFORE
TERMIMATION. THIS NUMBER CAM BE INCREASED BY CHANGING
THE VALUE OF NCALLS IN SUBROWTINE ERRCHK.

FILLH ONE OF THE 1NDICES I, J, OR K 1§ DUTSIDE OF ITS
EXPECTED RANGE 1-IMAX, 1-JMAX, OR 1-KMAX RESPECTIVELY.
THIS ERROR USUALLY DCCURS WHEN THE BOUMDARY SURFACE
IDEMTIFICATION CARDS HAVE LEFT A HOLE IN THE BOUNDARY.
RECHECK THE BOUNDARY SURFACE LDENTIFICAYION CARDS FOR AN
UNDEFINED OR INCORRECTYELY DEFINED SURFACE AND SEE THE
APPENDIX SECTION EMTITLED FINDIKG HOLES IN THE BOUNDARY.

ERRCHK ONLY -FIFTEEN CALLS TO ERRCHK ARE ALLOWED BEFORE
TERMINATION.

FILLH THE TOTAL NUHBER OF CELLS COUNTED IN FILLM HAS
EXCEEDED THE UPPER BOUND OF IMAXwJMAX*KMAX. RECHECK
THE BOUMDARY SURFACE IDENTIFICATION CARDS.

FILLH EXCESSIVE YRAP AROUND IN THE THETA DIRECTION.
RECHECK THE BGUHDARY SURFALE IDENTIFICATIOR CARDS.
ALSD ASSHRE THAT ALL SURFACE HORMALS ARE POINTING IHTO
THE CALCULATIONAL AREA.

FILLH TIME HAS RUN OUT WHILE ATTEMPTIHG TO WUMBER THE CELLS
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

BOXES

BOXES

FILLM

ALLOC

IHITAL

INITAL

INITAL

INFORC

IREBAL

IREBAL

IREBAL

IREBAL

INITAL

IREBAL

IRITAL

DUTRUT

IN FILLM. THIS PROBABLY HAS BEEN CAUSED BY AN INPUT
ERROR IN THE BOUNDARY SURFACE IDENTIFICATION CARDS.

THE MUMBER OF SURFACE ELEMENTS HAS EXCEEDEfR THE VALUE
OF NL1 AS SPECIFEED IN WAMELIST /DATA/. [IF THE LINPUT
VALYE 1S CORRECT CHECK THE BOUMDARY SURFACE
IDENTIFICATION CARDS FOR POSSIBLE ERRORS.

THE NUMBER OF CELLS HAS EXCEEDED THE VALUE OF NM1 AS
SPECIFEED IM NAMELIST /DATAY. IF THE LNPUT VALUYE 18
CORRECT CHECK THE BOUNDARY SURFACE IDENTIFICATION CARDS
FOR POSSIBLE ERRORS.

THE RUMBER OF CELLS HAS EXCEEDED THE VALUE OF NMt AS
SPECIFIED IN NAMELIST /DATA/. IF THE INPUT VALUE IS
CORRECT CHECK THE BOGUNDARY SURFACE IDENTIFLCATION CARDS
FOR POSSIBLE ERRORS.

CHANGES I HM1, NL1, IMAX, JMAX, AND KMAX ARE NOT
ALLOWED WHEN RESTARTING (IFRES=2 OR IFRES=3).

WHEN USIRG THE SIMPLIFIED PROPERVIES OPTION YOU HMUST
INPUT NONWZERD VALUES FOR FCOH, FC1H, FCORO, FCOK, AND
FEOMU. BE AVARE THAT THE SIMPLIFIEDR PROPERTIES OPTIOR
COHPUTES PROPERTIES AS A LINEAR FUNCTION OF TEMPERATURE
ONLY AND AS SUCH WUST BE USED WITH EXTREME CAUTIDN!

ALt SURFACES, ¥, WITH A TRANSIENT DUCT WALL TEMPERATURE
BOUNDARY CONDITION, KTEMP(M)=500, MUST HAVE POSITIVE
VALUES TKPUT FOR: THE MATERIAL NUMBER, MATWAL(M):

THE FLUID-STRUCTURE HEAT TRANSFER CORRELATION NUMBER,
THTWAL CH); THE DUCT WALL THICKMESS, WALLDX(N); AND THE
CHARACTERISTIC LENGTH, HYDWALCN), M, HMATWALCH),

THTWAL CNY, WALLDXCN), AND HYDWAL{N) ARE PRINTED ABOVE
THE ERROR MESSAGE AS It, I2, 13, R4, AND RS.

52
A NONPOSETIVE VALUE OF TEMPO HAS BEEN FOUND 1IN INITAL.
SET TEMPO TO SOME POSITEVE VYALUE IN NAMELLIST /DATA/.
AN INVALID INPUT CARD HAS BEEH ENCOUNTERE® IN SUBROUTINE
INFORC WHILE READING THE FORCE STRUCTURE SPECIFLCATION
CARDS. THE FIRST FEELD HM#ST CONTAIN EITHER ‘XFOR‘,
‘YFOR’, “ZFOR’, OR *ERD *, THE IHDICES IB AND IE,
JB AND JE, AND KB AND KE MUST BE 14 THE RARGES 1 THROUGH
IMAX, 1 THROUGH JMAX, AND 1 ¥THROUGH KMAX RESPECTIVELY.
THE INVALID CARD PRINTED ABOVE THE MESSAGE IS IGNORED
AND EXECUTION CONTINUES, '
AN INVALID INPUT CARD HAS BEEN ENCOUNTERED IN THE
REBALANCING REGION CARDS. OME OF YHE FOLLOWING ERRORS
HAS BEEN SENSED: STRINGS OTHER THAM ‘REBM’, ‘REBX’,
"REBY’, *REBZ’, OR ‘EHD * 1% COLUMNS 1 THROUGH 4;
GNE OF THE INDECES W, 18, 1€, J8, JE, KB, OR KE IS OUT
OF ITS APPROPRIATE RANGE (1-NREBRTY,- (1,1IMAX), (1,JMAX),
(1,KMAX); IB > IE, JB » JE, OR KB > KE. THE CARD
PRINTED ABOVE THE ERROR MESSAGE I8 EGNORED AND
PROCESSING CONTINUES.
A CELL NUMBER (M) COULD HOT BE FOUND FOR THE CELL WITH
IRDICES (1,4,KY, WHERE I-19, J=I10, AKD K=111 FROM THE
LINE PRINTED ABODVE THE ERROR MESSAGE. EXECUTION
CONTINUES AT THE MNEXT CELL.
HORE CELLS HAYE BEEN FOUND IN THE REBALANCING REGION
(SURFACE) SPECIFIED IN THE REBALANCING REGION CARDS THAN
SPECIFIED BY NREBM (NREAX, NREBY, QR NREBZ) IN THE
REBALANCING OPTION SECTIOM OF NAMELIST /DATA!.
EXECUTION TERMINATES,
THE REBALANCING REGIONS AND SURFACES AS SPECIFIED BY THE
VARIABLES OF THE REBALANCING OPTLON SECTION OF MAMELIST
{DATA/ ARE IMCONSISTENT WITH THE REGIONS AND SURFACES
AS SPECIFIED BY THE REBALANCING REGION CARDS. A
COHPARISON OF THE TOTALS CAN BE FOUND IMN THE TABLES
ABOVE THE ERROR MESSAGE. EXECUTION TERMINATES.
ISTATE HAS BEEN FOUND TO BE © WHILE ATTEMPTING TO
RESTART FROM A PREVIOUS RUN, IT HAS BEEN RESET BY THE
CODE 70 1. VERIFY THAT THIS IS AN ACCEPTABLE FIX.
EXECUTION CONTINUES.
THE VALUE OF IFREB MUST BE AT LEAST AS LARGE AS THE SUM
OF NREBHC(H), RREHX(MN), NREBYCN) AND NREBZ(M) FOR ALL
REGEONS N. THE INPUT VALUE AND MINIMUM ACCEPTABLE vALUE
ARE PRINTED EN THE REBALANCING SUMMARY ABOVE THE ERROR
MESSAGE. RESET IFREB AND RERUMN.
NiLt AND HM1 MUST ROT BE SPECYFIED IN HAMELIST /GEOM/
WHEN RESTARTING FROM A PREVIOUS RUN WITH ISTATE>O.
REMOVE HNL1 AHD NM1 FROM NAMELIST /GEOHM/ AND RERUN,
THE VALUE 11 IS AM INVALID VALUE QF LSTPR OR NTHPR.
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36

37

38

39

40

41

42

43

a4

45

46

47

48

INPSTR

INPSTR

INPSTR

HLEQ

HLiG

TLie

T8AT2

T&CAaN

INPSTR

INPSTR

TSCAR

TSCAHN

TSCAN

SPECIFICALLY, THE VWV FIELD 15 HOT DEFINED. THE VALUE
IS IGNORED AND PROCESSING CONTINUES.

THE GAP TYPE (IGAP(NG)) LAST PRINTED IS QUTSIDE THE
EXPECTED RANGE OF 1 THROUGH NGAPTY. EXECUTION
TERMINATES.

THE HATERLAL TYPE (MATERLCNRI}> LAST PRINTED IS OUTSIDE
THE EXPECTED RANGE OF 1 THROUGH NMATER. EXECUTION
TERMINATES.

THE PARTITEOH SIZE (DRPARCNRIY) LAST PRINTED MUST

HAVE A POSITIVE VALUE. EXECUTION TERMENATES.

53
THE WAYER PROPERTY ROUTINE HLIQ WAS CALLED WITH A
TEMPERATURE GREATER THAN 340.0 DEGREES C. THIS IS
QUT OF THE RAMGE OF THE CURRENT VERSION OF HLIQ.
EXECUTION TERMINATES.
THE WATER PROPERTY ROUTINE HLEQ HAS FAILED TO CONVERGE
IN ONE HUNDRED ITERATIONS, EXECUTION TERMIMATES.
THLS ERROR IS PROBABLY CAUSED BY BAD VALUES BEING FED
INTO THE ARGUMENTS OF HLIQ.
THE SODIUM PROPERTY FUNCTION FLI® HAS FAILED TO
CONVERGE I¥ ONE HUMNDRED ITERATIONS. R1, R2, R3, R4,
AND RS ARE THE GIVEN ENTHALPY, PRESSURE, INITIAL
TEMPERATURE GUESS, LAST GUESS OF ENTHALPY, AND
SPECIFIC HEAT RESPECTIVELY. EXECUTION TERMINATES.
THE SODIUM PROPERTY FUNCTLIOH# TSAT2 WAS UNABLE TD
COMPUTE THE SATURATION TEMPERATURE GIVEN PRESSURE.
R1 AND R2 ARE THE PRESSURE AND THE LAST ITERATE OF
SATURATION TEMPERATURE. EXECUTION TERMINATES.
ON DF THE FOLLOWING INPUT RULES FOR THERMAL
STRUCTURES HAS BEEW VIOLATED:
TYPE NAMELISTS CAM OWLY APPEAR FIRST, AFTER FLUID
NAMELEST AND AFTER MATERIAL NAMELISTS. THE GEOMETRICAL
CHARACTERISTICS, EXYZ, MUST BE ONE OF THE FOLLOWING
VALUES: 1, 2, 3, 1%, 12, 13, 101, 102, 103.
FLUID NAMELISTS CAN ONLY APPEAR AFTER TYPE AND MATERIAL
HAMELISTS. EACH THERMAL STRUCTURE MUST HAVE AT LEAST
ONE MATERIAL REGION., TYHE THERMAL STRUCTURE PROTOTYPE
CARDS MUST TERMINATE WITH AN ‘END * CARD.
WHEN COMPUTING AREAS AND VYOLUMES OF THE PARTITIONS
OF THE THERMAL STRUCTURE MATERIAL REGIONS AN INNER
RADIUS WAS FOUND TO BE LESS THAN -1.0E+4x0UTR, WHERE
OUTR WAS TE OUTER RADIUS AS SPECIFIED ON THE TYPE CARD.
CHECK THE THERMAL SYTRUCTURE INPUT FOR OUTR, DRPAR,
AND NMPAR. 1F NO ERRORS ARE FOUND HERE CHECK THE ENTIRE
THERMAL STRUCTURE PROTOTYPE INPUT. THE NEGATIVE RADIUS
18 RESET TD ZERD AND EXECUTION COWTINUWES. SEE ERROR
NUMBER 45 FOR A LIST OF THE VARIABLES PRINTED ABOVE
THE ERROR BLOCK.
YHEN COMPUTING AREAS AND VOLUMES OF THE PARTITIODNS
OF THE THERMAL STRUCTURE HATERIAL REGIONS AN INNER
RADIUS WAS FOUMD TO BE LARGER THAH THE OUTER RADIUS,
CHECK THE THERMAL SYRUCTURE 1HPUT. THE IHNER RADIUS
18 RESET TO THE OUTER RAPIUS EHD EXECUTIOR CONTLNUES.
THE PARAMETERS PRINTED ABOVE THE ERROR BLOCK ARE:
M - STRUCTURE NUMBER, IREG - REGION NUMBER, 1PAR -
PARTITIOR NUMBER, DUTR(N) - DUTER RADIUS, .DR -
REGLON SIZ2E, ROUT - QUTSIDE RADEUS, RIN - INNER
RADLUS,
AN INVALID THERMAL STRUCTURE LOCATION CARD HAS BEEMN
FOUNB. ELTHER AN IHDEX 1§ OUT OF RANGE, OR THE LOC
VALUE IS INVALID (MUST BE EYTHER ’'OUT- OR *I¥7), OR
THE HUM VALUE DOES HOT HMATCH THE NUMBER OF ANY THERMAL
STRUCTURE PROTOTYPE.

