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Parametric Study on Thermal-Hydraulic Characteristics

of High Conversion Light Water Reactor
. *
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To assess the feasibility of high conversion light water reactors
(HCLWRs) from the thermal-hydraulic viewpoint, parametric study on
thermal-hydraulic characteristics of HCLWR has been carried out by using
a unit cell model. It is assumed that a HCLWR core is contained in a
current 1000 MWe PWR plant. At the present study, reactor core parameters
such as fuel pin diameter, pitch, core height and linear heat rate are
widely and parametrically changed to survey the relation between these
parameters and the basic thermal-hydraulic characteristics, i.e. maximum
fuel temperature, minimum DNBR, reduction of reactor thermal ocutput and so
on. The validity of the unit cell model used has been ensured by comparison

with the result of a subchannel analysis carried out for a whole core.
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Reactor Core Parameter, Unit Cell Model, Current PWR Plant,

Subchannel Analysis
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2.1 BSESREKFISYPEFIL

211 & B
A 100 Hkwit PWR 7°7 ¥  DPFRLR U Z OB ENOA BB T A Lick Y, Sixik
BKP A2 5, L THRLLAOKESBERBOAELEDLLSVEDET B, BRE
T35PWR 77 v rOXEERETAE Table 2.1 L3,
1) EHER
4 v-7 PWR ORNEBABE AL B, FROBEYON, LF, FTHREAEGEERL= 750
W, BRAAON DR, FLOSIERITELTEDL DET S, $1, 2044 XIBLITFD

BN THS.
M £ 1 4400m
Ea & o. 12,900 mm
Fw b L TRE 773 m
J-— KL IRE 700 mm

(2} —KSEMIEE R O— KGR 7
SEDOFHBETRALERL OO THMEERT S, /7L, Rrvy70Q-HEHRBRATESA S
nHrsvoLT s, :

Hr=AQ+B

T, Hr  #r7HEE(m)
Q D ARERE (ni/s )
A,B I HEPWR 77 Y FTEHERAINTVW Sy TP GRRESNLEHRT
A=-23163 s/nf, B=192.69m
HL, LROBHARUBEIMBOK L DGAMN - /BTH 5B, T, ~IRROETIREFE
Mk D§6ke/cdT, £DHHIFLEC BT 2HIEENINL TS %,
{3) HAFEHES
HRAFELROTE/YT £ — 4 % Table 2.2 iTRT,

2.1.2 HlLEFN
(1) e
BEHL Pu0;—UQ: C, PuDELET~8w/o bt T3, TOEBHEEILBLETH 545
Ly bDF 4y Y2 B5ELTRBET B, HEBER, AX—H—E LTI TV THE
T+ 5EERHNEC4mDSUS 304 &F 5, 48, ) 7OIRIE0.4mE L,
)y Fa@H+ 5BAZHESTmO Vv of 2FRHT A, <Ly P EFEE LD

_27
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vy TR 017Tm (BRER) £45, #R7LF L3 LT3,
(2) ALK
B REMEFAERL, BSR4 211 RT3 BLAOBEE Y hoEBRINS
ANERAELEN S, 7o N —BRUSSBELSEARC Y FED3 500D EEZ B,
BEESEORRIILITO#ED &3 5,
g a5k Y v D 331 271
#?OoE v v % 313 259

rT T S N 12 12
TOMKE#EY 6 0
B FilwA X

YA X (FHISEER)FNT A -7 LU BHEMAPWR ENAEBNICNE 5 & 5544
ET 5B, BL, BANKE-THERRZRKE(ULE-THRVEDET B, FLEAALEE»DS
MRS h, TRESIR DR, o 1/6 MHAHT 5 b0 ET 3, |
@) EAEEy FETT 0 FE

RN GO ) TRASR—H— OB, BAEYE y FOREICK > THLEE, DNBR b
HoTRENRLNE, WAMY v F RS LCBE, BRAFRHRIEAL, boFELoE
BLHENT 2 LV IEREET B, 557 4 — 54—~ 4 TREECR' R OB £R5THIC
P AT EEERLT, BARE y F 20X B VEREREL 7.

TNy FAR—H—DEFEEIE, BOORELEBEBCANTY ) » FEBREEBHPWR O
DLV BATDEH 0 S 0 cnDFEMICINE AL TOLH B EL A,

FLEE Le (m) 70w F¥ 70y FREE (en )
2.0 9 33.3
3.0 12 #
3.5 13 34.6

2.1.3 HHLve s 4 — 7 Lz OFEH

EALSE T A -5 L 20EHBBLTOED TH 5,
ErEfE, D{m) : 85~10.5
E v F, P(m) I 9~14

P/D D1~ 1.4
FiEE, Lo (m) @ 20~3.5

b DRNALGANT /Ty F
EERETTEE, qu (kw/m ) 1 16~ 20

HFy bF ¥ 2 VEF, Fyu D15, 1.6, Fig

ZZTFaldidy bF » Y2 HOCHHIKRDEESIEEICIEL L3y b F v+ v 2L
HFTHd, zOMOETENT A -4 3HER 100 HAlw, ;A PWR 77 ¥ + Z2BICLI Foic[EE
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oL B A



JAERI- M 88-224

FFRASHOEE @ 325°C
WA ZAHREBESE L 5%
fFous & B K 158kg/cdG
BR7 7/ FRAR 1 112

WA AnHm o -2/ F=1.55D cosine 7
2.2 WRWAHE
2.2.1 BiiELEFu

ENG A= F—RALBOT, FLEHE—ROBEC Y &2 0O/ D O—RTRIEHRAD» K
LB ENVTREINTV S, -7, FHERBI B8tV Fig.2 1l iRt L HHE -
DY TF v+ /FNWEDEKERTH S, DNBROPBHESEESZ O+ » b F+ ¥ 2 MTHs 55T
BT, FEWRRARLEA PWR 0%t & AR FERE e Mo L TRE » 78 ( THWR)
D5 B EREL T B,

2.2.2 JALER, BIMRERISHMER

FOLEE, wHMRERUZORBRUTOL I KEHEEN S,
(1) —kSENRHE
—RISHIARRRILFOQ —HEHES, SHIT 5,

Hr=-—23.163Q+ 192.69

M 1
X
40, 3600

Q=

)2 pin,ﬂ 'Oa\nﬂ

HT:HC +HR,0 ( 0.0
in av

M
M,
TZT, Hr | #v7H%2 (m)
He D FLER (R )
0gHc=4dPc (P,), 0=1000kg/nf
Hg @ FLUAOERE (m)
Q I FEVYT1ELE)OEHFERE (m/s )
M . SEIMAEE (ke/h )
O ISEIER (ke/ i)
BL, RFEEILooddPc LHOBREDHO—RIE, 4 COEETH S,

THY, BEF in, av, 0RBEFNFNEL(ENSESE ) AL, —kFRFE, SR PWR 75
Yo RBFAEETTLDET R, HoTUTORTHESN S,

T,,+T
Tav: in 2 out
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‘oav = fJ! ( Tav )
CZTTo BEAFESFHOEETHY {, IMARKEZLOABICLDRTESNB 2 E45RL
TWh, REFETH

Hg,0 =42 m ( 42%ka/ct )
Tino — 552.2°F = 289°C
Tov. = 584.6 F = 307°C
Mo =60.1%10%ka/h

CEELTWS, N ERD Q-HFEOERER T, BIRLTEY
0gH=4P ( 0=1000kg/f)

TEDLENBZELTVWALEEZFET LZHNEMNE B, T/, AHEEFATH, BEAPWR
T Y NEREEICLT, FLFEA ECE s E—RBEFRB ISRV E S,

(2) FOADROHOEE
HENBERBRE T, 13 325 CREESNTHD, FOADRERENBERAORE ES
LOERETE 20T, FOADEE T), REHOBE T, RETORLDHETE 2,

Q
Hin :Hout - _‘MT—
Qr =QT,0 * Qr

Tin =1 (Hin)

227, Qr, Q @ FLHARUCHAREDES

Hou D EHRBEOL vy re—
Hi, D EABBAOZ VY Y —
M L —RRHE

W, M CHING == 1| ey

f, DEERERRE

Th&y, PLHEERER

Tavc — Tin +2Tc out

LT 5,
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(3} #FL R

FOHIRR Fig. 2.1 1R L7cBA 2 Aot LTRD (v ) SESERE T, KB 29E
ZRAVCTEHET B, FRHIMRRIE—KRREDL A NXHBEEZBROVAEM W, TH h,
ey (B2 ) BN i3

QT

N = ——— .
B ar * L¢

LT, qu - FEEBHD
Le D HLEE
fl» TR VERNDIRE M, SEBHEHEGE, #hFN
M =M.Wr:M.Wr'QL'LC
cell N'I‘ QT

Mceli

G =

ps

CLT, ARBALRBEETH D, 24 50) T2—4 KUY » FRELTHRD
LHIEET B,

V3

A=——2mP2-%D2—3(P—D)b (24501 7)
Az%PZ—TﬁN (70 k)

22T, bRV 7DBTHD 0. 4milEEL TV B, $/, KNEMEE D, BFhEh

4 A e
Pe= 2D 6(P-D) (RAATMIT)
4A e
DE*ED (ﬁijj}‘)
TEEEND,

FLEEE LT, AOBRIESR, 7y Ftk 3 BEROBEEEICL 21854 ZE L TH
A0, THHULTOLSRFAEEN G, 20OMONMEEBARUENCL ZBELEEOHIC
AELTH 3,

A4 5 0) TAGERTB400

APC:(Ki + ]fDEL) "’a\;ug

ez, Ky ADKEBEER (AHETR K, =1.2)
L HbESLe +7 Lok
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f 24 50 TOEREREK
13 Rehme OR ™™ £HOTRO & S I BT 5,

f=Ff{’

F = (%) 4 [7.6 ——((PH//DD); 216

=017

Cx0.1317 x (Re”) Re’ 1.9 x 10*

C X { 0.1317 x (Re’ )™ +»£g—,~ -3.2x107"}
20<Re’ < 1.9 X 10
Re’ =Re+F (Re : w1 /s vZH)
1 P/D> 1.03
C={
P/D-1
1.6 exp(_ 005873 ) 1<<P/D<1.03

IROYMEMR E LT T,  KBF3EEZHO 2,
) oy FA(EAS B0

2
APC==(Ki+ ;L + nGCvez)-fﬂ%lL
c

ERTHLH—, I, $EHEEET AT, ADBRIESR, 24— 209 F OB EEAK
BTy FICEBEBARL TV Bo neg 7 )y FRTHY, K, = 1.2 KEEL T 5,
{13 Prandtl -Nikuradse OBE@GIEESOTHUTOL 5icitad 3,

f=4r5 + Cs

. 1
frs = L 2log (Rev'dps ) — 0.8 )7

Cs = [lfexp (—%)] . [1.036+o.054 (—3—1)]

70y KTk BTEERIE Rehme "Itk 5 Cy ERBHER itk - TEHRS N, #h#h,
YHE3 RUISEER PWR OFIEL D i L <L FORAR T 5,

Cv:lz
€=10.6957 —95.39 {P-D)