i 54
A THERMAL STRUCTURE PROTOTYPE HAS BEEN ENCOUNTERED
YHICH HAS FLUID CELLS INTERACTING AT BOTH OUTSIDE AND
AND INSIDE SURFACES, HOWEVER, THE NUMBER DF CELLS
INTERACTENG WITH THE OUTSIDE SURFACE DOES NOT EGUAL
THE WUMBER OF CELLS INTERACTING WITH THE INSIDE SURFACE.
11, 12, I3, AHD I4 ARE THE STRUCTURE NUMBER, SURFACE
INTERACTIOR CODE, NUMBER OF CELLS IHTERACTIRG WITH
SURFACE 1, AHD NUMBER OF CELLS INTERACTING WITH
SURFACE 2.
THERMAL STRUCTURE PROTOTYPE CARDS ARE IRCONSISTENT WITH
THE THERHMAL STRUCTURE LOCATION CARDS. ELYHER THE TSP
CARDS SPECLFY ONLY CELLS INTERACTIHG WITH THE QUTSIDE
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49

50

31

52

53

54

LEEE S $
® STOR
[EF 3 3

SURFACE AND THE TSL CARDS SPECIFY SOME CELLS INTERACTING
WITH THE INSIDE SURFACE, OR THE TSP CARDS SPECIFY ONLY
CELLS IMTERACTING WITH THE INSIDE SURFACE AND THE TSL
CARDS SPECIFY SOME CELLS INTERACTING WITH THE QUTSIDE
SURFACE. THE VALUES PRINTED ABOVE THE ERROR HESSAGE

ARE THE SAME AS THOSE IDENTIFIED IN ERROR 47.

INPSTR THE THERHAL STRUCTURE LOCATIOM CARD PRINTED ABOVE THE
ERROR MESSAGE BOX INDICATES A CELL WITHIN THE RANGES
OF THE IHDICES WHICH IS NOT A VALID CALCULATIORAL- CELL.
THE SPECIFIC 1, J, AND K INDICES ARE PRINTED OUT AS
19, 110, AND I11. THIS CELL IS IGMDRED AND EXECUTIOHN
CONTIRUES. THE RESULTS WHICH FOLLOW ARE LIKELY
INCORRECT.

INITAL NEW THERMAL STRUCTURES, REBALANCING REGIONS ARD FORCE
STRUCTURES CAM BE INPUT ONLY AT THE BEGINMING OF A RUN
¢(ISTATE=0) OR THE BEGINNING OF A TRANSIENT (1STATE=2).
NEWTS, NEWREB, AND NEWFOR HAVE BEEN RESET YO ZERC AND
EXECUTIOR CONTEMUES.

FILLH THE BOUNDARY SURFACE IDENTIFICATION CARDS HAVE DEFINED
A SINGLE SIDED INTERIOR BOUNDARY SURFACE BETWEEN CELLS
I1 AND I2. CHECK TO SEE THAT ALL SURFACES YOU HAVE
OFFINED BOUND CALCULATIDNAL CELLS. ALSC BE SURE THAT
ANY INTERIO® SURFACE HAS CALCULATIDNAL CELLS ON BOTH
SIDES OF IT. REREAD THE BOUNDARY SURFACE IDENTIFICATION
CARD IXPUT SECTION AND CHELK YOUR IXPUT. EXECUTION
CONTINUVES HOWEVER SUBSEQUEKT RESULTS ARE QUESTIOHABLE.

INTURB WHEN USING THE ONE-EQUATION TURBULENCE MODEL, ALL
INTERNAL VELOCITIES MuUST BE INITIALIZED TD RONZERO
VALUES. )

TSCAHR CURRENTLY ONLY 100 THERMAL STRUCTURE PROTOTYPES
ARE ALLOYED. IF MORE IS NEEDED, CHANGES MUST BE HADE
IH COMMON /REBALS/ IN SUBROUTINE ALLDC ARD INPSTR
EXECUTION TERMINATES.

TSCAN ERRORS HAVE BEEN FOUND IN THE ORDER OF THE THERMAL
STRUCTURE PROTOTYPE INPUT. THESE MUST BE RESOLVED
BEFORE EXECUTION CAM CONTINUE.

35
EEEEITELEET LS 21T

AGE ALLOCATION =
EXRERREREERRR LR

IN ORDER T EASE THE TASK OF CREATING LOAD MODULES (BINARY
FILES) TO FIT THE SIZE OF THE PROBLEW BEING CONSIDERED, A
QUASE-DYNAMIC STORAGE ALLOCATION SCHEME HAS BEEN IMPLEMENTED.
SPACE FOR MOST OF THE GEOMETRY DEPENDERT VARIABLES IS ALLOCATED
IM THE VARIABLE S OF COMMON /SPACE/. THE ADDRESS OF EACH
YARIABLE 1S COMPUTED AT THE BEGINNING OF EACH RUN. THESE
ADDRESSES ARE THEN PASSED INTO CALLED SUBRQUTINES WHERE THE
VARIABLES ARE MAMED AND VARIABLY DIMENSIONED. THE TOTAL LENGTH
WECESSARY TD RUN THE PROBLEM 15 COHMPARED WITH THE STORAGE
AVALLABLE IN COMMON /SPACE/. IF THE AVAILABLE STORAGE IS
INADEQUATE, EXECUTION TERMINATES WITH A MESSAGE INDICATIHG THE
SPACE REGUIRED. BY CHANGING THE DIMENSION OF § IN SUBROUTINE
ALTER TO THE VALUE INDLICATED, AND THEN RECOMPILING AND RELINKING
ALTER YO THE EXISTING LOAD MODULE, A NEY LOAD MOBULE OF THE
REQUIRED SIZE CAM BE OBTAINED.

THE FOLLOWING TABLE SHOWS A LIST OF THE VARIABLES WITH SPACE
ALLOCATED 1N VARIABLE S OF COMMOM FSPACE/. THE DIMENSION OF
EACH YARIABLE 15 INOICATED AS I8 THE INDEX OF VARLABLE IS
WHICH CONTAINS THE S OFFSET ADDRESS OF THE VARIABLES. IF ANY
CHANGES ARE MADE IN THLIS AREA, ONE MUST ASSURE THAT
CONSESTENCY IS MAENTAERED [N THE FOLLOWING AREAS;

SUBROUTINE COMMENTS

HAIN SET THE ADDRESSES.

MAIN . DETERMINE THE SPACE AVAILABLE.

MAIN PASS THE VARLIABLE ADDRESSES. . . -

TIHSTP SUBRDUTINE CALL STATEMENTS WITH ARGUMENTS

OF THE TYPE SCISCN)) WHICH PASS WORKIMNG SPACE.

RESTAR STATEMENT: NEEDED=I§(85)
VARIABLE VARIABLE INDEX VARIABLE 1RDEX VARIABLE INDEX
DIHENSION HAME HAME NAME

NM1

HMIP 1 HIM 2 MJP 3
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HIM 4 MKP 5 MKM 6
1JK T IpoDL 8 IFORCE 9
MSWEEP 10 MREB 11 12
ALX 13 ALY 14 ALZ 15
AL 16 RL 17 v 18
VL 19 WL 20 oL 21
HL 22 TL 23 SROT 24
ARUL 25 ARVL 26 ARWL 27
REALB 28 asouR 29 buoOPOY 30
DDDH 31 DARU 32 0ARV 33
DARY 34 PSTATO 35 TURK 36
TURVIS 37 UYIRE 38 VWIRE 39
WWIRE 40 TURCON 76
1
56

NM1 (R¥8) P 41

NE1 [21:] 42 ISURF 43 AREA 44
RLB 43 VELBN 46 QaBN 47
HLE 48 TLB 49 PB 50
TURKB 51

NTSEP 1TsCB 52 HYDRA1 53 HYDRAZ 54
RODFR 55

NPAR STAREA 56 STvOL 57

NREG MATERL 58 HEAT 59 S12€ © 64

NSUR ICEL 65 HSTREL &6

NTTS T8 T

NFORCE ICORR 60 CLENTH 61 REYLEN 62
FORCEF 63

RHM1 C(R*B) AC1 67 AC?2 68 ALC3 69
AC4 70 ACS 71 AC6 72
ACO 73 BCO T4

HIJK DUMMY1 75

1
57

KR OK  CR R K R Ok ko R

# CALLING SEQUENCE
EEKHRERKRERE KA KRR K

THE FOLLOWING TABLE INDICATES THE STRUCTURE OF COMMIX-1A

BY SHOWING THE CALLING SEGQUENCE OF THE SUBROUTINES. CALLS 70
THE PROPERTIES ROUTINES AND ERRCHK ARE NOT INDICATED. ALSD
MULTIPLE CALLS MAY NOT BE ENDICATED. AN ASTERISK FOLLOWING

A NAME INDICATES THAT THE CALLS FROM THAT ROUTINE HAVE BEEN
PREVIDUSLY LISTED.

HAIN
LOCF
CLEAR
LOCF
TSCAN
ALTER
LOCF
AMATR
GEOM3D
BOXES
FILLK
SHOME
TLEFT
QTRPIN
FLILLM *
RARRAY
INTWIR
WIRE
WIRVOL
WIRE
RARRAY
GETWIR
THETAS
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8CTURB
TKLOOP

TURVIi
ENLODOP

TLEFT

BCTEMP
TSTRUC
MALOOP

BCTURB
TKLOOP
TURVI1
BCTEHO
DLLALC

YMOWI

ZMONI

PEQN
GETDL
REBAZG

REBAZ

GETDL
SOLVIT

GETOL
MOMENI
BCFLOW

TSHEAR
TKSORC
TKENER

SOLVEN

BCTEMT
ESORLCE

ENERGI
SOLVEN

¥

DLCALC
XMOM

YHOH

IMOH

Gpoap

MOMENT
BCFLOT
BCFLOW
REBALX

REBALY

REBALZ

REBAL

DLEALC
HOHENT
BCFLOW
TLEFT

BCPRES

WLFNCV
FORCES

WLFRCV
FORCES

WLFNCV
FORCES

GETDL
TOMA

GETDL
TDMA

REBAZIG =*
REBAZ %
GETDL

WLENCK

GETF
BCTEMD =
QSTRUC =

FORCES
FORCES

FORLCES

MOMENT
BCFLOW

MOMERT
BCFLOW

MOMENT
BCFLOW

DLCALC
MOMENT
BCFLOW
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INITAL

HSTRUC
TSTRUC

Q§TRUC

INITZM

INTURB
TURVI1
QUTPUT

GDLONY
GDDDH

PLTAPE
TLEFT

WATSTP
GDCONY
TIMSTP

FULPIN

TLEFT

MARRAY
IARRAY
RARRAY

NPROPS
RESTAR

FITIT

GETF
QGENER

IREBAL
INFORC
INPSTR
ICTEMP
BARIN

BCFLOT

GDDOP
BCTEMT

BCTEMO

BCTEMP

BCFLOW
BCPRES

GETF

GETF

BCPRES
BCTEHMG
BCTEMP
BCFLOT
HSTRULC
TSTRUC
asTRUC

GETF
RARRAY
RSURFO
1SURFO
LBLE
PSTRUC

BCPRES
MoLOoOP

FILLM #
RARRAY

LOCF
PLTAPE

1C8sScu

AXHEF
RARRAY

DSET3
RSET3
ISET3
DSET2
RBETZ
ISET2
REDEF

GETF

GETF
GETF
apucTy
GETF
DUCTUA
GETF

GETF

A 1

*

BCFLOT =%
XMOHMI
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GDDDH
ENERGY
BCTEMT =
HSTRUC
GETF
BCTEMO =
GSTRUC =
BCTEMP =
TSTRUC =
TLEFT
WATSTP
PLTAPE
BOIL
WATSTP
WATTIM
OUTPUT =
TLEFT
RESTAR =
WATSTP
oUTPUT =

58
0 M e R K K RO

# OVERLAY STRULTURE *
UK K K A KK KKK R KKK

THES SECTION GIVES ONE POSSIBLE OVERLAY STRULTURE FOR COMMIX-1A.
1F TR1S IS FOUND TO BE LMSUFFICIENT ONWE AN USE THE PRECEDING
SECTION T HELP REDESIGN AW ALTERNATIVE SCHEME. WHEHW USING

A VIRTUAL MEMORY OPERATING SYSTEM, USER DEFIRED OVERLAYS ARE
PRODABLY UNDESIRABLE.

INSERT MAIN,ERRCHX,LOCF
INSERT 14VAR,R4VAR,E4ARY, RA4ARY, SPACE
INSERT MACHIN,REBALS,CCORR,CHEATC,ADDCON
OVERLAY ONE
INSERT CLEAR,TSCAN,ALTER
OVERLAY OKE
INSERT AMAIM,TLEFY,RARRAY,RESTAR,PLTAPE,BOIL,TURVI1
INSERT BCFLOT,BCFLOW,BCPRES,BCTEMP,BCTEMT,BCTEMO
INSERT GETF,DUCTWA,QDUCTY,GDCONY,GDDDK,GDDDP, WATTIM, WATSTP
INSERT CPLIQ,DRODHL,HLIGQ,PSAT1,ROLIG, THCLIG, TLIG,VISLIQ
IMSERT HSTRUC,QSTRUC,TSTRUC
OVERLAY T¥0
IHSERT GEDM3D,FILLH,MARRAY,IARRAY, SHOME
OVERLAY THREE
iNSERT BOXES
OVERLAY THREE
IHSERT QTRPIN,INTWIR,WIRE,WIRVOL,GETWIR,THETAS
OVERLAY THREE
INSERT FULPIHN
OVERLAY TWO
INSERT INETAL,NPROPS,FITIT,ICSSCU
INSERT ICTEMP,BARIN,RSET3,RSET2,REDEF
OVEREAY THREE
INSERT QGENER,AXHEF
OVERLAY THREE
INSERT IREBAL
OVERLAY THREE
INSERT IKRFORC
OVERLAY THREE
INSERT IRPSTR
OVERLAY TWO
INSERT INITZ1
OVERLAY TWO
INSERT TEIMSTP,FORCES
INSERT TKLOOP,TSHEAR,TKSORC,TKENER,WLFNCK,SOLVEN,BCTURE
OVERLAY THREE
INSERT MOLOOP, XHOMI,¥YKOMY , ZHOMI ,PEQN, GETDL, TDMA,WLFNCY
INSERT REBAZG,REBAZ,SOLVIT,MOMENL,ENLOOP,ESORCE,ENERGL
OVERLAY THREE
INSERT MALDOP,DLCALC,XMOM,YHOM, ZHOH,HOHENT ,ENERGY
QVERLAY FOUR
INSERT REBALX,REBALY,REBALZ, REBAL
OVERLAY THREE
INSERT QUTPUT,RSURFO,1SURFO,LBLE,PSTRUC
OVERLAY THREE
INSERT INTURB
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ENTRY MAIN
NAME G
1
59
O K K KRR KR KR X
% BOTTOM LINES =
PR LTRSS EEE 5
FHE FOLLOWENG TABLE INDICATES THE MAJOR VARIABLES COMPUTED
AND SOME OF THE VARIABLES USED IN THEIR COHPUTATION IN MANY
0F THE SUBROUTINES IN COMMIX-1A.
BCFLOT
VELBN(L)=F(VELQC(N) ,GETF)
BCFLOW
VELBNCL) =FCULCHY ,ALX C(H) ,RL{MD ,DRDT (M),
VLMY, ALY (M),
WLCMY AL Z (M) ,AL{M) ,AREA(L))
BCPRES
P(MO)=F (PRESC(N) ,GETF ,PSTATO(H))
BCTEMP
TLBCLY=F{(TL (M)
QBNC(L)=0.0
RLBCLY=FCRL (M)
PBCL)=F (P (K} ,PSTATO(M))
HLBCLY=F (CHL (M)
BCTEMT
@BNC(LY=F (GETF)
TLBCLY=F(TL(M) ,@BNCLY ,AREA(L))
PBCL)=F(P (M) ,PSTATO(HY)
HLBCLY=F (PBC(L) ,TLBCLY)
RLBCLY=F(TLB(L) ,HLB(L),PB(L))}
DLCALC
DLCHM) =FCALCM) ,DRDT (M) ,RLCM) ,ALX (M) UL (H),
ALY (M), VLMD,
ALZCHY WL CHY)
IDODOL (MY=F (M)
P{HY=F (P (MY, ALCH) ,DRBTCH) ,  ALXCM) ,UL(H), !
RLCM) ,DODPOT(H) ALY (M), VL(H),
ALZCMY WL (HY)
ULCH) =FCUL{MY ,ALX (M), DARUCH) ,RLCM),DDDPOT (K,
VLD ALY (M), AL (M), DROT (M},
WLAMD ,ALZ(H) )
VECHY =F QUL (MY, ALY CHY L DARY (M) L, RLEHY L, DDDPOT (M),
VLM ALY (M), ALCM) ,DRDT(KY,
WLOD LALLM )
WL (MY=F (UL (M) ALK (M) ,DARY (M) ,RLCM),DDDPOT (M),
VLD ALY (M), ALCM) ,BRDF (MY,
YL ,ALZ (M) )
ENERGI

DIFFH{H) =F (TLCH) ,HLCM) , P (M), PSTATOCH) )

A1(MY=F (UL (H) ALY (M),

ATCMY=F CULCMY ALY CH) L DIFFHCH) L AL (H) LAREA (M) , VELBN (L)Y ,GBNCMD)
AZ{MY=F (UL CHY ,ALXCH) ,DIFFHCM) ,AL (M) L AREA (MY ,VELBU (L), QBN(MY)
AS(MY=F (VL CH) ALY CH) ,DIFFHCHY ,AL{M) ,AREAC(M) ,VELBN (L) ,@BN(M))
AACMY=F (VLMY L ALY CHY ,DIFFHCM) AL (M) ,AREA (M) ,VELBN (L) ,QBR(M))
ASEMI=FOWL LMY ,ALZCH) LDIFFHOM) ,ALCH)Y LAREACHY ,VELBN (LY ,GBH(M))
AB(MYSFLWLAMY ,ALZCH) , DIFFHCH) ,ALCHY L AREACKY , VELBHCLY ,@BN (M)
ADCMY=F CATCMD L AZCHD L AS MY A4 CH) L ASCHD ,AGCHMY ,RLCMY ,SPHL (H) ,AL(M))
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BOCHI=FC(@BN(M},AREACM) ,ALCHY ,RLAM) ,HLCH) ,SPHLCHY ,HLT (M) ,AD(M))

ESORCE

SPHL(M)=0.0
SCHL (MY=F(QSOURCM) ,AREAC(H) ,ABN (M) ,AL(H))

FORCES

ZFORCE=F (UL (M), RHU{MI ,ALCM) ,RLT (MY, ICORR(NFY ,REYTRN(NF),
VL (M) CLENTH(NF) ,ACORRL(NF),
WL (M2 FORCEFCNF) ,BCORRL CNF3,
REYLENC(NF) ,CCORRLCNF))

GETDL

DLCMY=FC(PCH) ,AT1(M) ,A2CH) ,A3 (MY A4 (M) ,AS(H) A6 (M) ,AC(M) ,BOCMY)

MALOGP

CHECK CONYERGENCE C(ICONV).
IDODL (M) =1

HOMENI

UE CH)=F CUHATL (M) ,DUOL (M) , P (M ,ALX (M) UL (MY
VLMY =F CYHATL (M) ,DVOL (M), P (MY ALY (M), VL (MDD
WL =FCUHATL CH) , DWOL (M) L P (MY L ALZ (M) LWL CHY)
DULMAX
DVLMAX
DULMAX

MOMENT

UL (M) =F (ARUL (M) ,ALX (M) ,AL,P,OARUC(HM))
VLCMY=F CARVL (M) ALY (H) AL, P, DRAV(M))
WL(M)=F CARWL (M) ,ALZ (M) AL, P, OARW{M))

PEGN

ATCHY=E(RLT CH),DUOL (M) LALXCHY, AL ()Y
A2CHY=F(RLT(M),DUOL (M) ,ALX (MY ,ALCH) )
AZCHI=F (RLT (M) ,DVOL (M), ALY (M}, AL (MDD
A4 C(HY=F(RLT (M), DVOL (MY ALY (M) AL (H) )
ASCMY=F(RLT(H),DWOL (M) ,ALZCHY AL (M)}
A6 (MY=F(RLT (H),DWOL (M), ALZ CH) , AL (M)
AQCMY=FCATCMY ,AZCH) ,ASCHY AL (M) ,AS(MY,AB (H))
BOCM)=FC(UNATLCM) ,VELBN (L) ,RLB(L) ,AREACL),
VHATL (M),
WHATL (M) )

ghucTw

ABHCLY=F CWALLDX CNY , HYDWAL CN) , THTWAL(NJ ,WALLAS (H) , TSIMK (N) ,HSINK(N),

TLCHY ,TLBCL) ,P(H) ,PSTATO (M) ,RL(M)Y , UL (M), VL (M), UWL(M),
VELBHC(LY ,Q1J(1,d),8K(K))
REBAZ
PCMI=F (P(M) AL (H) ,DL (M),
AO(HY ,AT(HY ,AZ(M) AT (M) A4 (M) ,AS(H),AG (M)
REBAZG

PEMI=FC(PCMY L ALCHY ,DLCHY,
AOCHY ,ATCHY L AR(M) LA (MY A4 (HY ,AS(H) ,AB(H))
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SOLVEN

VAR(M)=F (VAR(M) ,VARB (M},
ATCHM) ,A2CMY A3 (MY A4 (M) AS(M) , A6 CHD ,ADCM) ,BOCHI)

SOLVIT

P{HY=F(P(M),PB(LY,
ATCHMY ,A2CN) ,A3CH) ,A4 (M) A5 (M) A6 CM) ,AD (M) ,BOC(M))

DL(MI=FC(P (M) ,PB(L),
ATCHY,AZCMY A CH) AL M) LAS (M), ABCH) ,AD(M) ,BO(M))

TURVIi

TURVIS (MY=FCRL{M) ,ULCMD ,TLCM) ,P{M), TURK (M),
VL (MY, HL(M) ,PSTATO(M) ,
YL(HY,
VELBN(L))
TURCONC(M)=F(TURVIS (M) ,TL(M) ,ULCH} ,P (M),
HL (MY VL (M) ,PSTATO(H),
RL (M) WL (M),
VELBHNC(L) D

TSTRUC

TTSCLY=FL(TTS(LY,TLAM) ,AL(H),
HSTRELC(N)Y ,HETRE2(N) ,STAREA(N) ,STAREZ(N),
MATERL (H) ,QSPARCH) ,STVOL(HY)

XMOMI

DUOL{MI=F (AL C(H) UL (M), RMUCHY ,RLEB(H),
ALX M), VL (M), RLT (M),
ALY CH) WL (M)
ALZCM) ,VELBN(NY,
AREA(MI)