BL, LADPHLIUDRmBMNTEL N E, KNI 3 LB LBESEOEEA2525%
DTH S,
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hEiEsk & EiT & AiB%
InEBk 4P, FESCLBEELAP,, BRUTOXTHES 5,

A Poee =G (pim - ;n)

4 Peg :.Oa,m g L
CNSESHIFLERAP,, i

4P, =dP. +4Pp, . +4P,

2.2.3 DNBROHE

DNBR O I COBRA—NC DRSS £ — & -~ 1 5B I MBs{L LT,
GAPCON-THERMAL?2 = — it %A%, Fig.2.1 Rs B« = 5 v e E L i,
ZOBE, Fy b F e A ADOEERRG, BAPWR OB LERICEETRESE S 203 ¢
HHOE L1,
(1) KEHREEIRE

hw bF e vREF (Fuu ) LT, BURERBENIA—FIEATOS, TDHEELT
i, Fqu= 1.5, 1.6, FiuD=m%&A, CTT, Fiju&id, & bFv ¥ XVHOERE
BROFMEFE LT EVCHSEHIORESNBETHY, FESAD - HOBREH, S, KA
TREH&EN5,

Thot :Tin+F§H (Tout_Tin ) :TS(P)

ZTT, Ty, ACERE
To  HOEBHE
Thor Dy MF e v BINRE

Ts(P) : #AF0EE ( 159kg /e TIFH 345.2°C)

(2) whEH IR
AR mE, SEAEFEEOHM 1.55® chopped cosine D HARET B,

(8 DNB #HE=
4 )
DNB#BIR & LT, ERKIKMMER' @A Lk, £, LEOLDICEPRIEER

T & BFHIl 67T - oo T S OB OEH#EEI% Table 2.8 IWRT,

14}

K f KB

A+B4H,

6 CrT oy
Gegr ( 10° Bt/ hr - £17 ) A

0.25 «G+D=+ 4 +F, »0Q

A=
1+Q_2'F2'G‘D

B=025+-G+D
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1+G J

Qy 'FS(G'D>1/2
De

c’ =

CZT, D=D, - Fp (D, @dKIEMER)

Fp=0p/¢=BAHORAEE ~+ v 7/HF

P,=10"%p ( pid%OHF( psia) )
Fi=P"™ exp (1.17(1-P,))
Fo=P, " exp(1.424 (1-P,))
Fe=P, " exp {1241 (1-P,))

G  BERFECI0°Ib/ft h)

A © OFEFME( Btu/lb )

dH;: AO%727—1¥s(Btu/lb)
Z 1 AOLLOEE( in )

Z _ —
Y= [ 3 dn/F0)

Voo )y PR o i

Q. = 7.540
Qs =8.783

Ty FAR=F—NFA—g VI, 254 500 TREZY » Ko LCUTOXTHE S

Nbe

V=1=26695 (F™" —~1)X[0336+009G—0.697 exp(—2.68G) ]

V=—0252—2.T8% exp( —3874G )+ 1.91b exp(—0.234 G
CTYwF)

B&W—-VPI&SU(EPRI AR "

N oy FRUERANA 200 THAICH LT ToORXEERE NS,
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Begr { 108 Btu/h» {t%)

_ D-G 0 h \as D:G Oh\a [ 51, .
_Al(h;hi az) +A3(hz,hi ‘—z) LAs dHi+ 5 (zooo—p)]

7T, D . heated perimeter IE S AKIEMER ( in )
G Co—AVEEREC10° 1b/h - £17)
h,,hy: BE#Mz vy vE—E AN Y&~ (Btu/lb)
dh .
5, TR—haIvEILE—F3F v (Btu/lbin)
A4H, t AO# 74 —) v =h,—h,

hy Dfuflk v s v — ( Btu/ib)

p D ROES Cpsia )
%—hj = 0123

A, = 2.8591

A, = 0.51796

Ay = 0.023018

Ay = 0.63960

Ay = 1.2614

2.2.4 BREHRERHT

WEHRE O, Bah ol ey oBREE BT 52 8 TE S GAPCON - TH
ERMALZ =7 — FP&H U7 ( EBicid, DNBREHEAIAIAAL GAPCON - THERMAL2
~HCza—FZHROVKk ), K2 - FRELZHETHUTOHREAZE LT3,

s Fr oy T UEF S ROEA

s WU A R DERR &

« Ny bOBKEE, BHEHEREE

- Bl AT '

BhER RN IATEIE DNBR offth LEIEE Lo, RFFECACEHRERT € 7L
ORI AR 1 R Ui

2.2.5 _IRFROHEI X BT RDES

ERREAIE T TS LS A0 A DITFLERLIINT 3. 7 ORE, Wi kEs R
L, FOHNEEABEA PWR SALKT 50 FOAOBEAET S5, FHOLADEED
EF, ZLRERDSO—RBOHDBEDETEEKT 5, 708, RROESEE R
DEABETL, Z25ENEDT2, BHPWR 77 ¥ RIS —EVEF#AL TV 728
iy —EVIHAMERNL, 2OETE, BFRSENOETICL » TRUEHEFEE S0,
AEECR, ¥ - CvHANETY, SRERIFNOETICHEIT 2 LEET S ik,

_10__..



JAERI-M 88224

BN R EIS A LT OFRC & -» TFHES %,
TRRERENAEPs, TOBTEENEGBL,

Ps :Kps,o

LT, REORZBAAHPWR TOEAEEL LT 5, FLEEH Qr iz B RERR & » TRD
XAl s,

Qr :KQT,U

RIARESCRFEIRATERbEN S,

Qn=UA4Y0
46— = Te
CCT, Qn  —RESHEEY D OFTREA- T (W)

4
U @ REREFMKE (W/oC)

49 o JECESEEE (C)
A ARSFEEHEEERE (o)

T, | —REHSEMEE="T,, (T)
Te | —RAEMEBEEZ=T, (C)
Ts | HIEE (C)
+ERXo,
T, = T
Ts =T¢ — exo ( UA (hTh—%c ) ) 1
Qv

L, TIRBAESKTE
Ps =Pgs ( Tg )

—F, MEBEHRGEH UL, F0% PWR 68 ERFKIMIERET AL LiITL» TR 5—
RS EMEEDOEALOFSE,

1
0 {02x6%%)”+&6+&1x(i?iﬂ“5+01}

N, 0

U=7u

L1353, BHAH Qr DBO—RRESEHM S, 22 28HOFMETHESNS, L Lod%
EEiciE T S 2RMH LItk D, FLARNELEEHRES NS,
AERFICHN Qro, Mo, Us, Pg,o RPADEE Table 2.2 KRS HTY B,
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2.2.6 EFEa—F: GAPCON-THERMALZ2-HC

NG A — 5=~ FHEICE, GAPCON-THERMAL?2 = — K4z, DNBR i H
W COBRA-M C AR L Licv—F v 2l Aadtr & L bic, RilRoBeE ( Ry 78, 5%
AR, IIEFMES > 2B L7/z0— F GAPCON-THERMAL2 —HC #HU 1, &2 —
F O AFE 3R L,

2.3 HANUDLEELETLFLEDRE

BRI N7 A — 7 =N A RRHLICH I - T, PIHEHANT D LFEE 7L+ L RERE
THRENS L, AHETIE, 2. 28TH~<k GAPCON-THERMALZ2~HC 72— F&Z AW
FHEE - <A GTEETY, 2OBRICESOT, Filvys 42— (EVE, AiEE, Bl
EEE) LKLY, —ENCHANI Y LERUT L B2 HE LT

BELOFREHHIR & L TRk o &E 2 7,

© BEHRERE ( Ty may ) PIERBE ZEZ T0,

@ BT LFLARE (P ) BFEEEARZ S0,

BRERIREIR, RBAKF 2550°C, 50 GWd/t #EEEF 2390 CTH B, BT L+ AHNEDH
MRiE, AT hHE5ERATSSUS 304 OMALTTHEEVIEFE LD, LUFOL3iC
BHL Ao

20t

Pox = X 100
T, P @ HBFEANE (kg/ed)d
o . AEARE Cke/md )
t D HEREERE (o)
D : HAEEAE (m)
SUS 304 D Suftiid 325°CTH 40 ke/mf™ TH B2 G, 6=13.3ke/nd, €72, t =10 4m,
D=105bm&d BEP, . 138 102ka/cd (£5 100 atm ) &7 5,

H RS R (SE@IBAT 2oL ) 235 GWA/t & L, AY — <A HETIR, Fov b F v~
FVHFE, BEEELDRESNEFIR ICEE LT, #-T, RiBTREY M+ VA VE
TN A = F IR LT 1.5~ 1.6 DEPHDME &L - TS, GAPCON-THERMAL
2-HC=z—FTl, 7LroWE, BEEESEF Y P F+ Y 2R L TGIHELTHWEZ &
o, BAEDHUBEEIZIOXN15~1.6GWd/t &1 -Tw3, Thid, EBENKEERE
HKAFIC 313 5O H UBABEE 2 BB O LR AW 1.2 7 T B EAEET L &,
EEVIGE D H UBREEE 43 ~ 47 GWdA/ t it L T 5,

H— NS FHEORRE Fig. 22~ 2.8 IKd, Fig. 22 @7 VvF+ AR (Lp) /85 24— %
ELT, HANI T LEEBEESERE (T nax ), EYHE (P ) OBEFRERL T 2,
Tt max BHANT T AERU 7 LF bRCBFAREEBINT, OTFNOBEAES 1900°CLT
THY, 112 BEEMELAZE L TCHEREALTEELORS, —FH, EYAEG, HAICKRS
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IKEL, BAN D LERT T L F AEORTEIE, ChohNRYRAFEL TS, TO
BN (KRR ) T, BA~T v2FE 10atm T7 L F 4EH68 cn, 20 atm THSL
BB ETH D, BE, KNOHET Fu OB 1 BUTTHD, WF=153L1H-T
WA, '

BHAENT AL TR LEON Fig. 2.3 Thd, LOEE, BEI 2w/ m ENT 52
LTk D, Fun 381 BRAD L TOBH, T 389 150°C LR 5,

Fig. 24 3FLEIENTA -9 ELKIBATH S, COES, BEMBEVRERYE Y EEHR
NHPPNELBDERFPEEGPILHBEZDOTE YREIZES S0 BT Tp e KB LTHE, &
vy P F e Vv AOHDER PN (HERELD FuPRE(TEE)350T, FLEESH
BORAELLE S, A, Fyu @FLE32nRkU3nTEhEF 1684+ 1.4% TH 3
(7L aREEHBNEV ), 2nd53ndda ik, CyrAFERHIG atm#EML,
T max 1233 100°CE T3 3,

Fig . 2.6 BEYEw FHESNT A -5 ELBAETES, EVyENE—HOWE, ©u FAKE
WABIELERANE D B 23 ) OREKERSEMT 20T FmAidRE 3T L
WHRETH B, #-T, Fow b F v VFD Ty o RECVYRFEREMNT 2, €0 F211mbp
512miCEilE B C Lk - T Fyn 8 L5345 161 L TWh 5,