UHATL (MY =F CALX (M} ,RLT (KM}, UL(H) ,RMUM),
ALY (M)
ALZA(M))

YMOML

DVOL (MY =F (AL (M), UL (M), RMUCM)Y ,RLB(H) ,

ALX (M}, VL M), RLTCH) ,
ALYCM) WL (M)
ALZ(M) ,VELBHN(HN),
AREA (M)

VHATL (MY =F CALX (M), RLT (MO ,VL(M) ,RHUC(H) ,
ALY (D
ALZ (M)

ZMOH1

DUOL (M) =FCAL (M), UL (M) ,RHU(M) ,RLB(M)},
ALX MY, VL (M), RLECHY ,
ALY (M) LWL (M
ALZ (M), VELBN(N),
AREA(H))
WHATL (MY =F CALX (M) ,RLT (M) LWL (M) ,RHUCM),
ALY (M)
ALZ (M)

. 60
8RR IR R R 0K R OKOR 5 R :
% REBALAMCIMNG REVISITED = THIS SECTION IS LNCLUDED TO DESCRIBE
LER 2R EELES S S S L LY THE DATA STRUCTURE USED IH REBALANCING.
PART OF WHAT 1S DESCRIBED HERE IS ROT
YET EMPLEMENTED IN VERSION 10,2, THE NAMELIST /DATA/ IWNPUT
REQUERED IS DESCRIBED AS FOLLOWS:

NREBP HUMBER OF REBALANCING PASSES. (0}
NREBRSCNPY HNUMBER OF REBALANCIRG REGIONS FOR PASS RP. IF THE
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SIGN OF NREBRS(NP) 1S PLUS, REBALANCING PASS NP 1S
EXECUTED. IF THE SIGN OF NREBRS(MP) IS MINUS,

THE INPUT IS READ AMD ALL NECESSARY POINTERS DEFINED
BUT THE ACTUAL REBALANCING PASS NP IS SUSPENDED UNTIL
THE SIGH 0OF NREBRS(MNP) IS CHANGED TO PLUS.

HREBM{NR)  NUMBER OF CELLS IN REBALANCING REGIDN NR. (0)
THE NREBRSCNP+1) VALUES FOR PASS NP+1. IMMEDIATELY FOLLOWS
THE NREBRS(NP) VALUES FOR PASS NP. THE SAME PATTERM
TRUE OF THE FOLLOGYING THREE VARIABLES.
NREBX(NR)  NUMBER OF INTERNAL X-SURFACES BETWEEN REGION NR AND NR+1.
NREBY(NR)  HUMBER OF LNTERMAL Y-SURFACES BETWEEN REGION NR AND NR+1.
NREBZCNRY  NUMBER OF INTERNAL Z-SURFACES BETWEEN REGLON NR AND NR+1.
R e e
i 1 | ! !
CONSIDER, FOR SIKPLICITY, Fo1e 115 1 18 1 17 1
THE TH0 DIMENSIONAL PROBLEN t [ | [ !
PICTURED AT-THE RIGHT Fem e Fomeot
WITH AN INLET Q¥ THE 1 [ [ [ I
BOTTOM SURFACE OF CELL 1 110 1 11 1 12 1 13 4
AND AN OUTLET @R THE i [ [ [ 1
RIGHT SURFACE OF CELL 5. BTt SEEEF R ¢
NOW SUPPOSE THAT ONE HAS 1 ! [ I 1
CHOSEN TO DEFINE TWO SETS 1 61 71 81 91
OF REBALANCING REGIONS AS [ | [ ! [
PICTURED BELOW. THE FIRST Fromodooo gt eeodemod
PASS HAS TWO REBALANCING [ I | ! [ I
REGTONS AND THE SECOND PASS 11 21 31 41 51 ->
HAS THREE. [ [ i ! [ !
B L E T s
R Rt L B P R 4 R e T Y
] [ | |
1 2 [ t 2 {
) [ [ f
+ + + + + + + + + +
[ [ ! I
[ [ [ |
[ i I [
[REEEE ST + + R e e o
i | 1 [ 1 [
i i [ I [ 1 [ 3 [
I | [ | | [
+ + + + o + + + + LR
[ I | ' t [ i !
[ [ | [ b [ : [
[ I [ t ! [ t [
It EEhnr EET T T P Rt R T
WAMELIST /DATAf INPUT TO DEFINE THESE TwO REBALANCING REGIDNS
I§ AS FOLLOWS:
HREBP=2, NREBRS=2,3,
NREBM=4,12,3,8,3,
NREBX=0, 1,0,0,1,
NREBY=2, 0,2,2,0,
NREBZ=0, 0,0,0,0,
VIEWED IN TABULAR FORW THIS IS:
PASS ----> 1 , 2
I i
e T & F--- - demmm - +
REBALANCING [ 1 t !
REGION ----> 1 2 1 2 3
(N
HREBM (N) 4 12 4 8 4
HMREBX () 0 1 0 0 1
NREBY (1) 2 0 2 2 0
HREBZ(H) 0 0 0 0 0

ONE PDSSIBLE INPUT FOR THE REBALANCING REGION CARDS CONSISTS

OF

THE FOLLOWLNG:

PASS 1
REBM 1 1 2 1 2 1 1
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REBY 1 1 2 2 2 1 1
REBM 2 3 4 1 2 1 1
REBM 2 1 4 3 4 1 1
REBY 2 4 4 1 1 1 1
PASS 2 _
REBM 1 1 2 1 2 1 1 '
REBM 3 3 4 1 2 1 1
REBM 2 1 4 3 4 1 1
REBY 1 1 2 2 2 1 1
REBY 2 3 4 2 2 1 1
REBX 3 4 4 1 1 1 1

FROM THIS INPUT, TWD NEYW VARIABLES MREB AND IMREB ARE DEFINED.
THE VALUES OF WREB ARE CELL NUMBERS RAMGING FROM 1 THROUGH NM1.
THESE ARE GROUPED IN SUCH AS WAY THAT BY SPECIFYING BEGINRING
AND ENDING INDICES OF MREB, AN ENTIRE REBALANCING REGION OR
REBALANCING SURFACE LAN BE TRACED. THE NECESSARY BEGINNING
EXDEX LIKHITS ARE STORED IN IMREB. SPECIFICALLY:
EMREB(N, 1) STORES THE BEGENNING INDEX OF MREB FOR CELLS
) FOR REGION N OF PASS 1,
IMREB(N,2) STDRES THE BEGINRING INDEX OF MREB FOR
X REBALANCING SURFACES FOR REGION N OF PASS 1,
IMREB(N,3) STORES THE BEGINRING INDEX OF MRES FOR
Y REBALANCING SURFACES FOR REGIDN N OF PASS 1,
IMREBC(NH, 4) STORES THE BEGINNING INDEX OF MREB FOR
Z REBALANCING SURFACES FOR REGION N Of PASS 1.
IMREB(NN,1) STORES THE BEGINHING INDEX OF MREB FOR CELLS
FOR REGION H OF PASS 2, WHERE NN IS THE SUM OF
ALL REGIDHS OF CELLS AND SURFACES OF ALL-
PREVIOUS PASSES. IMREBCNN,2), IMREB(HN,2),
ETC., ARE DEFINED SIMILARLY.

62
THE ENDING INDICES ARE FOUND BY ADDING THE APPROPRIATE VALUE
DF NREBM, NRE8X, MREBY, DR NREBZ LESS 1 TO THE BEGINNING INDEX.
THE FOLLOWING TABLES SHOW THESE VALUES.

PASS ----> 1 2
| ]
t--t--t oo - Fe---- +
REBALANCING ! t |
REGJON ----> 1 2 1 ? 3
(R
IMREB(N,1) 1 7 20 26 36
IMREB (N, 2} 0 19 0 0 40
IMREB (N, 3) 5 0 24 34 0 N
IMREB(N, 4} 0 0 0 0 0
PASS 1 PASS 2
REGION 1 REGION 1
HREBC 1) = 1 CELLS HREB(20) = 1 CELLS
2y = 2 21y = 2
3y = 6 (22) = 6
4y = 7 23y = 7
.. X-SURFACES . X-SURFACES
C5) = 6 Y-SURFACES (24) = &6 Y-SURFACES
(6) = 7 (25) = 7
. Z-SURFACES [ Z-SURFACES
REGIOQN 2 REGION 2
c7)y = 3 CELLS (26) = 10 CELLS
€ 8) = & 27) = 11
9y = 8 } (28) = 12 ,
10y = 49 (29) = 13
(11) = 10 (30) = 14
(12) = 11 (31 = 15
(13) = 12 (32) = 16
(14) = 13 (33) = 17
(15) = 14 - ... X-SURFACES
(16) = 15 (34) = 12 Y-SURFACES
(17) = 16 (35) = 13 ”
(18) = 17 [ Z-SURFACES
(19) = 4 X-SURFACES REGIOGN 3
[T Y- SURFACES (360 = 3 CELLS
[P Z-SURFACES 37 = 4
(38) = 8
(39) = 9
40y = & X-SURFACES
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N ¥-SURFACES
e Z-SURFACES
1
SRR KR IR AR R R R R
* QUTPUT DESCRIPTION x THIS SECTION DESCRIBES PART OF THE
S0 SR SR S OSSN S K R K COMMIX-1A DUTPUT.
tmmmmmmmm e +
1 COMMIX-1A BANNER |
dommmmmmmememm e oaan +

THE VERSION NUMBER IS PRINTED IN THIS BOX. THIS IS NECESSARY
IN ORDER YO DEVTERMINE WHICH UPDATES NEED TO BE APPLIED.

R e R TR +
I INPUT DATA LISTING |
e +
e it +
I STORAGE ALLOCATEOGN SUMMARY
D T +
Rt +

I GRID SUMMARY |

D T T +

X, ¥, AND Z GIVE THE COORDEINATES OF CELL CENTERS.
DX, DY, AND DZ GIVES THE CELL SIZE.

D T +
[ SURFACE-SHRFACE ELEMENT SUMMARY
R T T +
Hmmmmmm e m e mm +
I FLAG SUMMARY |
mm e m e +

HOST OF THE 1INTEGER INPUT VARIABLES ARE PRINTED HERE.

THE PROPERTY PACKAGE BEING USED 1S IDENTIFLED AMD A SMALL TABLE
OF VALUES FOR THE VARIOUS PROPERTIES IS PRENTED.

ERERRHEREEARTRRRRRERRLAFRRE R KK

® MACHINE DEPENDENT ROUTINES % . TWO0 MACHINE DEPENDENT FUNCTIONS
K HOR K N R ROR IR KR R R R K R ARE USED IN COMMIX-1A.

t------ +

| LOCF |

+------ +

THIS FUNCTION RETURMS THE ABSOLUTE ADDRESS OF THE VARIABLE

WHICH IS PASSED AS THE ARGUMENT. IT IS USED BOTH IN DETERMINING
THE LENGTH OF BLOCKS TO BE WRITTEN TO THE RESTART TAPE AND IN
PERFORMING INITIALIZATION. THIS FUNCTION IS USED EXTENSIVELY

IN THE CODE AND THUS ITS FUHCTIONAL EQUIVALENT MUST BE SUPPLIED
WHEN IMPLEMENTED ON OTHER SYSTEMS. AN ASSEMBLY LANGUAGE LISTING
OF LOCF FOR THE 18M MACHING IS GIVEN BELOW.

* RETURK LOCATION OF A VAREABLE AS 32 BIG INTEGER.
k4
w I=tOCF(R)
*
LOCF -CSECT .
SAVE  (14,12),,LO0CF
L 0,0¢(1) LOAD THE ADDRESS.
stL 0,1 REMOVE THE SIGN BIT.
SHL 0,1
MVI  12¢13),X‘FF’ SIGNAL RETURN.
SR 15,15 RETURN CODE.
BR 14 RETURN.
END
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THIS FUNCTION RETURMS THE €PU TIME LEFT IN THE CURBENT RUN IN
URITS OF 0.01 SECONDS. THIS FIME STARTS AT THE TIME SPECEFIED
DX THE JOB CARD AND ENDS AT ZERO WHEN THE JO0B 1S TERMINATED BY
THE SYSTEM. IT IS USED FOR TIHMING AND TO DETERMINE WHER TO
TERHIKATE ANB WRITE A RESTART FILE. FOR INTERACTIVE SYSTEMS
THE FOLLOWING FUNCTEON MAY BE SUBSTITUTED. THIS WILL ELIMENATE
HEANINGFUL TIMING MEASURES AND THE MAXTIME RESTART CAPABILITIES
HOWEVER IT Will NOT EFFECT THE CODES RESULTS.