Fig. 2.6 BEvEEZNI A5 ELIBETHD, COMBE FumitBLTEy 7 L
2 TWV5, LELESSEEYYORNEE (FRABE TRV ) BEKBCED S -DiT,
Tt max MPE YHE~NOZBERE Y FEELAEAIDEREI L, FygdD=85m, 9.5mic
WLT, #FN, 159 & 163 LM -T05,

TV F LRAEZ BB ARDEE~OFE % Fig.2.7 L 281 d, Fig.2.7 35,
BANDNBR EBBEHICEDRES Fypld 7TV 2RBICREASEEBINNTVI E bd 5,
ZFEHE (4P Y EHELEERE (UL iT50TiE, 713 2&%50cmd 5 100 cnic U HEEH
5 B DEEBRL LN,

PlEDG 2 — 54— <A OERICETHT, ANV TLERF 7 v LEEZLUTOLDIT
REE L7z,

© FHANYTLER 0 atm £F 5,

Fig.2.4 5, ~ ) 9 AESESZIEBECyAENEL L) BFRERSALNE, L
L7435, 10 atmBAFIC LEBE, Tr e @HENN, PCMI OEE, #ETED7 ) -7ED
HEBSEETEN NI EMTFHENE,
® TvFsEdimEl, EFE{,

TREOBICHELAEHRUTOEY Th b,

1) FrF aNERT L F AEOREN STRELSTVF LEBLORE B, =T, &b

fEE Y, LDEWFLEOBERZNHATRBAVBLETH %,

i) FEMEEE ( PHEBA L) £ 35 GWA/t 25 45 GWA/ ticd 3188, 7T Lriakl

mTEFF 18 ke/ mE TRIEHAENTE 5,
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qr = 16 kw/m, Bu=_35GWd/t, Lp=1m — #¥ 68 atm
Bu=45GWd/t - # 85 atm
Bu=45GWd/t — #1105 atm

AEETIE, BExLy P EREFEOX» » 7REEPWREFEL 0.085m& LT, FPAHXR
BEREAMAE IR LUARXEAC TV, Fig. 290K, ¥+ v 7REFPREXOEE AR L
Foo AR LA FP ERoOkE T, — « — 2K 28R L ZREROBAT, -~V @
R Yl T a - DAY (% e

F(x)=30.1+1.880X—0.01804 X*+7.828x10°X* (X<70)
F(x) =100.0 _ , (X=>70)

F(x): M (%)

X DRRE SRR (MWdA/t )
EHOCIBETH . AR THEL, F+ v 7BE01m( ——xX—— ) o5 XE 1A LNS
0.003 in ( 0.076m ) & LABAEDEMERL T B, 58, 0.086mDGHE%E « TR L7,
AR»ohhdLDT, F¥voy 7B, FPRHERAEHIT, Ty b RUE VRERRREGEELES
ZBT &M, FHEEITRMERTSEELL Y LEDD 5,
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Table 2.1 Specifigation of 1100 MWe PWR plant

Output
Thermal output 3,423 MWt
Electriec output 1,183 MWe
Thermal efficiency 34.6 %
Coolant
System pressure 157 kg/cm?
Inlet tempersature 289 ‘C
Qutlet temperature 325 °c

Total flow in primary loop 60.1 Gg/h
Core

Active ceore length 3.66 m
Equivalent core diameter 3.37 m
Average linear heat rate 183 W/cm

Table 2.2 Specification of steam generator

Reactor therma!l output 3423 MWt

Heat transfer area 4780 m’

Overall heat transfer coefficient 5.9%10% kcal/m’h’C
Primary lcop flow rate 60.1x10° kg/h
Secondary loop steam pressure 62.5 kg/cm?®
Secondary loop steam temperature 277 °C
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Table 3.1 Specification of HCLWR-J1

HCLWR-J1 KfK (homogeneous)

Core thermal output 3411 MWt 3730 MWt
Equivalent core diameter 375 cmn 386 cm
Active core length 223 cm 220.6 cm
Numberof fuel assemblies 301 (97+102+102) 301
Average linear heat rate 169 W/ecm 180 W/cm
Inventary

Heavy metal 103.2 ¢t 111.0 t

Fissile Pu 7.9 1 8.0 t
Fissile Pu enrichment 9.0 weight % 8.25 weight %
Operating condition

System pressure 159 kg/cm?

Outlet temperature 325b «<C

Table 3.2

Pin Pitch

Fuel Rod 0D

Pellet 0D

Fuel Material

Cladding Thickness

Cladding and Rib Material

Rib Height

Rib Width

Tie Rod 0D

Guide Tube 0D

Guide Tube and Tie Rod Material
Fuel Pins per Assembly
C.R.Guide Tubes per Assembly
Tie Rods per Assembly

Detector Guide Tubes per Assembly
Assembly band Thickness
Interassembly Water Gap
Assembly Pitch

Active Core Height

Fissile Pu Enrichment (charged
fuel in equilibrium cycie)

1.11 cm
0.95 cm
0.851 cm
Pul2 -UG2
0.04 cm
SS 304
0.08 cm
0.053 cm
1.11 cm
1.11 cm
SS 304
300
24

6

1
0.08 cm
0.1 cm
20.6 cm
223 cm
9.0 w/o

Specification of fuel pin and assembly { HCLWR-J1 )}
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Table 3.4 Effect of radial peaking ( two bundle model )

Thermehydraulic Radiel peaking factor
properties 1.0 1.1 1.2 1.3 1.4 1.5
MDNBR
KIiK 2.0633 1.8648 1.6%89 1.5589 1.4388 1.3343
(ratio") (1.0 ) (1.107) (1.215) {1.324) (1.434) {1.548)
EPRI 1.7592 1.58923 1.4539 1.3373 1.2376 1.1514
(ratio®) (1.0 ) (1.105) (1.210) {1.316) (1.422) {1.528)
Inlet temperature
4% 286.92 286.90 286.90 286.90 286.89 286.88

Cutlet enthalpy
Hot bundle(kdJ/kg) 1511.6 1834.0 1556.5 1879.0 1601.7 1624.3

Pressure drop
Total (kg/cm?) 7.2000 7.2089 7.2053 7.2058 7.2081 7.2116

Flow rate in
hot bundle (kg/s) 46.358 46.037 45.735 45.439 45.137 44.817

Cross flow™"

(kg/s.m) 0.0 0.2742 0.5360 0.7923 1.0607 1.3120
Average velocity
(m/s) 6.043 6.043 6.037 6.042 6.029 6.026

Mass flux
Hot bundle(Gg/nﬁh) 15.480 15.373 15.272 15.173 15.073 14.996
Average (QGg/m®h)  15.480 :

Kij=0.5, s/1=0.08, fr=0.0, Gk=0.0, §=0.02, STEAM.

» Relative values to the case with radial peaking factor = 1.
== At the axial midpoint of the core.

Table 3.5 Effect of radial peaking
{ two bundle model, 5 % bypass flow )

Thermohydraulic Radial peaking factor
properties 1.0 1.1 1.2 1.3 1.4 1.5
MDNBR
KfK 2.1601 1,6357 1.4011
(ratio®) (1.0 ) (1.321) (1.542)
EPRI 1.8220 1.3862 1.1936
(ratio®) (1.0 ) (1.314) (1.527)
Inlet temperature
(¢ C) 286.28 286.28 286.25
Outlet enthalpy
Hot bundle{kJ/kg) 1465.8 1559.3 1601.9
Pressure drop
Total (kg/em®y 7.400 7.402 7.410
Flow rate in
hot bundle (kg/s} 48.905 47.5962 47,414
Cross [low™*
(kg/s.m) 0.0 0.8741 1.3668
Average velocity
(m/s) 6.366 6.363 6.366
Mass flux
Hot bundle(Gg/m’h) 16.331 16.015 15.833
Average (Gg/m*h) 16.331 16.329 16.320

*x

Kii=0¢.5, s/1=0.08, fr=0.0, Gk=0.0, £=0.02, STEAM.
Relative values to the case with radial peaking facter = 1.
At the axial midpoint of the core.
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Table 3.6 Comparison between two bundle and unit cell models

Thermohydraulic

two—bundle

unit cell

unit cell

properties COBRA COBRA GAPCON
MDNBR
KiK 1.3343 1.3096 (1.3328) 1.388
EPRI 1.1514 1.1245 (1.1457) 1.193
Hot bundle
flow rate(keg/s) 44,817 0.134 (0.136 ) 0.144
mass flux(Gg/m?h) 14.966 14.434 (14.631) 15.712
Inlet temperature
(" C) 286.88 287.11 (286.83) 287.43
Outlet enthalpy
(kJ/kg) 1624.3 1695.9 (1683.7) —
Core pressure drop
(kg/cm?) 7.2116 7.0780 (7.1980) 6.980
Flow rate{pri. locp)
(Gg/h) 56.62 55.85 (b6.B6 ) 56.31
Total channel flow
area (em?) 32453, 32453, 30105.

Peaking factor (hot channel

factor) = 1.56.

Values in parenthesis (umit cell model by COBRA-HCLWR) are
cbtained by using the same water properties as in two—bundle
model (temperature, pressure dependent cnes).
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Fig.3.8 Axial distribution of cross flow
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Fig.3.12 MDNBR vs. radial peaking factor { comparison

between 1/12 core, two bundle and unit cell model )
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h D,

5 = 0.023 Re™ Pr™

TT7T, h [ BEE(Btu/hr- ft*+°F)
D @ KAFMEREC 1)
AT PAROBIEEIE ( Btu/hr» fte°F)
Re ! HlFD L4 7 v XE
Pr ! A7 5 v+ ¥
%7, BRI OWREERTREIIKO Thom OR™ &V THiET 5.