FUNCTION TLEFT (TIME)
DATA T /100000.0/
T=T-2.0

TLEFT=T

RETURN

END

HEACE R R R R ACOR R R KRR RN R RR SRR Rk

# FINDING HOLES IN THE BOUNDARY x
HHHOKR R R SR R R R N R R R KR K

¥ OE X FE K K B K ¥ ¥ oK X

H O ¥ O B K N X M ¥ N K

¥ M o¥ ® oK X X

THE BOUNDARY SURFACE SUMMARY 1S INTENDED TO AID THE USER IM
FINDIRG HOLES IN THE BOUNDARY SURFACES. IT 1% OBTAEINED BY
SETTING I1BSBUG IN HAMELIST /GEOM/.

THE BOUMDARY SURFACE SUMMARY CONSISTS OF TWD PARTS.

FIRST IS A TABLE OF BINARY STRINGS AND THEIR EORRESPOMDING
PRINTED CHARACTER. FOLLOWING THIS TABLE ARF JMAX PLAMNES

WITH EACH CALCULATIONAL CELL BEING REPRESESTED BY ONE OF

THE CHARACTERS FROM THE FIRST TABLE., THE BINARY STRING
ASSOCIATED WITH EACH CHARACTER INDICATES THE LOCATION OF THE
SURFACE ELEMENTS EN THE FOLLOWING WAY. EACH BIT IN THE BINARY
STRING CORRESPORDS TO A FACE OF THE CALCULATIOMNAL CELL., THE
FIRST BIT CORRESPONDS TO THE FACE 1¥ YHE I MINUS (I-)
DIRECTION. TH1S IS THE SURFACE BETWEEN CELL (I,J,K) AND

CELL C(I-1,0,K). THE SECOND BIT CORRESPONDS TO THE FACE IN THE
1+ DIRECTLOR, THE THIRD IN THE J-, THE FOURTH IN THE J+,

THE FIFTH 1K THE K-, ANB THE SIXTH 1IN THE K+ DIRECTION. A
SURFACE ELEMENT 1S DEFINED AT A CELL FACE IF THE BITY
CORRESPONDING TO THAT FACE HAS A VALUE OF 1.

FOR EXAMPLE,

SUPPOSE "F” IS PRINTED AT THE LOCLATION FOR. CELL (I.J,K).

“F" CORRESPONDS TO THE BIMARY STRING “011000“, TH1S INDICATES
THAT A SURFACE ELEMENT HAS BEEN DEFINED IN THE L+ AND J-
DIRECTIONS, THAT 18, BETWEEN CELLS (I,J,K) AND (1+1,J,K> AND
BETWEEN CELLS (I,d4,K> AND (I,J-1,K)

IN ORDER FOR THIS SCHEME TO RE EFFECTIVE THE TABLE SHOULD
CONTAIN B2 DIFFERENT PRINTABLE CHARACTERS. A BLANK CORRESPONDS
TO STRING "000000” AND STRING “t11111" SHOULD NEVER OCCUR.
WHILE WE HAVE A LASER PRINTER WITH BOTH UPPER AND LOWER CASE AT
ANL, THE PRINTERS USUALLY USED ARE IMPACT PRINTERS WITH ONLY
ABOUT 58 DIFFERENT CHARACTERS. THEREFORE, THE CURRENT
IMPLEMENTATION USES THE CHARACTER "%” TO CORRESPOND TO ALL OF
THE FOLLOWING BINARY STRINGS: “111110", *1111017, “111011“,
‘1101117, "1o1111", “011111", AND "11t111”. THIS DDES IRTRODUCE
SOME AMBIGUITY HOWEVER THE IMPACT IS PROBABLY NOT SERIOUS.

FOR THOSE USERS WHO WISH TO ELIMINATE THESE DUPLICATIDNS,
CHANGES MUST BE HMADE IN SUBROUTIME SHOME,

H O K ¥ ox
L )
® oH O
LS
* ¥ % =
3} ¥« H
% F ¥ ¥
2R -
LI
* O W ¥
LR
HOoH K ¥
L
HOK % ow
M O B
EE -
E K H O
I
® R OH M
‘*ﬁ*_*
®OM OB O
O OB OH
E I
EE
® OE X W
® X ¥ W

B I

* X R M MK N
¥ OH N M o ¥ N

¥HOM K K W X
M O K K ¥ K X ¥ K O 3

A THREE-DIHENSIONAL TRANSIENT SINGLE-PHASE
COMPUTER PROGRAM FOR THERMAL HYDRAULLC AMALYSIS
OF SINGLE AND MULTICOMPONENT SYSTEMS

oK X K M M X F K B oK %
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52
5. SUPPLEMENTARY PHYSICAL MODELS

To broaden the scope of COMMIX~1A applications and to wmore accurately
account for phenomena that effect the thermal hydraulic simulation, a number
of supplementary physical models have been incorporated into COMMIX-lA.

5.1« Simplified Fluid Property Option

There are two fluid property packages in COMMIX-1A. They are for
sodium and water. Nominally, COMMIX—-1A makes use of the sodium property
package. Use of water property package requires the creation of a separate
load module. Both of these property packages are developed and formulated in
a modular fashion to accomodate replacement by any other £fluid property
package. The details of these two property packages and -the procedures for
creation of the load module are given in Appendix A.

Besides the above two property packages, another option is available to
the COMMIX-lA user. This option is known as a simplified property option and
it is invoked by setting IFPROP = 1. This automatically disconnects the
sodium property package and calculates properties as desired by the user.

In this option, the enthalpy, density, thermal conductivity, and
. viscosity are all assumed to be functions of only temperatures and are all
assumed to have the functional forms:

h

l

COh + ClhT’

It

o] COD + ClpT,'
k = COk + ClkT’

and
H = COu + CluT' : (5.1)

Here, C, and C; are the constant coefficlents, and they are Input in the input
namelist DATA. The Fortran variable names for these coefficients start with
FCO and FCl e.g., FCOH and FCORO are the variable names for C,, and Cop"

5.2. Other Material Properties

In many real applications, so0lid boundaries and immersed solid
objects affect the thermal behavior of the fluid. When these effects are to
be accounted for, the thermal properties of these solid materials are
required. This section describes how the material types are described and
their properties evaluated in COMMIX-1A.

In COMMIX-lA, we can prescribe properties of as many materials as
desired, e.g., steel, cladding, etc. Each material is given a number called
material type. The total number of such material types are specified by the
variable NMATER. For each material type, say N, the density, thermal
conductivity, and specific heat are assumed to be functions of temperature
having the following functional forms.

p(N) = Cun(N) + €y, (T + €y (N)T?
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I

k(M) = Cp (N) + Cpp(N)T + Cop (NIT?

and

cp(N) = Coep(l) + Cpep(NT + Cpop(NTZ - (5.2)
Here, C,, C;, and Gy are the coefficients and their Fortran variable names
start with Co, Cl, and C2, respectively. For example, CORO and CIK are the
variable names for Cop and Cjyp« These coefficients are input in the input
namelist data. ‘The material properties are then referred to as of material
type 1, 2, ... NMATER.

5.3. Heat—Transfer Correlations

To calculate the heat transfer between fluid and solid surfaces
(either the solid boundaries of a flow domain or the surfaces of internal
structures), a heat-transfer coefficient model is required in the code. In
the model implemented in COMMIX, the heat-transfer coefficient correlations
are assumed to have the following form:

C
Nu(N) = Cy(#) + Co(i) Re 3(0 v (5.3)

Here Nu is the Nusselt number, Re is the Reynolds number, and C;, Cy, and Cg
are the constant coefficieunts. The Musselt mmber and Reynolds number are
based on the characteristic lengths of the structures (HYDRAD(N) for outside
surface and HYDRA2(N) for inside surface). These characteristic lengths are

input and required to be prescribed by the user.

The user can prescribe several correlations by inputting different
values of coefficients Cj, Cy, and C3. The Fortran variable names for these
coefficients are HEATCl, HEATC2, and HEATC3. The variable NHEATC represents
the total number of correlations. Each heat—transfer correlation is referred
to by the correlation number index N, which ranges from 1 to NHEATC. All
input for the heat-transfer model is provided in the input namelist data .

S5.4. Interactions with Immersed Structures

As described in Sec. 3, the solid objects in a flow domain interact
with fluid and influence the momentum and energy distributions. In the new
porous media formulation employed in COMMIX-1A, these interactions are medeled
using distributed resistances and distributed heat sources.

5.4.1. Structure-Fluid Momentum Interaction

As mentioned earlier, solid objects immersed in fluid have
the physical effect of influencing fluid flow by increasing the flow
resistance. In the quasi-continuwm formulation, this effect is accounted for
by providing an additional distributed resistance term 1in the momentum
equation. The present section describes how the calculation of distributed
resistance, also known as force structure, is carried out in COMMIX-lA and how
the input is formatted to provide a wide range of generality and flexibility.

The pressure'dIOp due to submerged objects is expressed, in
literature, in many different forms, e.g.,
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bp =4kl g, (5 4a)
bp=F 2o, (5 .4b)
bp =4 pv> K, (5 .4e)

etc. The coefficients £, Cp, K, etc., have different names, e.g., Fanning
friction factor, Darcy friction factor, drag coefficient, loss coefficient,
etc., depending on the form of the equation. In order to accommodate all
friction loss equations, COMMIX-lA has employed the following general form:

Ap = cl-% o<V F . (5.5a)

In terms of distributed resistance R, the equation has the form:

R = c.p vl ¢

1 i (5.5b)

Here, L (Ax, Ay, or Az), is the length of the cell, D is the hydraulic
diameter, and c; is the coefficient which has a value equal to 0.5, 1, or 2,
depending upon the form of the equation desired. The values of ¢y and D
depend on the geometry and type of the submerged structure and are required to
be provided by the user. The value of D is prescribed as a negative number
when an equation of the form 5.4c is desired. The Fortran variable names of
cy and D are FORCEF(N) and CLENTH(N) respectively.

There may exist more than one submerged object in a flow
domain of interest. All submerged structures usually have different geometry
and hence require different values for the parameters ¢j and D. In COMMIX-1A
we have provided this flexibility. Each submerged structure is identified by
a structure number. The variable NFORCE is used to define the total number of
structures. The argument N for variables c; and D refer to the structure
number.

The friction factor f im Eq. 5.5 1s a function of the
Reynolds number and is assumed to be of the form:

bz :
f = a, Re 7 + cy - (5.6a)
for Re < Re.,., and
bt
f =a, Re + c. . {5.6b) ]

for Re > Re,.. Here, Re 1is the Reynolds number, and a, b, and ¢ are
constants. The subscripts L, t, and tr stand for laminar, turbulent, and
transition respectively. COMMIX~1A has the flexibility of permitting as many
correlations as the user desires. Each correlation requires seven input
numbers. These are:
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ACORRL : ag,
BCORRL : by,
CCORRL H Cys
ACORRT : ay,
BCORRT : by,
CCORRT : Cis
and
REYTRN : Reyro

To identify which correlation is to be used for a given
structure, the variable ICORR is introduced. For example, specifying

ICORR(3) = 4

means that the correlation #4 of type 5.3 is to be used for submerged
structure #3. To simplify the specification of which fluid cells interact
with which submerged structure, a specific input arrangement has been
implemented in COMMIX-lA. Details of this arrangement are presented in the
input description.

Friction Factor Library

Occasionally, the COMMIX-lA user may be faced with the
situation that the desired correlation is not of a form directly suitable for
input as described in Sec. 5.4.1 The user is then faced with two choices: 1)
approximate the correlation so as to fit the input form, or 2) use the
friction factor library.

The friction factor library has been created to accommodate
up to 50 different additional correlations. These correlations correspond to
values of ICORR(N) from 50 to 99. Currently, only five correlations, as
described in Table 5.1, have been added in the library.