A4Ts={0072 exp(~P/1260) } (g)®

cze, 4Te  © Tw—Te (°F)

b - WEIMET] (psi )
Tw,Ts @ #WHEEXDEE SHMEMERE (F)
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145, HEEBIRSSIZ Bergles —Rohsenow O’ -
0.0234

q]{, =156 p1.156 ( A TS )230/[)

EROTRD B, 3T af HREIGHAR ( Blu/hr - [t7) TH 2,

_2 L L 1 ] 1 | 1 L 1 1 i i L] 1 1 L L 1 L ] 1 ! ] i
X0 | ® SIEX MODEL
60 4 MONJU DESIGN i
] + SIEX M| MODEL
- X PNC EQ. -
; DENSITY = 0.93 i
O/M = 1.98 "
— _1 L
oo SIEX
= i i
k\) N l
= _ L
- SIEX M1
X 3,0 .
2.0 7 PNC I
T T T T T l T Y T T T T T T I T T T T I T T T
500 1600 1500 2000 2500

T (1°C)

Fig.Al1.1 Comparison of fuel pellet thermal conductivity

Dutt and Baker correlation
-——= NRC correction tunction

Fission Gas Release (34)
)

0 | ] o] | | | | | ]
0 10 20 30 40 50 60 70 80 %0 100

Burn Up GWD/T

Fig.Al1.2 Comparison of FP gas release models



JAERI-M 88—224

182 COBRA-HCLWRI—F

n #& £

COBRA~HCLWR %, &EHEKEDQEGERHE, FITEFIRED B 5E 2
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COBRA =z — Nid, HFiKE, HEHREN, WAMEHRREA, BHESERER
Rz a2vF-REXNLFEYL, FREVELZHCTELAE2DTHE, TOFEE, FL
AEODLRLEZHTF v+ YAV EFENZEZLDF + Y2V TEIL, BF v VA2 —IRITH
CEEL, BLADEN T V22 RDBFTF » V3 VEITTH B, #E-T, B BEIZEL
TH, ABEHEANBRSPEETHD, EHLT v ¥ 3 VBRESETRLO, 20k
WHTF ¢ VR NMEITR Oy Koy FARIORLEG TR B T RIICHW 6T
W3,

LT, COBRA-IMC OBELRREL D>, FUUTRRTHEDOHE - B EEIT0S
B EAERIOT L CHEATEE L, '

O BRAFELSSZ SMHEER

@ O TIEFHE

@ KOYEE
@ —RHBFEVTIEE
Ao — FOFHFERAE 4RI

{2) COBRA-IC

PR diA5 2 2B ( CHF, DNBAEBZ )

REROBERIF Ty BV Fvic LT, £{OCHF HEATREESNTE D, COBRA
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AR LT BK KR T, 65—o13, V. Uotinen Bt k3 B&W-VPI&SU
(EPRI)MBRY Th b, Cho _»0MMERXA COBRA/HCLWR IKEIAT RT3
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HLS, SEBRFTCOFERPSELOATOE AN 50 7RI, £2.2.1 3Rl
Rehme DGR EMAAN, AL, SWAHR/ — Fic 5 2 D¥E % RO CERFEE
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KD HEAE
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27)

IS RETRAN=02 THW T AR AHLAAN, THITI19645FE D ASME &K E ICHEHL
L7bDTH 5, HL, RETRAN-02 OBSERABRICRIEE» S 2 v s v E— 28R+
LR DT, TOMMNCIIFELMWRE ORZE L AA TV S, ThLOESEDDL
BohsEs, AOSH (T, =286.6°C, P=15%ks/cd ) RO P = 159ka/ch FTD#F]
REICHEOTHELTA 2 LUTOL IS, & THIIKOYHER, 1967 EERESE
BB L7 1980E 0 BABLELEAE M- T 2,

o ATEPEDOHLE (T, = 286.6°C, 547.9°F)

BIRK D & DA FFE KH I &S RETRAN-02 ESE
( EBESE )

ADEE 547.9°F 547.9 549.8
I ! t
AT »geE— 546.7 Btu/ib 543.4 546.7

o P = 159 kg /cr O FIF{RAE

SRR D & D PN A KHI#ZSE RETRAN—-02 #% %
( FE#ESER)
pa AR R 653.4°F 653.4 655.2
e v 7 e — 702.7 Btu/lb 703.8 703.3

T, LOBREFOHEEDHZZ EESEITEVTUBORITAIT Y LB D B,

— IR v T
2. 2Ei Tt GAPCON-THERMAL2 —HC o — F&EBRIC, —IRBEBEHFE YT
D Q- HiSHEH SFLEHIMRE LM 22BN LA, (BL, R 7HHR Hr=A -
Q+BolicErsbdtd s, COBRA-HCLWR T, BAFEBEELET » 20D
HEHEEAHCTRRGSHMREEZHET 5, (O, 7+ YA TOLEITE reversible
MEBE EEN L BBELZATOERDI, W SALEBERE(HELTED, 20
FRELT, —KREREBLE/NIMEL T 2, &F + VAL DADRERERBERICIL U TR
B, i, AUy v E—-RUVADBREEIRBLREBENLGHEL, &5+ YA LOA
Ay arbe-—RUREREZELOET 5,
Tt T F e v R ET NV
LFo—->OEHEEELT, COBRA-HCLWRI—FiZL35Hiz 5 v 7{bv 7F %
YA IVEFNRRRL T
1) FEHXDCOBRA-MC 2= FTWOW-TWAEY TF+ V2 EFLELELERICE
Hea&, BHTFLoBEAOYTF v YA NMBBLEELL ORI TEKRE EOBEESEL
REMTRE O,
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AT 5 A=y (HEEE WhBRESIHEF VA 7 F+» 2B ARHENES
AL RERE SR, BEMCR, F+o 78S, 3 v bo—-iR Y o — A, i
HRENMEIARI K, REBERARUANERS Pyt 20T, Fig.A2.3%U Table
A2 VORI BEANLSTEE S0, HL, S, [, K &, stEERCEhE OER
WWHRBLE N IE0,
(3) HfitrEFic ks 2 — FREOkE

N4 Fo) TRAR=HHYFLAE 1 DD LT, Biieve FuiRESEHELE GAPC
ON-THERMALZ2 2— F & COBRA-HCLWR 2 - FOMATITY, ERALKL, &
FEOEVCOEELARI U, FTEE—REE Y 7B AZER T IBS L LEVEAI LTI
>l

Fe# U 2o dRiaid,

Qr = 3240 MWt

P = 11lm
D = 95mm
Lc= 2.56m

2N ) TANR-R

Thb, HBEE, R4 70 THE, AhBRSEZNL10.3361 af, 0.018cd, 2.985
cnTdh A,
COBRA—HCLWR OB ELEMH LT O®RO TH 5,
BEimER I F v

B4 FR AR AR

w=4Sxk G, £=1002

WHPLEHE S A - Kij =0.5

B EE N7 £ — 7 S/L=10.5

CIARE- TR fr=200

i ) S I 30 E

B2 A T 4 x—%

FA NE HEEFIV

0 ( X<0)
=

T - FRAF

FABRBN v L= FLTIT- T S bic, LKoo THARBRNCHE TS O

BRI E LS 210,

XV,
(1-X)Vi+ XV,

(X>0)
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—IKER T HEREER LTRSS

GAPCON—-THERMAL2~HC & COBRA-HCLWR DR OHE 4 Table A 2.2 i©
T4, COBRA-HCLWRIZ XA3EL, +v 57 + 2 A ANSEM4% GAPCON-THER
MAL2-HCOHRIC—HEIHTT > T EDT, MMERITESLB VR, ERricid
GAPCON-THERMALZ ~HCO¥RE—BT260OTHEL, HOFEELTEAT
BOHEBAOND, ThiE, TEMFENT2 — FTERLY, COBRA-HCLWR Tt #
HEE Ay 2 ABOEN4EET 5010 LT, GAPCON-THERMALZ2 -IC T4
CREREAAOCVTERELTWAC &L, BEI— FTR, HEFHEHRICEy M F+ Y FVRR
ERHOTORDTHL (HAE, GAPCON-THERMAL 2 —-HC = — ¥ o450 [T155Hiic
BIFLTERBEHWALHSREE LTS ), LL, IDNBRILSWTASBE, KfK
EKUEPRIMBEATENENO LS, 1L6BLANTHLTVS, EPRI BERTE oA
DHLNAMHE, AR IV E- %Ay Yo g T 2H L LT 5D TIERICE T
ANF—Guahstbng, EPRIMERICIZAOH/0Z OHMEE D THEEEL LN
Bo

E#&izi3, COBRA-HCLWR KB\, BE « EINCEL Lok ¥k iE % (ER U1
DFEERBRINT S, ADRHEDOGLH (ALDBELPADT ¥4 06— ) THEMDLURR
ST BORFTEITHEN LS IRBE LT vy L E—DOEBES—E—OMIL &7 - Tt
WTHBH, LinlL, HFAE%E, R/NDNBR &&EHRIT/PE0, BMBESRIC L 2R EHE
3L, KOWPHEDRE - [EHREEEEE LESa, EAE%ENS <5, #ADNB
REAR S L BERIAL LNE,

— KGR T AEER LS

f58 4 Table A 2.3 R4, GAPCON—THEMAL?2 -HC TR—KRZHB% £ v 75
HiLESOTRET LR OB LOERICE, THERBXLENCLABREIEE NNV, COB
RA-HCLWR TRINOLOMBEIEEBNICEEINAE LB > T0 S, BOY, £FD
GAPCON-—THERMAL—HC O8I, CALONELASHELWTZL TV 5,

R E AR O BS I, ERNC—BT3FTH L, (ITHEMLAEBICED
COBRA-HCLWRIC X 2FI8IZGAPCON-THERMAL2 ~-HC &UE L, »ihEHI
FFHESNTH5E, FOFER, —REHREENEALYY, SEHMADRKERET T 2EEERT,

KOYMEEDECOFEER, Q -HEMAZEEL T3 1BOR—HEDES & TRHE
WaTd, EMEIFELER LAES, —REREMWNE AR DNBR b/pha{-
T Bo

/I DNBR ikBAL T3, KfK, EPRIDVWTFNOHBENTS, #EKEZ LB VRS
H—FIEL 20, GAPCON-THERMALZ2 -HCIK X B8%8i3, COBRA-HCLWR @
BEH1BATELTV S,

PlbEky, BEerveraic L 58ETEEL TR, GAPCON-THERMAL2-HC
& COBRA-HCLWROMT, DB ERYEFVICKRT 52 HEFMICEIENOLS
N5 &H00, HELDNBRIZELCH, BE-HBLTHWAT BRI NI,
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Table A2.1 Parameter variation with channel! lumping

N Calumn

N Columnar 2M Row M Row
parameter  Subchannel Lumping Lumping Lumping
W ; W i N W j W j NHY j 7 calsulatlonal
S 8 NS $ NS T
) b g M2 Mg input
K 6 K 8 K h K 8 K 6 parameters
A [ KA HA NMA
P W p " NPw HPw NHP " )
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S SUBCHANNEL

On&

GAP GAP

Fig.A2.1 Standard subchannels

A=NAsc

P=N=zD

N=NUMBER OF STANDARD
SUBCHANNELS IN ONE

LUMPED CHANNELS LUMPED CHANNEL

LUMPED GAP, 8S=48

Fig.A2.2 Lumped subchannels
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2M CHANNELS

SUBCHANNEL LAYOUT 2M ROW LUMPING
(a) ' {c)

]

z. > Z.
z. z
= =
) . o
b =z
2M CHANNELS
N COLUMN LUMPING 2M ROW X N COLUMN LUMPING

(b) (d)

Fig.A2.3 Layout of lumped subchannels
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#4823 GAPCON-THERMAL2-HCI—KOANAE

GAPCON-THERMAL2-HC 22— F D ASI5F — ¥ id. GAPCON-THERMALZ D ANF— ¥ ZHEH L
MU SEBBRAFERBFTA 7Y a 00 F— Y2 MALbDTH»ES. UTR
ANF—YORBEEITH>H. DATA I~ 9 BEULFAMUEDOTH S, ANAFNLY
TAN—HRUFLOBIFTO A N#E Fig.A3.1 WRT.

DATA 1 TITLE ¥4 PAA—F
(A80)

BEUMDOAHSAIE STOP LAY Tw T 5
ERiTE. LT 5,

DATA 2 NPROP,NGRtD, PREF,
INCHF, NPAVG, LHOT ,MITER,MITQ
(free)
NPROP- I D F — 7T L D¥
NGRID-~ AN —¥ O ¥E
<0 ANAIFIANYTAN—%
z0 JYwy FAN—H
(B 7Y 9 FEERT)
PREF --- #F.0E 8z [ (kg/cmZa)
INCKF =1 WMHBEOF—-TLE20FLY b dHEAAD,
=0 PHEOF— TV ERARERL,
NPAVG =0 APEIFLBAYY 2 A FET 5.
=] WOEEED S AP RFEMT 5.
(WTFhRUTH—RRAEBEFLEHEERCHTEE
Enokdoh b)
LHOT --- =1 DATA 6 C/hRy P F+ Y2 IEFREEELRDAI RS R
AN
=-1 KR PFHZRLAFRIBOTHEOERSME FASKE
TENS,
MITER —RZRFEHEORDOEARENK (F 7+ MEWE 100)
MITa IFHAFEOoERARENE (F 7+ L MEWEX 5000
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DATA 3 NTIME,
(NCHF¥( 1), I =1,NTIME)
(free)
NTIME-~ $R3%E X7 v 78
NCHFY =0 CHF @2 iTHh R,
=] CHF FEfli21T S,

DATA 4 PITCH,APD,FD,BEB
(free)
PITCH--- & v F (mm)
APD --EAmEYF/EER
FO -~ EVERE (mm)
B8 - --U 78 (mm)

DATA 5 TINC*, TOUTC, WRAT10,QRATI0,WRHOT, FLOW®
(free)
TINCT-—- ATIEE ( °0)
TOUTC- --HFAFARHOEE ( °0)
WRATIO--fF . BB 4&
WRATI0<0.0 & % WRATION=1.0
QRATIO --JE 4R 1B &
QRATIOS0.0 & & QRATI0=1.0
WRHOT -~ Ry P F o+ Y 2 L HEEE
WRHOT< 0 D& & WRHOT=1.0
FLOW™ - — X R E (kg/h)

¥) AOBERU—ZRHEBEO initial guess

DATA 6 (HCFCT), I=1. 2
(2€10.2)
HCFCI)~-FA . ( LHOT=-1 T BB I H 3)
HCF(2)--Fg (¥ X —)
) MAmEARHEE T8 1.55 O Chopped Cosine HAFIZRTE X
ha,

DATA 7 OPF---- B H1iRE
(free)

— 108 —



JAERI-M 88-—-224

DATA 8 <NAMELISTIZ £k 3 A F1>
/ PUMP / — XA RN
AA1 (-23.163)
} R 7EHE ( Hm) = AT X 0(w3/s)+ AA2 D
AA2 (192.69)
COEFIN :4F.DALIBKBRE 1.2)
HRO DEHE PR OFLUAOIEE (42.0)

(p =1000kg/m3)
FLOWO @ EH# PWR O— xR EB(kg/hr) (60.1X% 10%)

TINO D EHE PYR OAEE(C °C) (289=552.2 °F)
TAVO DEAE PWR OFOEHIREC °C) - (307=584.8 °F)
LooP -7 (4)

( ) WOEERFT T+ F i,

DATA 9 < NAMELISTIZ KB A 1>
/SG/ ZIRAREN
UAFO HHE PWR TP SG —ED UXA (MW/ °C) (32.799)
PSO B PWR 5 b TERAREA(kg/en®) (62.5)
Cl (0.2)
C2 z (6.8)
3 REARRRE (0.6)
c4 ) OREY 54 .1
5 J (0.25)
C6 0.1)
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DATA 10 TITLE <o o4 ML H— K
(20A4)
TITLE(1)= STOPD & %
27k, LT3,

DATA 11 < NAMELISTIZ X B3 AHh>
/iNPUT/ ATMOS,
GRUDTH, CTHICK,
DBO, DCO,
DSINZ, DVOIDZ,
FRACAR, FRACH,
FRACHE, FRACKR, FRACN,
FRACXE, FRDEN, FRSIN,
FRPUOZ,
FR35, FR40,FR41, FR42,
GAPC,
HPLEN,
ICDF, ICOR, ICREP,
TPENSF, I1GAS, 1QUTPR
IPEAK, IRELOC, IRELSE,
IRL, ISTOR, IT,
KB, KOOL,
LFUEL,LVOIDZ,
MINL,
NCLAD, NFLX, NFUEL,
NOH, NPOW, NPRFiL,
NTIME,
PRCDH,PROFIL, PSEUDO,
QTOTAL,
ROUC, ROUF,
S, SIGHF,
TIME, T, TPLAS,
XG0, XH, XN,
ICLAD

WERNAMELISTRX OB ZRY, (BMuURICER)
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O O® B8y b %
ATMOS atn | MPHANRE
CRUDTH |inch| 235w R FELUcrud X
_ T, crudDMEHIT0,238tu/hr. fELF 2ERELTWA
CTHICK| m |75y KOEX _
DBO inch| 2BHDIZZ o BMHRZAY v FOAE, HELRWHRSE, 28
By Fidhndborakt
DCO m | 75y FOHAR
CCT, 77w RORE DCI=DCO-2CTHICK
AL w hDAHE DFS=DC1-2GAPS
hrd
DSINZ inch | BEBLRBOPHER (EX¥Z0.0 )
DVOIDZ |» _Vy bOFHEPOLEAE
FRACAR MPHA FIoFREE (0.0)
FRACH " K% " (0.0)
FRACHE h AY L " (1.0)
FRACKR 7 7B Bl VAR (0.0)
FRACN ] Fuk " (0.0}
FRACXE " Xwe/) n (0.0)
FRDEN AL w D fractional density
FRSIN BHkLERD "
FRPUO2 PuODERE (BDIXU0: 2ARZRENS)
"FR35 UzssopE B (ED 3U23e " )
FR40 Pu2t® n
FR4 1 Pu24t  m
FR42 Pu242 i
GAPC sm | 75w K+« Lw bllXy o8
HPLEN cn | FULFAR
ICDF X0 U Ty RORBEHLEET S
=0 e DFFVavERET
ICOR PWR Ir-¥o#i#t (< 3) E=iZ.
B¥R Ir-%H# (>3) @
B{LEORHDsignal
ICREP 239 ROV —TH IV EDREANTEF S s
=0 HHTEFELREVWI Sy RERERET S
>0 B2V -T2 VEARF-SIVERATCAHTS
IDENSF =0 MELEHFEFEY
X0 X LEDREBTETLEEET S
IGAS HAREBEFVOX T a v

=0 - B 3R A
%0 ---95% {5 S5 3 A
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E B %

By 4 X #*

IOUTPR

IPEAK

IRELOC

IRELSE

IRL

ISTOR

IT

BRODTZIRNT o b7V ay (FAARF o T HETLE)
=0 i time step OEREZ7I 7w T 3

+0 n Uiz
={ Y — 2 H A EPSEUDINS A KT B
20 FEHEHE y

A signal that allows the user to use the fuel relocation model
developed for this code. If IRELOC=0 change in fuel diameter
due to relocation is 0,(i.e., relocation is not taken into
account). If TRELOC>0 the change in fuel radius due to
relocation is taken into account by a best eatimate'value, If
IRELOC<0 the change in fuel radius due to relocation is taken

into account by a conservative estimate i.e. gives less gap
closure.

An integer signal to designate at which time the fission gas
is to be released, during the time step (normal power
operation) or after the time step (which would correspond to a
reactor shut down or change in power). If IRELSE=0 the gas is
released during the time step. If IRELSEX0 the gas is released
after the time step, '

An integer to specify the output of flux depression values
(from subroutine DEPRES). If IRL=0 eleven flux depression
values and their respective pellet diameters will be printed
out, with the first value given at the pellet centerline and
the last at the pellet surface. If IRL>0 the subroutine DEPRES
will divide the fuel pellet into IRL equal nodes and print
out the flux depression values and their appropriate diamelers
at the midplane of each node.

An integer to specify the calculation of stored energy in the
fuel. If ISTOR=0 no calculation is performed. If ISTOR¥D the
calculation is performed.

A signal that allows the user to input the duration of the
irradiation as burnup, MWd/MTM. These burnup values are read
in through the namelist variable array TIME when ITFU. For
regular input (days) set [T=0 and use array TIME to read in
the values.
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KB

KOOL

LFUEL

LVOIDZ

MINI

NCLAD

NFLX

Thermal conductivity of the secondary cladding or basket
(Btu/hr-ft°F).

If a value (integer) greater than zero is assigned to KOOL,
the cladding 1.D. temperature is the same as the coolant
temperature. '

1 | FOLEE
Length of initial central void in the fuel pellets (inches).

An integer signal to specify the output wanted. If MINI>D a
complete summary is given for each axial segment. If MINI=0 a

complete summary is listed for the hottest segment of the pin

and a short summary given for all the axial segments. MINI<O
only a shorts summary is given for the axial segments.

An integer signal to specify type of cladding.
If NCLAD=0, cladding is Zircaloy.
If NCLAD<O, cladding is 304 SS.
If NCLAD>D, cladding is properties are input as described
previously with the number of points (temperatures) input
equal to NCLAD.

An integer signal to specify flux depression values used.
[f NFLX=0, flux depression values will be estimated in
Subroutine DEPRES.
NFLX should not be set to less than zero for fuel pins
containing Py0z or for pins in which 23%U enrichment is
greater than 4%
[f NFLX<O, it is assumed there is no flux depression.
If NFLX>0, a table of relative flux versus diameter is
input as described previously with the number of points
(diameters) equal to NFLX.
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NFUEL An integer signal to specify the use of recycled U0,-Puls;fuel
thermal conductivity and melting temperature are changed
accordingly. '

If NFUEL=0 the thermal conductivity equation for U0, is
used.

If NFUEL<Q the thermal conductivity equation for recycled
U0:-Pulz is used.

If NFUEL>Q a table of thermal conductivity values must be
tnput.

NOH An integer signal to specify disposition of the hydrogen
present in the sorbed gas. If NOH=0, the hydrogen is assumed
to react with the cladding. If NOH%O, the hydrogen is assumed
to remain in the fuel pin as a gas.

NPOW BMARBHIEKR (X9 0)

'NPRFIL|An integer signal to specify the number of axial power
profiles, PROFIL, to be used for all time steps. If NPRFIL>1,
then NPRFIL=NTIME(i.e. an axial profile for each time step.)

NTIME Number of time increments.

LIMIT (15)

PRCDH Percent of fuel column volume that is dish volume (i.e., 100X
total dish volume/total fuel column volume).

PROFIL|A table that is used to input a normalized axial power profile

for the pin.

NPOW+ 1 values for each profile needs to be input with the
first and last values corresponding to the bottom and top of
the fuel respectively. If more than one axial profile is to be
used, then NPRFIL X (NPOW+1) values have to be input in this
table. If a power profile is not input a standard one in the
code will be used.
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PSEUDO { Power for each time step (XW/m) allows the user to follow a
KW/m | power history.
NTIME values need to be input. PSEUDO (1) and PSEUDO (2) may
not=0.
(See IPEAK)
QTOTAL | M8t | KT A
ROUC Arithmetic mean cladding ID surface roughness (inches).
ROUF Arithmetic mean fuel surface roughness (inches).
S Fuel sorbed gas content (cc/g of fuel).
SIGHF BHHOBFEEHEETEREDHD
signal
(i) SIGHF<O Z&IT%HAMII,
KT, BMEFERIZ, FRICES
(i) SIGHF>0 & XHHIF T,
HELZW
MEEBELT, SIGHF W2 v bPERSB
TIME A set of accumulative time increments (days) allows the user
to follow a power history. NTIME values need to be input.
LIMIT (15) values
TIME (1) must=0. Time (x) must be larger than previous
time, time (x-1).
™™ Melting temperature of the fuel(°C). If no value is input the
code uses 273%0°C
TPLAS The temperature at which the fuel becomes plastic. If no
value is input the code uses 1200 °C.
XCO Fraction of sorbed gas that is carbon monoxide and carbon
dioxide.
XH Fraction of sorbed gas that is hydrogen and moisture.
XN Fraction of sorbed gas that is nitrogen.