TABLE 5.1: Friction Factor Library

Correlation Number Description
90 CDS fuel assembly
91 . CDS blanket assembly
92 DRHX pressure drop
93 Pipe flow with transition
94 FFTF pin bundle

The ambitious user who wisgshes to define his own correlation
may first examine the subroutine FORCES to see what correlation numbers are
free and available. Then, with other library correlations as a guide, the new
correlation can be inserted appropriately in subroutine FORCES and recompiled.
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Every effort has been made to modularize this part of the subroutines so that
the user has minimum difficulty in inserting new correlations in the code.

5.4.2., Structure=Fluid Thermal Interaction

3. Introduction

To determine the heat-transfer interaction between an
immersed structure and surrounding fluid, a so-called thermal-structure module
is implemented in COMMIX~lA. The following five subroutines form the thermal-
structure module:

INPSTR : Input and computation of geometric variables.

HSTRUC: Determination of surface heat-transfer coefficient.
TSTRUC : Calculation of temperature distribution in structures.
QSTRUC: Computation of heat-transfer rate to surrounding fluid.
PSTRUC: Printing of variables.

The heat transfer to fluid from a structure is calcu-
lated by solving the one-dimensional heat—conduction equation for the
structure., This assumes that heat conduction in the other two directions is
negligible. The numerical model has the following features:

L The model considers all internal structures. The dinput NSTRUC
determines the total number of structures.

@ A structure can be planar, eylindrical or spherical with either one
surface (e.g., solid eylinder or sphere) or two surfaces (plane or
annular eylinder) having thermal dinteractions with surrounding
fluid. The specification of wvariable IXYZ(N) determines the axis
of aligmment of the structure N.

@ Each structure may consist of more than one type of material, each
separated by a gap.

o Radial variation and temperature dependence of thermal conductivity
and specific heat of structures are incorporated.

e The effects of gaps in a structure element are also accounted for
in the model. The gap width and heat-transfer coefficient across a
gap are Iinput parameters.

@ The heat source in a structure element is also considered in the
transient heat—conduction equation.

e Each structure is divided into a desired number of axial elements
NTSEL(N) . A set of discretization equations is obtained for each
element using the proper boundary conditions. The equations are
solved using the Tri-Diagomnal Matrix Algorithm. The temperature
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variations in the element and heat transfer from the element to
fluid are calculated.

b. Geometrical Description

To explain the geometrical features of the model, we
consider a cylindrical structure with its axis aligned in the z direction, and
its length extending over a number of Az partitions (K levels), as shown in
Fig. 5.1. Although the description and the subsequent formulation are geared
toward cylindrical-type structure, the model in COMMIX-lA is also applicable
to spherical and slab geometries.

Each Az partition of the structure Is referred to as a
thermal structure element. Each element has its own internal temperature
distribution as it interacts with surrounding fluid cells. Each element may
interact with more than one fluid cell and each fluid cell may interact with
more than one structure element. This can be seen in Figs. 5.2 and 5.3.

Figure 5.4 shows the cross section of a typical
structure element. The outside surface is considered as surface #1, and the
inside surface as surface #2. Each element is divided into a number of
material regions, (NTSMAT{N), to identify the type of material. In the
illustrated figure, NTSMAT(N) = 3. The material regions are numbered by
counting from the outside inwardly sequentially as shown in Fig. 5.4. The
gaps are identified and counted similarly. The following variables are used
to define the characteristics of a material region:

MATERL(MR): To determine thermal properties of the material.
Example: MATERL(3) = 2 means material region #3 uses
thermal properties correlation #2 described in Sec. 5.2.

NMPAR(MR) Total number of temperature nodes to be used. Example:
NMPAR(1) is equal to 3 in the illustrated figure.

DRPAR{MR) Ar, the radial length of the partition cell (wm).

QSPAR(MR) Volumetric heat source (W/m3).

The following variables are used to identify the gaps:

NGAPTY H Humber of gap.

IGAP(NG) : Gap type.
SGAP(IG) Gap size.
HGAP(IG) : Heat-transfer coefficient across the gap.

¢s. Governing Equation

The transient, one-dimensional heat~conduction
equation is
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| —~FELEMENT OF
A STRUCTURE

3\\&?&\\\\\\

Fig. 5,1 Flow Domain Showing a Cylindrical Structure,
There are Four Structural Elements in the

Illustrated Figure,
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AR
N

Fig. 5.2 A Cylindrical Structure Interacting

with More than One Fluid Cell

Fig,

5.3

More than one Structure Interacting

with a Single Fluid Cell
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MATERIAL  MATERIAL MATERIAL
REGION 3 REGION 2; REGION I;

% W

GAP 2 GAP 1 *Ar’summ;;ﬁ

FLUID

FLUID

CROSS SECTION A-A

Teoot,

SURFACE 2

Y SURFACE |

Fig. 5.4 Typical Structure Element Showing Material
Regions and Gaps
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_a_z =..l_a -— LB |
pC Bt T 35 A + 4 . (5.7)
Here, p and c, are the density and specific heat of the material, q''" is the

heat source per unit volume, q is the surface heat flux per unit area, and A
is the cross—-sectional area.

de Finite~Difference Formmlation

Figure 5.5 shows the cross section of a typical structure
element under consideration. Each element is divided into a number of mater-—
ial regions [NTSMAT(N)], and each material region is divided into a number of
partitions [NMPAR(MR)]. DRPAR(MR) = Ar, is the partition size of the material
region. lLet £ be the total number of partition cells.

Consider the energy balance of cell i, as shown in Fig.
5.6, The integrated energy equation for the control volume of cell i gives

pc_V,
pi tHét _ t)=_ - Logtit
ot (Ti Ti (Ai+lqi+l Aiqi) q Yi : (5.8)

Here, V; is the cell volume. The heat flux q; is now expressed in terms of
temperature difference:
a3 = = uy {7y - Tyy) o (5.9

Here, u; is the overall heat transfer coefficient given by

= Ei:li% for conduction (5.10)
i Ar : ‘
and
=7 1 s for a gap or surface. (3.11)
Bio172 0 %Ky

After substituting Eq. 5.9 and rearranging Eq. 5.8, we obtain

(ag + by + byy))Ty = byTyo + bygrTieg + dy (5.12)
where

a; = pcpvilst . {5.13)

by = Aquy (5.14)
and

dj = 4"V, +a T, (5.15)

Here, TM and T are the temperatures at time t and (t + 6t), respectively.
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Fig. 5.5 Cross Section of a Thermal Structure Element
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Fig.

q"=HEAT SOURCE PER UNIT VOLUME

5.6 Energy Balance of a Partitijon Cell i
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Cell Adjacent to Coolant

For the case of cell 1 (Fig. 5.7), adjacent to the
fluid, the integrated energy equation gives

(al + b1 + bz)Tl = blTCOOll + b2T2 + dla (5 016)
Here, a, b, and d have the same meaning, except that b; now includes the con-

vective contribution. Therefore,

A
bl = i " AT . (5.17)
h 2k
cool1 1

Similarly, if the other end of the thermal structure, say cell £, is in
contact with fluid,

(ag + by + by, )T, = b, T, | +d, (5.18a)
where
= Sttt n ‘
d£ q Vg + a2T£ + b£+choolz | {5.18b)
and
A .
41 :
b£+1 - ﬂ L (5-180)
h 2k
cool2 2

Cell Adjacent to a Different Material

For a cell adjacent to a different material cell, as
shown in Fig. 5.8,

j+1)rj =byTa g F by Toy +tdy o (5.19)

Equation 5.19 is similar to Eq. 5.12, except that the term bj+1 includes the
gap resistance. Thus,

(a,+ b, + b
3 3

A

1T (Ar) L L. (55‘
2%/. h 2k )
h| gap j+l

b (5.20)

The End Cell with Adiabatiec Boundary Condition

In solid cylindrical or spherical structures, the
other end (symmetry line) has the adiabatic boundary condition. The end cell
for this boundary condition, is shown in Fig. 5.9. As we have no heat
transfer, the thermal resistance is infinite and the term by, goes to zero.
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Fig. 5.8 Cell Surrounded by Different Materials

with Air Gap between Them

-

.

Adiabatic Boundary
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The final equation, therefore, is

(@, + b )T, =b, T, , +dy « (5.21)

€. Solution of the Discretization Equations

We can see from the formulation of the preceding
section that there are £ number of equations for £ number of unknown
temperatures. All equations have the form

(ag + by + byg)Ty = byTy_g + byygTyy + 4z (5.22)

This can be transformed to

€Ty = biw1Tivr + 41, (5.23)
where
Aj = dy + bjA;1/Ci (5 .24)
and
_ _ 2
Ci = ai + bi + bi"‘l bi /ci—l ° (5 .25)
The first set of coefficients are
Al = dl + blTCOOll, (5 026)
and
Cl = al + bl +' b2 . (5-27)
For i = £-1 in Eq. 5.23,
S e B
- H
-1 Cz-l
and substituting this into Eq. 5.18 or 5.21 for i = £ yields
Tg = Allcg ° (5.28)

1e rest of the temperatures are then computed using Eq. 5.23.

f. Heat Transfer to the Adjacent Fluid

Once the temperature distribution in a structure
ment is computed, the heat-transfer rate to the adjacent fluid is computed
n
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q = ma(T - T.]) . (5.29)
Here, c'i is the heat transfer rate in W, h is the heat transfer coefficlent, A
is the surface area, and T, and T¢ are the solid and fluid temperature,
respectively. This heat~transfer rate is then translated into an effective
volumetric heat source for the fluid cell

our = V" (5 .30)

Here V, is the computation cell volume of the adjacent fluid cell. The

computation of the heat transfer coefficient is carried out as described in
Sec. 5-30
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i8R 3
6. INITIAL AND BOUNDARY CONDITIONS

6.1. Initial Conditions

Generally, before the sclution sequence can begin, all® values of
variables must be assigned. In COMMIX-1A, this is accomplished by either
continuing a previous run via the restart capability (recommended for all
continued but first runs) or by specifying the initial temperature, pressure,
and velocity distributicon throughout the interior peoints and boundary of the
space under consideratiocn.

When the initialization is not a restart, the user 1Is required to
specify dinitial pressure, temperature, and velocity distributions. The
determination of these distributions and their subsequent input into the code
are generally tedious. In COMMIX~]A, we have provided wmany simplified input
procedures, which make the initial initialization easy,” simple, and less
tedious. These procedures are given in the input description and briefly
summarized here.

1. Enthalpy and density are not required in the initial input. They are
calculated in the code from the equation of state and the prescribed
pressure and temperature distribution.

2. Only one pressure value (PRESO) at a desired location (XPRESO, YPRESO,
ZPRESQ) and the values of the gravity vector (GRAVX, GRAVY, GRAVZ) are
needed in COMMIX-1A to prescribe initial hydrostatic pressure distribu-
tions in the entire flow domain.

3. A linear pressure variation (constant pressure gradient) in any prirneipal
coordinated direction can be added to the initial hydrostatic pressure by
specifying the desired pressure gradient values to the wvariables DPDX,
DPDY, and DPDZ.

4. Uniform temperature in the entire flow domain is obtained by specifying
only one temperature value to the variable TEMPO.

5. Uniform temperature and hydrostatic pressure distribution can be over-
ridden by using the internal cell-initialization cards at particular i,
j, k locations and specifying the temperature and pressure difference to
be added to the initial hydrostatic pressure.

6o The boundary normal velocity and temperature for each surface, if uniform
over a surface, can be prescribed by specifying desired values to vari-
ables VELOC(N) and TEMP(N), respectively. Here the argument N represents
the surface number.

7. Nonuniform velocity and temperature distributions for surface elements
are specified by using the boundary value initialization cards with
variables VELB and  TIB. This overrides the VELOC and TEMP value
prescribed for that surface element.

8. For a surface with the pressure boundary condition case, the surface
pressures are required to be specified. This 1s done by specifying a
desired value to the variable PRES(N), where the argument N refers to the
surface number.
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9. If the surface heat flux instead of temperature is desired to be
prescribed initially, it is done by specifying the desired value to the
variable TEMP(N) which now has the units W/m<. A nonuniform heat flux
distribution is specified by using the boundary-value initialization
cards with variable (BN. This overrides the TEMP value for specified

surface elements.