Note: XCO + XH+ XN should=1.0 when S8>0.
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ZCLAD An integer signal to specify Zr-2 or Ir-4 clad‘.‘ding.

properties.
1f ICLAD>0, cladding is Ir-4.
If ZICLAD<D, cladding is Ir-2.
NOTE: NCLAD must have a value of 0 to use ICLAD.

Material

DATA 12 CCCF(L. D), 1=1.3 ) J=1, NFUEL ) )
(3E10.2)
TRy hOMEHIEA S

H)IDATA 11T NFUEL>0D E 2 AHT 3
DATA 13 C C AACILJ). I=1.7 ). J=1. NCLAD ) )
(7810.2)
TSy ROMUEEAD
FEIDATA 11T NCLAD>OD & & AHT 3
DATA 14 ( CRV(I. D), I=1.2 ), J=1, NFLX ) )
{2E£10.2)
flux depression MDA
HIDATA 11T NFLX>t e E A DT 3
DATA 15 ( ( CLCRP(I. I}, I=1.2 ). J=1. iCREP ) )
(F10.0.E10.0)

TZ29 BRIV —FTHIDAN

time+ -~ creep down value

B DATA 11C ICREPSOD ¢ EAHT 2
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f/JCLG JOB
/7 EXEC JCLG
//SYSIN DD DATA,DLM="++"
/7 JUSER NENSMSSNN®,SA.FUJIL,0431.01
I.3W.0C.1
7.2 _
OPTP PASSWORD=-E,MSGCLASS=R
// EXEC LMGO,LM='J2350.¥DATAP'
J/FT10FCO1 DD UNIT=TSSWK,DISP=(,PASS),DSN=88DATA1,
/7 DCB=¢{RECFM=FB.,LRECL=8B0,BLKSIZE=3200),SPACE=(TRK,(2,2})
JAERI HCLWR-J1 (P=11.%1,D=9.5,8=16.9, LF=2.23, 100%)

127 -1 15%.0 1 1 100 500 /
13 1 »14%0
11.1 20.C 9.5 0.533 '
289.0 325.0 0.95 1.00° 0.95 60.1E6
1.50 2.41 0.0 0.0 0.0
1.00
¥PUMP
¥END -
¥5G
¥END
JAERI HCLWR-J1 (P=11.1.D=9.5,0=146.9, LF=2.23, 100X}
¥INPUT
QTOTAL =3411..,
Dco =9.5,

PSEUDO =15%16.9.,
LFUEL =2.23.,
HPLEN =100..,
ATMOS =10.C.,

GAPC =.085~
PRCCH =0.0,
IRELOC =0.,
IDENSF =0~
IGAS =0,
MINL =-1.

FRDEN =.930,FRSIN=.965,FR35=1.975E-3,

NCLAD =-1,FRACHE=1.0-, .

SIGHF =-5000.,RCUF=.000039,ROUC=.00002,TM=2550.,

NPOW =30~

ISTOR =1,FR40=.25132,FR41=.10158,FRPUD2=.08,NFUEL=-1,
FR&L2. =D.07775.,

NPRFIL=1,IPEAK=-1.,

NTIME =9.
IT = 1,
TIME =0.0,5000.,10000.,15000.,20000.,25000.,30000.,35000.-40000..,
¥END
sSTQP

// EXEC FORT77.50="J3B03.¥GAPCNXX'",A="ELM{FLCAL> NCPRINT®

// EXEC FORT?77.,50="J3803.¥GAPCONX",A="ELM{*x),NOPRINT"',DISP=MGD
fr EXEC LKED

// EXEC GO

//FTQSFOO1 DD DSN=&&DATA1,DISP=(CLD,DELETE)

J/ETS0F001 DD DSN=J3BO3.¥WPROPA.DATACWATERL)  DISP=3HR

/*

++

Ixi

Fig.A3.! Sample JCL and data of GAPCON-THERMALZ-HC code
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i 4 COBRA—-HCLWRI—FKDANAE

COBRA-HCLWR @ ANF — ¥ . EAKHIC COBRA-TIC DANF—F R EH LD &
GBHMBEKIFRTAA 7Y a 0rbOBROANTF—Y2AMURERER> TV 3,
VER2T. ABF—ddarrd—-rh—F (I#—F I~ COBRA.1,SETUP.0.1,SET
UP.0.2) « L —TBEDANT—F & NAMELIST & B3 AHTF — ?i@ﬁﬁénéo

DOH—=FaINLE, BF— I I —FBE50RF— 9@&47(Eﬁ®ﬁ—fémﬁﬁ
DIBE) WY TE,

QBINLEDSRANT~YOHRHUTHARAT 5 — ?;Pﬁﬁxbhéo

QINNERARABITHH BT L —TREFDT N —THATOHRNRERIAHIE
FBRESTRESHOLTWLS, FlAE. GROUP.2 B L —T205 v —T a2y r1—)L
H—FRFU. GROUP.2.3 @I L—Tayta—Nh—F2BROVTIVL—T2TH
AIAENZBION—FEREI—-FOIALTRERLUTV S,

@H— FSNLGROUP.I s B &)L — T IZCOBRA-TIICE EEEICI12H5 2, B )L —
THROEARDITL—T a2 - h—FERABRALIEREISTT7 IV EAZH
%,

READ (5,5001) NGROUP,N1,N2, SNB, N9
ZT NGROUP W —TOFEFTH S, U T. AR T L — 7"%111‘?.‘?]‘!1\
%Vﬂ —TDODANIEBOIEFTIT > ENTEL,

FULHAMULEFTYa oL 288 ANF— YO8 % Fig.M.1 txrd, 2hid
HWoFO2-NVFLEFLOANWNTH S,

COBRAZ. Z—¥DERET BV 2hORBMMNEERSF A > 7y N &R B,
ED LD eHERD BB L OPERS AT 200 HERITEA V7 MEITEL
<:i"\2;~ A7 P OERTIE, 2—FFLOESWIT 270010 HEDINT A —

ZUR 2ABRIRA—I DA LTy M 4L K ET Ty 7 ELTBOTE,
3WFWTﬁﬂt?éi5E\?71»%@ﬁfvbéhfm5 Fo2al hEr
PNRTGA=ZR ATy FOBROB TR ERL T 7 2 L MEB Y 2 LB, F
THIVIMEELDONTA—SDORENY . MOBEERIZBETLZOT. 740 M E
. BT X—5 2 E<H>THLED X3z LEHhEL %0,
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FoZ ¥ YR TAy b — F

A K IR s I % 7ok =% oy bk G
COBRA 1 MAXT Format (15)

A 2Ty NF o OO SH—F
L ERTEs RS,

NAXT =  [ENHEOLODIZIHFEINRLEEENS 1 L
U Ew b (FREL)
MAXTASIRIERBIZ T L, EF7U UV FTHZ
LEREELCHEENCP YA 4 - U2y ME,
MAXT X DA ibiudz 5%,

MATX<1on & &, MAXT=1000 (El2)

SETUP. 0.1 KASE, J1  Format(215)
aybha—nAa—K
KASE = MDD T —AHF 5
KASE= 1 a7 % OkHALLT, 27 —2%
heH B
KASE<1 STOpP
J1 = ATy F-FDOTIS AT a

=0 FHLWA Y7y b F=8DATIY VTS
=1 FRCDA 7y b F =% 77U TR
=2 #BfEDREDAL TV > T B

J1=10 TRTHDA Ty b7F—8% 7V FLT

$TOP

SETUP. 0. 2 YEXT Format (20A4)
TEXT =  RBEOBHOLHOT IRy b FF 2

B A803
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TN TR Ty b F—F

H— K HAGL xE % Z 4 =Xy bEa
GROUP. 1 GROUP 1 MPERTF =7 Format(1016)
" = NpROP
HAR O ED T — 5 (A5
2 = ISTEA

N2=0 BIFESOPIEMILEINL 20
N2=1 MUEOBBREROMEEE T KT

e AR
N3 = BREROWEEDORE

N2=0D & SI3FHITE LW
F 24 MMEISNSOT, ZnEEa—RIZHRD
FEFNC BB 8ARRIE P, 515001 2 CONHEDE
BEKOMEERLXHET S
N3=1DE &, a— KIZDTHAX(GROUP. 1.1) T
SNELZBEORAZEIC, NMEDHHERHE
£
N4 = NFUNC
Na=0 ‘Ppftflls, BHEREEREZ 7T NER
TiARAL, 0By s (OHIIE
S ERFEAREZ A, S0
MKDBAERERY £y PB4,
J3803. YWPROPA. DATAI F— # B X R T
Wb,
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F—K - INI B % 7+ — 7 v k¥ B

Nd=1 AOMIEMEIZ, 22— KAERDOEE(RETRAN
0R2EH) Lk DEtESNS,
Nd=2 TFC 19670 KRDERTRS VLN S,
B HFEL
N = NLOOP
No=0 —&BGFRy7Q-HEHZFELLWY,
N5=1 —XRARy7Q-HEHERZEETE,
(*) [PP{I), TE(E), WE(I), VVG(I),HHF{1), HHG(I),
KKF(1), UUF(I),I=1,N1] Format (8E10.2)
N DO AK L BHIERROMMEO — R ERARD,

PP = FROEH (psia)
Tt = @ E(F)
WE = kolaR (i /1)
We = EROHERE (115 /1)
HHE = KOXHZNE— (Biv ~Ib)
HHG = EFEDHTr&ZLE— (Btu Ib)
KKF = JKOMGEE (Btu Aft-hr- F)
UUF = KOMERE (1b/ft-hr)
REGRNIT, 1980 HABBZLBRZROATALLI—FAT
RIS,
GROUP. 1.1 DTHAX Format (£ 10.2)
AP ey - 47y ko N1 ON3=1T A
DTMAX = WEZEGOMMEEF HE T A REEA

DT&AX = {(‘I"—"Tsaturation)
2T, TIHYBLEEEETHA,
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H-F - IxX) = B % 7 — v b & 3
GROUP. 2 GROUP.2  EERSREIE X 2 MBEHEL Format (1018)
N1 = J2 H7I— - #EA RoMER

§i=0 72— - K4 Fighewn
Ni=1 77— A Rizlewwno 77—
KA FEFAEME-TEHRES NS,
N2 = J3 HA FEAEA
N2=0 HEETFI
N2=1 JEIFArmandEFi
N2=b A7 - XFN
Slip ralioZ ANT2R2EHNH 5,
N2=6 KA KEBRAF—L - 25054 DB
AEBTANTE., BOREFHRE, 6K
DEIAR T THARALD,
N3 = J4 2HGEEEKER
N3=0 HEEFIN
N3=1 ArmandoyE& 5
2HIGIEBBEABRE 2+ VT 1 DZI
RERTANT S, HOBELFEE, 6K
DEHA T THEARL,
N4 = NVISCH EEpmehfEREcEm=R
N4=0 ERfRREIIEmEn BN
Nd=1 EERRREUIEEER

(&) 727 K4 RHEK, K4 FEHEN, 2H0RERASREMRI.
i< — B8R
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b A R % w % 7 3 — % w b k EHiBEH
GROUP, 2. 1 CAA(1),BB(1),CC(I), 1=1.4 ] Format (8E10.2)
HaiswEis, DToskch s, AMEITEYy b2 X
53,

T
Ah, BB, CC=  F=An(Re)PB:ce
OENOMBEXTEINE,
REL, PN —T AR RTHTF oY FLE 4 TE5 L Lt
El3fFRsha, (2450 07)

GROUP, 2.2 NV, AV Format (15,E10.5)
dFvay ATy NATAT
KV = N2=6D & R34 REDZHKNA— ¥ -
N2=50) & 3 bENVIZ R L Ze b
AV = Wbk Eida=a y ra, K+ oorag X
DUy 8 g g EANT D
N2=bD & B3 EEL T 5
GROUP. 2. 3 NF,AF  Format (I5,E10.5)
F7vay ATy b RPATARH
NF = 2MIRERERER
7 x T 4 DEFEAREDFIOE
AF = ZIEABEBRDOOCKRDA—F - F TORE

— n
$=a 0 +a1 X + +an X

() ¥T7I7—N - FA FEMN, KA RREEN, 2HIEBEERERHERIL.
R— VB
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T2 = A FEER
X =0, Xe <Xd
S xp
RV SN e
X =Xo =X, exp ( ; 1) X, 7%y <1
d
where Xe is the equilibrium quality and
TN
d
h
fg
0
Al = ——— -[)Pr YB {}<YB =5
Ph h
q. -
AT = _—P_h_ -5Q(Pr +IOQ(1+Pr (2\’B - 5<YB <30
h
q 1 YB :
AT = — =5G(Pr +]0g (1+5Pr )+ = log ( = )) 30<YB
Ph h 2 30
0
g = C A T, ¥V
p W
p F '
fv m 2
T, = (— )
L A
0. 015 g
Y, =
B u ¥
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T4 FRIEERK
Homogenecus Model

a = §
Xy
o = g
(I—X)\Jf +ng
$lip Hodel
a =0
Xv
o = 9
(I—X)Vf 7 +ng

where > is a specified slip ratio.
Modified Armand

(0.833+G.167X)ng

Polynomial Function

R
[}
jat)
<
+
2t
—_
>
+
o
™
o4
+
o
>
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2 MR R R
Homogeneous Model

¢ =14 %<0,
p

¢ = f >0,
fol

Armand

$ =1.0 a= 0

¢ 749 0.39<{l-¢) = 1.0
(l-a)
(1-%)°
o = 0.478 0.1<{l-) = 0.39
2.2 :
(l-a)
(1-x)* |
¢ =1.730 T84 0.<{l-a) = 0.1
(l-a)
Polynomial Function
é = 1.0 X0
¢ =a_ +a, X+ a, X 2y, a_ x| Xz0
o | 2 n =
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A—F - XL z B 7 o — 7 oy b 3]
GROUP. S GROUP. 3 Sk |MELIED 7 7L Foraal (1015)
M1 = HAX
MFHT—-TINOANF —F D
N2 = HAXY

N2x0  GROUP.3.1 ifskipd 3

N2=0 7 — KGROUP. 3.1 AT &35

N2==1 17— R ERst (chopped cosinedyrdn, ©
-7 =158) L ANINHE

GROYP. 3.1 [Y(I}, AXIAL(T),I=1,81] Format (8E10.2)
BHMBREDT—T I
FA7vay A7y N=0 TAN
¥ =  BAREOEZ SN AMNLEE (XL )
SET, LENVENORRDEHTHS,
BBOETHSL 0.0 1.0L 5T,

AXTAL = (X/1) (207 5 F 97 BAG0ER
(F 0T IZHBIT 5 Flu /AVG. Fiux)
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H—F - Fx) ol 74— v bEFEE
GROUP. 4 GROUP. 4 F x> A - AT NET 4 Xy a Format (1016)
N1 = FABROT T F o ANDF—2 - FORE.

FORESTWEWRY | &7 F v A
DENRDL— FHLE
(FlziE, VRF—F - F—2R)
N2 = Y7 FerAN0EE, NICEER
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E B % 7 & — % v &

DG * J=1, Wi
N, LLACEL), PHCT), PHLT), AFIN(I), ZFIN(I),
(LC(I, L), GAPS(I, L), DIST{I, L) [=14)
*— CONTINUE Format(I?,14,5X 5010.2/4(14,2E8.2))}
N = BWITFe L FNDIAT
TS5 7ERE0NEE, FATIHBFOHT
LB
N>0 247N BEIDHLZ RS
Nd T Fr RN DY A TiE. BEDER

REHFELNLZ LR ERT S
(GROUP.2.1)
Neb  2ANA S0 - YTBOYTF 5 H0 -
T4 TEEE
I = BT F e RN DES
AC = 2N TR R0 ED BT
(in?) (yrEREEL)
PH = JEFN YT Fe s ANOEERS (i)
PH = SEFN T e ANDIEES (i)
AFIN = «Uﬁ»74y®£béﬁﬁﬁﬁn2)
F7x N MMEE 0
IFIN = ANUHINLT1ryDEHBERES(IN)
F7 4 MEI O
LC = BT IFr RN OES

F7Fr AN CBETAESE4 22 TOY
TFrrANERETESL, Y T7F¥y ANVES
PRBEICTAHE, LKL or3DAART

%
GAPS = H7Fy AN L EICTIEREESREREETAY
TF AN EDBO /I T - X v 7R3
DIST = ICTHEINIEETAY 7 F v A AROE

LREIBEE (S L =GAPS/DIST& &t S 3)
DIST=00 k 2SI 2 KicERTALESRH D,
DIST=GAPS/SLCEE T 2
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v Rl S A 4 = B % 7 % — % vy b ¥ B8]
GROUP. 5 GROUP.S ¥ 7w »ANOERNYI—3 2 Fornat (1016)
N1 = NAFACT
WS L= g 5= EERA T T F
xRN
N2 = NAXL
BT I RIVOEENR T -2 g DD
HAmONEDE
N1 & & GROUP. 5.1 tiskipd 4
N3 = NARAMP
HEHE/SJ L —3 =3 »ogradual insertion HR
fZEE

77 H b MMEIEINARAMP=1T 5 2
VARG~ b r—20E ELEL 6iF . NARMPIE
BHURAAZ LT L%

GROUP. 5. 1 [AXL(I),1=1,82]  Format {8£10.2)
A MNEDT— 7N
AXL = Y7 Fx rFNDOERNY L—2 5 v DIFEE
NABAmAIE (X/L)

GROUP. 5.2 THseIN B TXRTOHOYV T 9% v+
IHMZEIN BT Hh51E%E, NEDEICEA AL,

GROYUP. 5.2 00 = J=1,K1
[ I, (AFACT(J L), L=1,N2)

COKTINUE Format{I5/(12F5.3)})

NEDH T F % 2 FAAZ-DWT(AXL) 23 B N{ED 85 0

BTOHOEEN -3 YAFEZHRD

I = &@ﬁﬁﬂvl—yayﬁsﬁqh%#%TT
Y7+ % FNDREES
73—y MIMH>THEALS, KDH—
EaskipL T, ML ofiEBIiCHIGEL T, BF0E
v FAFACT % 275, NMEDOY 7 9% Rz
HFHZFEAREINEZ TS HERT,

AFACT = FEL AUV (AXL) BT AN T v
;%}bogﬁﬁfﬁ(ﬁi /A Noninat)
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GROUP. &

GROUP. 6.1

GROUP. 6.2

JAERI-M 88—-224

E_ X & 7 x — 2y & HE

GROUP.&6  Fa o 774 Z)N) T —3 3 Format (1016)

N1 = NGAPS

Xaw PNV T— g8 AT 50APSH ML
NGXL

Xx w7 L2 g O E R

N2

[GAPXL{L),L=1,82] Format (8F10.2)
GAPXL = Xy 7 - NYT—Y g b3S 5 EH R
EX/L)

[K, (GFACT(L, LL), 1=1,N2), LL=1,R1] Format (15/(8F10.2)

K = NI ary§bXyv7ES

GFACT = ey 7HESK OX v v N IL—Y 3 VRE
GFACT=(GAPI / GAPN

nominaf)
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7 A — 2w bk EHY

GROUP.7  7A X~ o 7k AN DA THEH Fornat{1018)
N1 = J5
N1=1 284 F00 U 70— A T
I 74
N1=2 77U RANF A 27y RO
Ni=3 ZAX—Fw7nfr7ry sy E
AN R ERUDA > 7 DR
N2 = NGRID |
70y KN DR i o8
N3 = NGRIDT
70y B8 AT
Nd = NRAMP
7Ny FILEaEME Z 7L TR S 7250
KRR #
NS = NJUMP

BAZ—hr 757
No=0 SERRIEZ o2 B O & O¥ERE
B, BWMF—2isAaRE W,

NS=1 WiDpEZ wifiguess X 3 2L 2 W
2, ENTF -5 DLELESEHE S —2
No=2 NS=Q0LRILTHBN . TRTCDA 7y

FF—2ET7U IR,
No=3 "' »7  F—T%FEA AT v ER
BE7USRLTTPY B,
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H—F - FXI x #H & 7 —X yw b &

E&

|

GROUP. 7.1 PITCH, DIA, THICK  Format (3E10.5)
A7rvay-4vy7y b NM=1,3TAH
24 X—5 v i
PITCH = FTAX—~F w7 v F(in)
DIA = Ry K237 7 v FOIME(In)
THICK = AR5 THELE(IN)

GROUP. 7.2 K, DUR(K), (XCROSS (K, L), L=1,6) Format(I5,5X,7E10.2)
AT7vay A7yt N=1,3CAH
Wrap Crossing ¥—%
K = Xy w7y
DUR = zaxza—aforcing DiHOE v FEIED
ER7e iR, HEREMIT
DUR=AX/PITCH
ZZT. AX iZaxial nededd K S (in)
PITCH {27 A v—Z v 7w F(in)
XCROSS = VA¥Y—FyTIOADAE
KCROSSIZGAP & 94— (NN EALAOT) D
HTAEE 360 TH-TEHETS,
Zw TDELSFEBNEINEELLAEVWES
DY T Fx AN slE, COEIRET. £€9T
ZTWEEIZETHS.
DAY=y PN ENVALT, ¥x v 7
5 TP B2 6XCR0SSIEE 1.0T 0k L\,

GROUP. 7.3 {NWRAPS(I),1=1,NCHANL) Format (10i5)
AT7vay - Arryr NM=1,3TAN
ST 4Ry B —
NURAPS =  BYTF¥UINDOTLX-DE
pundle A BITE2 74 ¥ —DOE LT BERETH
B, 74—y vy 7HREICAET LHE51211.
EITHFWDT T F % AN HBEELD,
TRTOF* Y FNDEEFRARD.
1DOF—-2h—-RICWEADEETL 7y k
Iha,
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A—F 9N

GROUP. 7.4

GROUP. 7.5

JAERI-M 88—224

% W% 7 ox — % oy bk BE

{(GRIDXL(I),IGRID(I), I=1,N2)  Format (B(F 5.2,15) )
A7vay - Ay7ryr N=23TAH
7y ROBMBWMERE ST v RDF A7

GRIDKL = 27Uy KAR—F—DHH G E (X/1)
RID =  WHEGERIXLEBIEZ Yy KEA T

E(J,CO(J, 1), K, FXFLOW(K, I), TI=1, NCHNL}, I=1, N3]
Format (15, 5.2, 15,F 5.2)

ATV ay-4y7vh M=23CAPH

BEL LR v RIL TOETTF v 2DV T KR

& forced crossflow®gkee.