10, From these resulting temperature and pressure fields, the density and
enthalpy fields are computed using the equation of state. This completes
the initialization process.

11. For a hexagonal fuel-assembly calculation, the z axis is assumed to be
" aligned with the axial length. When gravity is acting along the z axis
and the inlet is from the z = 0 plane, a one-dimensional initialization
option is available (IFROD=2). 1In this option, the initialization is
performed assuming transverse velocities are zero and all variables are
functions of z only. Also the effects of fuel assembly drag, static head
forces, and internal heat sources are considered in the imnitialization of
both pressure and temperature. This option has reduced the computer
running time for steady-state solution of hexagonal fuel assemblies.

6.2, Boundary Conditions

6.2.1. Concepts and Definitions

Before we describe the various boundary-—condition opticns
that are available in COMMIX, it is important to describe the concepts and
definitions of surface and surface elements. To clarify the concepts and
definitions, a simple box geometry has been selected, as shown in Fig. 6.l.

1. The external boundaries enveloping the flow domain are called the
boundary surfaces. These surfaces may be solid walls or planes through
which fluid can flow.

2. Fach surface is associated with a unit normal! vector. The %, y, and =z
components (XNORML, YNORML, and ZNORML) are specified such that a unit
vector points locally into the fluid region.

3. The variable used to define the total number of surfaces is NSURF.

4 Each surface may have components in different planes but must have the
same unit normal vector and same velocity and temperature boundary
conditions. For example, (i) Surface 2 in Fig. 6.1 has subcomponents in
two different planes, but can be identified as the same surface because
both subcomponents have the same unit normal vector and the - -same boundary
conditions. (ii) Surfaces 5 and 6 are considered to be two different
surfaces because of different boundary conditions, ewven though both
surfaces have same unit normal vector.

5. Grid planes divide the boundary surface into a number of small areas.

This intersected area is called a surface element: e.g., Surface 6 in
Fig. 6.1 has 9 gurface elements.
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Fig. 6.1 A Simple Box Geometry to Illustrate the

Concepts of Surface and Surface Elements

TABLE 6.1 Components of Unit Normal Vectors of Geometry in Fig. 6.1

Surface ) XNORML YNORML ZNORML
1 0 i 0
2 -1 .-0 0
3 0 -0 1
4 1 ~0 0
5 0 -0 =1
6 0 -0 -1
e
7 0 -1 0
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6. The convention used for normal surface velocity v, is that it is
considered as positive when directed into the flow domain.

7. All inlet and outlet boundary surfaces assume parallel flow. It is
therefore recommended to extend the exit boundary surface by a unit grid,

as shown in Fig. 6.1.

6.2.2, Velocity Boundary Conditions

Seven types of velocity boundary condition options are
available in COMMIX-1A. Fach option is identified by the number designated to
the variable KFLOW(N). The argument N refers to the surface number.

(i) Constant Velocity (KFLOW = 1)

This boundary condition implies that normal velocity v, =
constant. In COMMIX-1A, this is achieved by simply not altering the value of
the normal velocity v, specified during initialization. The solid surfaces
with zero normal velocity and surfaces with constant inlet boundary are
considered as surfaces with constant velocity boundary condition.

(ii) Transient Velocity (KFLOW = 100 + NF)

This boundary condition is used when surface normal velocity
varies with time, e.g.,

Vo=, fnf(t). (6.1)
Here,

v, = surface normal velocity at time t,

V, T surface normal velocity at time t =0 ,
and

fnf(t) = transient function # nf.

The variable NF refers to the transient—-function number.

(iii) Free Slip (KFLOW) = =3)

Free slip boundary condition refers to the normal velocity
gradient at the surface being zero, i.e.,

an

an

This boundary condition is applicable to planes of symmetry and origin surface
in cylindrical coordinates. In COMMIX-1lA, the origin in the cylindrical
coordinate system is considered as a surface with zero area.

=0 . (6.2)
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(iv) Continuative Velocity Outlet (KFLOW = -2)

Figure 6.2 shows near boundary cells. 1let i and m refer to
the boundary cells and i+! and m-1 refer to the neighboring cells. The
continuative velocity-outlet boundary coundition implies that normal surface
velocities are made equal to the adjacent internal velocity, i.e.,

(vodim172 = Py (6 .3a)
and

[vn]m+1/2 == (g (6.3b)

-

The sign difference between Eqs. 6.3a and 6.3b is due to the COMMIX-1A
convention that surface velocity is directed into the flow domaium.

(v) Continuative Momentum Outlet (KFLOW = -1)

The continuative momentum—outlet boundary condition sets the

velocity normal to: each surface element so as to make the momentum leaving
through the surface element equal to the momentum leaving the adjacent

internal cell, i.e.

toval i+1/2

pviiliciy

(v)iiye = Viel/2 ° (6.4)

(vi) Continuative Mass Flow Qutlet (KFLOW = -5}

This boundary condition is similar to the continuative
momentum outlet, but here the velocity normal to each surface elemeat 1is
determined from equated mass flows. Mathematically,

(oA 4172 |
(v)imyyp = o8, /2 Vit1/2 (6 .5)

This boundary condition is used when there is a flow area change normal to the
surface element, e.g., a radial exit in cylindrical coordinates.

(vii) Uniform Velocity Outlet (KFLOW = —-4)

The uniform velocity outlet boundary coundition sets the
normal velocities of all surface element of a surface to a same value. This
value is computed such that the total mass flow through a surface is the same
as what would have been obtained from the continuative mass flow outlet
boundary condition. Mathematically,

L
pAV) . :
v = 3 i+l/2 . (6.6)

n

)
g (PR /0
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Fig. 6.2 Near Boundary Cells
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Here the summation is taken over all surface elements of a surface.

6.2.3. Temperature Boundary Conditions

Six temperature boundary condition options are available in
COMMIX—~1A. They are briefly described here. Each option is specified by the
coded values of KIEMP(N).

(i) Constant Temperature (KTEMP = 1)

The temperature associated with each surface element is set
initially and remains unchanged throughout the calculation.  While the
temperature remains fixed, the surface element heat flux is calculated using

the relation .
q=va(r, -1, (6.7)
Here,
U=~1_ék_-, ) (6.8)
- 4 —
h AL

where h is the heat transfer coefficient, k is the conductivity of wall, and
AL is the wall thickness. The subscripts £ and i refer to the surface

element and the boundary cell, respectively. For calculation of the overall
heat transfer coefficient U, the values of the following variables are
required as input:

THTWAL(N) : The heat—transfer correlation number

HYDWAL(N) : Characteristic length in the definition of Nusselt and

Reynolds numbers
WALLDX(N):  Wall thickness
MATWAL(N) : Material type number

The argument N refers to the surface oumber. If WALLDX and MATWAL are not
specified, then it is assumed that the wall is very thin and that U = h.

If the variables IHTWAL(N) and HYDWAL(N) are not prescribed,
then the surface heat flux is calculated using the Fourier relation

koeeh (Ty - Ty)

Q= Ax/Z ° (6.9)

Here, koyg is the effective thermal conductivity of the fluid, and Ax/2 is the
distance between the surface and the boundary cell center.
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(ii) Transient Temperature (KTEMP = 100 - NF)

This boundary condition is used when surface temperature
varies with time, e.g.,

T, =T, £ (). (6.10)
Here,
Ty = surface temperature at time t,
T = surface temperature at time = 0,
and
fh£(t) = transient function it af .

The variable NF refers to the transient—function number. The surface-element
heat flux is calculated using the relation 6.7.

(iii) Constant Heat Flux (KTEMP = 200)

With this option, the heat flux associated with each surface
element is set initially and remains unchanged throughout the calculation.
While the surface heat flux remains fixed, the temperature is calculated using
Eq. 6.9 based on the effective thermal conductivity of the adjacent internal
cell.

(iv) Transient Heat Flux (KTEMP = 300 + NF)

- This boundary condition is used when surface heat flux varies
with time, 2 of s, ’

q=q, fnf(t). (6.11)
Here,

q : surface heat flux at time t,

q, ¢ surface heat flux at time t = O,
and

£,e(t) : transient function # nf.

Once the surface heat flux is calculated at a given time t, from the relation
6.10, the surface temperature is calculated from Eq. 6.9,

(v) Adiabatic (XTEMP = 400)

The adiabatic boundary condition implies that surface heat
flux q = 0. In this option, the normal heat flux for all surface elements of
a surface are initialized to zero and remain zero during calculation. The
surface-element temperature is set equal to the neighboring-cell temperature.
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(vi) Duct Wall (KTEMP = 500 + NF)

The duct-wall boundary condition is used when we want to
consider the transient thermal response of a finite-thickness wall. In
COMMIX-1A, this is carried out by solving the energy equation for each wall
(surface) element. It is assumed that the element is sufficiently small that
we can consider it to have a uniform temperature and can apply the lumped-
heat~capacity method.

Figure 6.3 shows a finite thickness surface element. The
energy equation for the element is

aT

pC AAX ¥ =-n
p W

5t + QAAX . (6.12)

st -1.) - b A(T, - T

£ £ W sinkJ

Here, T is the temperature, A is the area of a surface element, Ax 1is the
wall thickness, and h is the heat-transfer coefficient. The subscripts w, f,
and sink stand for wall element, fluid in the adjacent cell, and surrounding,
respectively . The transient volumetric heat source Q is given by

rere, Q= QQ Q4 foe(E) (6.13)
Q, ' average volumetric heat source at t = 0,
Qi ¢ axial distribution function,
Qij : radial distribution function,

and

f£.g(t) : transient function # nf.,

The integration of Eq. 6.12 from time t to time (t + At) gives

AL t _ —aAt
T, =T+ (T T, Je (6 .14)
where
T = B - awa - asTsink
h a +o ?
W )
o = hwf
W pC Ax ?
P
h
o = _‘is_...
s C A ?
P p X
and
Qs
B = BE_ N
P
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Fig. 6.3 Finite Thickness Wall Boundary
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In COMMIX-1A, Eqe. 6.14 is used to calculate the advanced time value of the
surface-element temperature.

Tne following is a list of additional variables that require
gspecification during input for the application of the duct wall boundary
condition.

WALLDX(N) : Wall thickness.

MATWAL(N) : Material type # (e.g., MATWAL(4) = 3, means surface #4 has
material type 3).

WALLQS (N) : Average volumetric heat source Qj.

QR(K) : Axial distribution function.

QlI(1,J) : Radial distribution function.

IHTWAL(N) : Heat~transfer correlation # for calculation of hyf.
HYDWAL{N) ¢ Characteristic length for heat transfer—-correlation.
HSINK(N) : Heat—transfer coefficient hyg.

TSINK(N) : Surrounding temperature Tgi p-

6.2.4. Pressure Boundary Conditions

Two types of pressure boundary—condition options are
available in COMMIX-lA. These are (i) constant pressute and (ii) transient-
pressure boundary conditions. The pressure-boundary—coundition option is used
in conjunction with the continuative mass—flow-boundary condition (KFLOW(N) =
=5). The pressure-boundary condition for a surface N is specified by the
variable KPRES(N). The value of KPRES determines the type of pressure—
boundary condition. :

If a surface has a velocity boundary condition, it does not
require a pressure boundary condition because surface pressures do not enter
into any calculation. In this case, the value of KPRES is not required to be
specified. The code automatically nominalizes its value to zero.

It is important to note here that the pressure boundary
condition in COMMIX~1A refers to the pressure of the boundary cells. It is
therefore recommended to apply pressure boundary to

(1) A surface with one surface element, or to

(i1) A surface that 1s normal to the direction of gravity and has
parallel flow

as shown in Fig., 6.4. Figure 6.5 shows a boundary cell m.
For a constant pressure boundary condition (KPRES(N) = 1,
KFLOW(N) = -5) for a surface N, the pressures of all internal cells adjacent

to surface N are initially set to the value = PRES(N). These values then
remain unchanged during calculation, i.e.,

Pm = constant. (6.15)
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DESIRED PRESSURE BOUNDARY

Fig, 6.4 Recommended Surface Arrangements for Pressure Boundary Condition

NN N NN
Je

w\‘*PRESSURE BOUNDARY SURFACE

Fig., 6.5 Boundary Cell Adjacent to a Surface with

Pressure Boundary Condition
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For a transient pressure boundary condition (KPRES = 100 +
NF; KFLOW = -5) over a surface N, the pressure of all internal cells adjacent
to surface N are calculated from

Pm = Pmo fnf(t). (6.16)
Here,
Pm = pressure of the adjacent cell m at time &,
mo - Pressure of adjacent cell m at time t = 0,
initially set to the value = PRES(N},
and
fnf = transient function # NF.
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fiek 4
11. OPERATING COMMIX-1A

11.1. Toad Module Creation

In order to ease the task of creating load modules (binary files)
to fit the size of the problem being considered, a quasi-dynamic storage allo-
cation scheme has been implemented. Space for most of the geometry-dependent
variables is allocated in the variable § of COMMON/SPACE/. . The address of
each variable is computed at the beginning of each run. These addresses are
then passed into called subroutines where the variables are named and variably
dimensioned. The total length necessaary to run the problem is compared with
the storage available in COMMON/SPACE/. 1If the available storage is inade-
quate, execution terminates with a message indicating the space required. By
changing the dimension of S in SUBROUTINE ALTER to the value indicated, and
then recompiling and relinking ALTER to the existing load wmodule, a new load
module of the required size can be obtained.

Our practice at Argonne is to maintain what we refer to as a base-load
module 1in which the COMMON/SPACE/ variable 5 has a dimension of 2. By
executing a problem on the base load module, one can determine from the output
the exact size of S needed to execute the problem. By specifying the appro-
priate dimension of S in SUBROUTINE ALTER, compiling and relinking with the
base load module, the required 1load module can be obtained quickly and
inexpensively .

1l.2. Steady—state Calculation

11.2.1. Introduction

We perform the steady~state calculation for one of the
following two reasons: (1) when we are analyzing a steady-state condition,
or when we are (ii) obtaining’an initial coadition for a subsequent transient
analysis. :

As mentioned before, the steady—state calculation is
treated as a transient problem. We first prescribe guessed distribution as
our initial condition and continue transient calculation until we obtain a
steady~state solution. We define the solution as reaching steady-state when
the values of the variable stop varying with time, i.e., when the steady—-state
convergence criterion (Sec 10.2.3) is met.

To start a steady—-state calculation, we prescribe

(1) Geometrical information,

(ii) Constant-value boundary conditions,

(iii) Our best guessed values as initial conditions. To
-save computer running time, it is recommended to
prescribe initial guessed wvalues as close as
possible to the expected solution,

(iv) Control flag ISTATE=0, and

{(v) Control Flag IFRES=l.
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The control flag IFRES=1 implies that we are starting a
new case and that at the end of the run we want the results to be written on a
restart tape 10. If we do not desire a restart tape to be written, then we
prescribe TFRES=0.

11.2.2. Geometry and Initial Condition

Hex Geometry Option

This geometry option is specifically designed to facili-
tate easy input for hexagonal fuel assemblies. We only have to specify
geometrical information relating

(i) Geometry and partitioning (IGEOM, IPART),

(ii) Axial partitioning (KMAX;DZ),

(iii) Fuel Pins (IGEOM, CLADOD, PITCH, WALLCL),

and

(iv) Wire wrap (IWIRE, WODIN, WODOUT, CWIREI, CWIREZ,
ZATO, WIREP).

The description of all input Fortran variables is given in Appendix D.

Box Geometry

We use this option for any geometry other than hexagonal
fuel assemblies. In regard to the geometrical data, we specify

(i) IGEOM=0 to indicate that we are using a box geometry
option.

(1ii) Maximum number of cells in all three directions
(IMAX, JMAX, KMAX),

(iii) Partitioning in all three directions (DX, DY, PZ),

(lV) Number of surfaces and their unit normal vectors
(NSURF, XNORML, YNORML, ZNORML),

(v) Volume porosity and surface permeability. We
provide this dinput in the internal-cell initial-
ization cards (Appendix D). The default value for
these variables is 1.

Boundary Conditions

In regard to the boundary conditions, we need to specify:
(1) The type of boundary condition desired for each

surface. This is done through variables KXFLOW for
velocity and KTEMP for temperature.
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= (ii) Initial boundary values for all surface elements.
We provide this input in the boundary-cell initiali-
zation cards. If we have uniform values for all

N elements of a surface, then we can speclfy them
easily by using the variables VELOC and TEMP for

velocity and temperature, respectively.

Initial Condition

We need initial guesses of pressure, velocity, and
temperature for all internal cells. We input these values Iin the internal-
cell initialization cards. The other ancillary information we require to
provide as input are in the following areas

(1) Time step,

(ii)  Output

(i1i)} Rebalancing regions

{(iv) Distributed resistance (force structure)

(v) Distributed heat source (thermal structure)

(vi) Heat source,

(vii) Convergence criterion,

(viii) Turbulence Model,

(ix) Iteration sequence.

11.2.3. Steady—state Convergence Criterion

We define a steady-state solution as being achieved when
the following steady—state criteria are satisfied:

(1) (lé%l) { ez , and
max

(11) 'L”'-) < ey, and
u max

(111) (l%EL) < e, and
max

(iv) (i%El) < ez, and
max

(v) Ialmax < DCONV

simultaneously . Here, & is the mass residue, €, 1is the steady state
criterion, and DCONV is a parameter calculated using t%e relation
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DCONV =

€55 and €3, respectively.

11.3. Transient Calculations

11.3.1.

‘ by ey Jah + 11.1
€1 { & + Ay + Az ) €2 ( )
max
We recommend the wvalues of 10—3, 10'5, and 1075 for the input constants €,
Introduction
In COMMIX-1A we consider any one or a combination of the

following conditions

can make a problem transient:

(1) Transient velocity boundary condition,
(ii) Transient temperature boundary condition,
(iii) Transient power distribution,

(iv) Transient heat source.

For running a transient problem, we follow the procedure:

{1) Obtain a steady-state solution using constant-value
boundary conditions and guessed 1initial distribu-

tion, and write the results on a restart file.

The

constant values wused to specify the boundary

conditions are the wvalues at time t = 0 of
transient problem.

the

(2) Run the transient poroblem using the restart data

and the following additional input
(1) ISTATE = 2,

(ii) TIME = 0.0,

(111) KFLOW(N) = 100#NF. This is to specify the
transieut function number to be used for the

transient velocity boundary condition
surface N.

on

(iv) KTEMP(N) = 1004NF or 3004NF. This is to
specify the transient function number to be
used for the transient temperature or heat-

flux boundary condition on surface N.

(v) NOFPOW : Transient function number to be used
to describe the normalized power transient.

{vi) NOFQT: Transient function number to be used

to describe the normalized heat source.
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(vii) TVAL: Values of the independent variable
(time) of the transient functions.

(viii) FVAL: Values of the dependent variable of the
transient functions.

(ix) NEND(N): Number of pairs of discrete values
used to prescribe the traunsient functions.

and

{x) Other ancillary information, e.g., time-step
size, output, etc.

11.3.2. Transient Functions

In COMMIX-lA we use the relation
F(t) = F(O) * £(t) (11.2)

to prescribe the desired variation of a function with time.. Here F(0) is the
value of a function at time t = 0, and f£(t) is the transient function.
Following is some wuseful information relating to transient functions. in
COMMIX~-1A:

l. We prescribe a set of £ and t wvalues for each
transient function. Cubic spline-fit coefficients
are evaluated in COMMIX to approximate a transient
function as a polynomial,

2. We can prescribe as many transient functloms as
desired.

3. All transient functions are normalized with respect
to values at time t = 0.

b FVAL and TVAL are the Fortran variable names for
prescribed discrete values of £ and t respectively.

5. NEND(N) is used to prescribe the number of discrete
' values for the nth transient function.’

6. To make FVAL and TVAL as one-dimensiomal arrays, the
following sequence is used: The first value of the
second function immediately follows the last value
of the first functlion. The same pattern is followed
for all subsequent functions.

7« Discontinuities in a function can be indicated by

speclfying the same t values twice with the same or
-different F values.
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11.4. Input/Qutput

11.4.1. TInput Date File 5

Input Data File 5 1s described in the COMMIX-1 input
description. This description exists in 8D column card image form and accom-
panies the source deck of COMMIX-lA.

This input file is a mixture of NAMELIST and formatted
input. Currently, it is read and listed at the beginning of each run and then
“"rewound"” for subsequent reading.

11.4.2. Printed Output File 6

The printed output from a COMMIX-1A rum is written in
File 6 with a line length of 133 characters, column 1 being the carriage
control. The input data from File 5 and some summary information dependent
upon the problem being run are always printed. The bulk of the output is,
however, user specified and controlled by parameters such as ISTPR, NTHFR,
NTPRINT, and TPRNT, which are deseribed in the COMMIX-]A input description.

11.4.3. Restart Capability

The restart capabilities of COMMIX-1A are programmed in
SUBROUTINE RESTAR. Blocks of information are written to File 9 which can be
read by a subsequent job from File 10 in order to continue processing from the
point at which the restart file was written.

Restart files are optionally written (see IFRES) in any
of the following three events: 1. steady-state 1is reached; 2. the time
specified for the job has elapsed; 3. a specified time or time-step has been
reached. The first event is indirectly contrelled by the convergence para-
meters. The second and third events can be controlled by variables described
in the :"Restart Option" section under "NAMELIST/GEOM/" and the "Time and Time
Step Related Parameter” section under NAMELIST/DATA in the COMMIX-1lA input
description.

After the restart information has been written to Tape 9,
several additional records are written. These records contain in effect a
snapshot of the simulation as it existed when the restart was written. Several
types of plots can be obtained from the file. These are described in the
section on Post Processing Graphics.

11 .4 4. Plot Tape File 76

Prior to reaching steady state, it 1s generally adequate
to obtain plots only for points in time at which restart files are written.

Once steady state has been reached and a driving tran-
sient force turned on, however, it is often desirable to save a complete
history of the flow and temperature fields. SUBROUTINE PLTAPE provides this
optional capability (see NTPIOT in the input description). At the beginning
of File 76, a group of records containing geometry and properties information
is written. Then at user-controlled time steps, the entire velocity and
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temperature fields are written. From this file one can obtain a variety of
plots as described in the section on Post Processing Graphics.

11.5. COMMIX—1A Error Detection and Diagnostics

While it is generally impossible to anticipate all the error
conditions one can encounter when dealing with a system as large as COMMIX-1A,
some attempt has been made to provide information that will gulde the user
through abnormal terminations.

There are many places where key variables can be tested for mean—
ingful values or where certain paths of a branch statement indicate error
conditions. Some of these have been coded to call SUBROUTINE ERRCHK. This
subroutine prints short error messages and determines whether processing can
continue or must terminate.

The "Error Messages" section in the appendix to the input descrip-
tion contains expanded explanations of the errors incountered.

11.6. Post Processing Graphics

COMMIX~1A Output has two options for magnetic storage devices:
1, Restart Data
2. Transient Data

Restart data contains the information to reinitialize the calcula—
tion from whatever calculational time step the CODE WAS IN WHEN THE computer
ran out of real-time.

Transient data contains Restart data plus calculational cell
particulars such as vector scalars, temperatues, etc., at steps throughout the
calculation.

There ave graphics packages to specifically plot velocity vectors,
isotherm contours, cell temperatures, and specific variables vs time. These
packages access the restart datasets or the translent datasets and pick what-
ever time step(s) are wanted for a given plot.

=

The graphics packages available and a short description of their
capabilities is as follows:

TSOTHERM

(1) Plots contour lines of isotherms om a cross—sectional planar
map of the gecmetry at a given point In time.

(2) Prints cell temperatures on a cross sectional planar map of
the geometry at a glven point in time.

(3) Creates a lémm motion picture of the isothermal contours
generated over a transiente.
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VECTGR

Plots cell velocity vectors on a cross—sectional planar map of the
geometry at a given point in time.

TODISC

Creates a dataset of time-dependent variables from COMMIX-1A
transient data for subsequent plotting by a routine called
GRAPHICS. .

GRAPHICS

l. Plots time—dependent variables vs. time.

2. Does comparison and/or averaged plots of two datasets.

COMPARE

Given the data, compares data using optional smoothing technigues.
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