NCHANL = HITFrrRLOEER
YUY EIATIDTRTOY T F 4 ¥ AND
F=FEHG.,
FLTRIZDDL Yy R4 72 L HET

J = BT FrrINORBES

CD = TV REIALTIEHAT BT FNTD
mARE

K = GAP associated with subchanne! J,

through which forced diversion crossflow

is specified. If blank, no forced crossflow.
FXFLOW = Fraction of axial flow which is diverted

through AP K for grid type I.

If btauk, no forced crossfiow.
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JAERI-M 88224

o1

TIisie

2 F =7 v bk &

GROUP. 8 GROUP.8 v v ¥ - LA 77 L MEOHMELE Format (1016)

N1

N2

N3

N4

N5

BiAdtoy K- F—2 - h— Kok

EFNALIREO Yy RiconWT 1o s—K
PRETHE, YRS—b - r—2 2388y
—ADERFTOLDIZEIFL DYy KoL v 7y b
DHBLETH B,
NROD

NUZERIRIC, EFAIEI N2y ROBH
NODESF

REINL v O8I

N30 & ZIZRMEIEF AT 2w
NFUELT

BERLIEET AREMEOR

N3=0D & & 3Ry

F 7+ FEIINFUELT=1: 3 2
NCHF

CHE o7y 9 v

No=0 CHF od3t&IZ L 7w

No=1 BAW-2 HHEAR L HW3

N5=2 W-3 HEPEXZHW3

No=3 ZJNA ZILFKIK FHEIC R LS BEN-VPISSU

AR (EPRDZ AW S
No=4 fEFHE
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JAERI-M 88—-224

GROUP. 8.1

GROUP. 8.2

7+ — 2 v bk BER

N, [, DR{I), RADIAL, (LR(E. L), PRICI, L), L=1,6)

Format (12, 14,2E7.2,6(14,£6.2} )

Dy R - ATy bF—2FNKENAH K TEARAD

il

N

I =
DR =

RADIAL =
L& =

PHI =

REEROR L Bt ESCA 7L 3

Nz HMHEERHZEETS

RO FIREBHEZEETS

N ozenfEil, B8 ohtEES
(GROUP.8.2) (z—% T 5.

2y FOEBES

Ty FDFME(IN), gy FaFbhicrss K
AR, RIZZZ7 v KOIETH B,

oy Floay F¥RHEHCHTEEFmER
B—% 2 7 (%% (GROUP.11)

Dy FIDEHLHDOTTF ¥ ANDBRGEES
O EDY T Fx  ANATOWT EARD
i 29 7 F 4w Y ANIcA Y7y b T AED
v RHHoRIE (T4bhb, IRTRZESI ALY T
F o Y FACET BTy KOIEEDNEE)

(KFUEL(E), CFUEL(E),RFUEL(I), DFUEL(I), KCLAD(I),CCLAD(I),
RCLADCI), TCLAD(I) HGAP(I), I=1,N=4] Format (9E 8.2)
AT7vay A7y b NP ONOTANT S

WE O,

BRNEEET LD MEDOHMRICHET S

N DA — R 280, EREEEL. 12lUEaZh st o R

URTASN
KFUEL =
CrUEL =
RFUEL =
DFUEL
KCLAD =
CCLAD =
RCLAD
TCLAD
HGAP =

B SRR (Bu/hr - ft- F)

PRI (B/1D - F)

REIDBE (b /11°)

BEDEE (i)

759 ROBIZEZ(BLMr - L. F)

75 KOWMEB/Ib - F)

75y KOBERE(L /)

75w KDES (in)

BE-79 vy FRIDX v w7 a5 250 AR
g (Btu/hr - 12 . f)
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GROUP. 9 GROUP. 9

JAERI-M 88-224

¥ %

7 & —<% w b & GEH

HE FoXE  Format (1016)

N1

N2

N3

N4
N3
NG

N7

NSKIPX
Ty b -TYrh - A7
N1=0,1 §XTOEAFmMLNNTTI RT3
N1>1 MEBEEOEABILATTY T3
NSKIPT
FoORTy N -UYb - ATV ey
N2=0,1 §XTDF AL ATy 7 TTY R
75
N2> NBEDZ A L - AF 97 T7TUVE
45
KDEBUG
EEHBED TNy 7RI T a >»
N3=0 TN ZE&T7o7h7y LW
N3=1 N9 Z%77+7v b9 5
N3=2
&E—
¥E—
JSTART
CHF ETE&E A4
JEND
CHF 3rE &AMk
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JAERI-M 88224

H—FK - 5N T ¥} % T x—% v b EHEHE
GROUP. 9.1 I, TTIME, FERROR, KIJ,SL, FTH, THETA, DAMPNG Format (8E10.2)
z = A DRI OEE(in)
TTIME = B REE B OB (sec)
FERROR = BRmMRRORENFFRE
F7x MMk 0.001TH B
KiJ = rsax7u—HEREAR
F7 a0l MME 0.5
SL =  HHEEXAVZL - NFA—F
F 73V MMEIZ 0.5
FTH =  HEEAVIL -TroI—
F 7L 0.0
THETA = bundie Orientation ()
TIry7330E. BET. £ TLnwk &
I, BEZEEIIBRNTWARLEWAEZ AN
DAMPNG = iterative SP term DEHIREK
sp(l, N =oaupne » e Y +
(1-0AMPNG) * sP(1, )N
Fe2 LN & K- AR FRBELFEORET
H 5
F7 a0 MEl: 0.8
GROGP, 9.2 NDX, NDT, NTRIES Format (315}
NDX = EHmHYEE
NDT FEINERERT vy 7ORE
NTRIES = TFuI¥— - A¥L—LaryDRAKERK

FERRORICIZEZERERTH B .
F 7+ MEIZ20
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A—F - IV

GROUP. 10

JAERI-M 88—224

=z #Z 7 — 7 v Rk

il

GROUP. 10 FLiE 3%y > 7 #M@ Format (1016)
N1 = HNSCBC

BHFREFAIFV Y 7O 7L 0
Hiiznarvo—Y olEKIZ. DIFIRTEB

ROFEAHFTHTH 2.

NT=0 W', - ABETA=(S, G)
K K BBETA

N1=1 W', = ABETA<(Re) *(S
K BBETA

N1=2 W', - ABETAx(Re) (06
K BBETA

NI=3 W, = ABETAx(Re) * (S

g 6)
)

g /Ly )(0G)

Z ZTIEEIABETA L BBETA(GROUP. 10.1) {x. M1

N2 = MNBCC

CEoTERINGFERICHEAINS,

M E X izt T gy
Ne=0,1 W77 —niRREE H—
N2>1 Betak XF—L - 2A VT4 2T~

NWBRATNRREDRT7DF—3% AhT5,

N3 = Jb

radial thermal conduction mixingd7z&H oA

A IV

N3=0 thermal conduction{#sv»
N3=1 %ﬁﬁ%ﬁﬁ”?ﬂw?GK%%@

N4 = MIXK

GROUP. 10 1DFAIRADIHDA T L 3 »
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b el AR A 1%

GROUP. 10.1

GROUP.10.2

GROUP. 10.3

JAERI-M 88—224

x B % 7 #* =2 wv bk FHHH

ABETA, BBETA .- =0 & &
F 7202 (ABET(K), BBET(K), =1, NK)----- Hi=1, N1 =0 ook &
format (8 E10.2)
ABETA, BBETA = BRSNLETW I F L 7 HED R
Ni=0ch & & BRETA X757

(XQUAL(I), BX(I), I=1,N2)  Formatl (8E10.2)
A7ray A7y BNOITTAS
EXLrIRAERAF LA T A MERZ T T NEBRTHEA
ke
XQUAL = RF-=bLT7F VT4
BX =  RF-LT7FUT4ICHYTLIF P Beta

GK Format (t 10.2)
A7 ay ATy BNPITAS
GK = FHFMMEENT X%
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A—¥

5~ Al

GROUP. 11 GROUP. 1

()

N1

N2

N3

N4

NS

NG

2

JAERI-M 88—224

7 — < v b ¥ BHEH

Hing L BEIRROSFESE  Format (1016)

IH
AOZX R E—BEREETEA TV ax
N1=0 HIN(GROUP.11.1) B AOZ# L E—
Ni=1 HIN 2 AOEE
Ni=2 BH7FvANICAOTYZAE—%
Bk
M=3 BV T7FxrRNICAOREEFED
IG
AODBEEFRREZRETSAT7 a2 v
N2=0 GIN(GRGUP.11.1) {3, &YV 7 F+ il
DADEBFH
N2=1 GIN X8y FAERREE
RTELELWIP/IX 2528700010,
TF e AN EZ. B Laxial node% 4
PWThHEET 5
N2=2  GIN (3PN FILVEBHR
Te?dLgndis. GROUP. 11.3TANT S
fiow fraction ick VSRS
PRATFLEHDIHOBBEIREDETH
AT AENEEEENEONT G TF—T
NAETHAAL
ANTY ZAE—EBEDDHDBERENE

=it

%
AOOH 23T factor X BB 2 NMBORT 2
2T -7 NVETHRARD
ANEEFRFEZCREROCHOBERRBOE
=
BRFRZLIBAPEHREEZ . NGHDRT IR
35— 7 VETHRA AL
SEHBFHRNIDHOBEREDER
HEEEEEENEORT ST TILET
FARIML

7275 LGROUP. 1 @NLOOP=1 ?diB&iciZ. N1, N2ofgsEiz g ERICH WA

ZETTH S,
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JAERI—M 88—224

A—F - SN o _ 74— v b HE
GRCUP. 11.1 PEXIT, HIN, GIN, AFLUX  Formal.(4F10.0)
et i
PEXIT = AT AR (psia)
HIN = AT & E—(8tu/lb)
FEANEE(R
NUCHRTET B

HINKG 2o ST AOZ Y #Y—i3. HIK st
B, flowl W L BEicitEadnisl
NIeDLYINLE—DYELPTHE,

GIN = NeFA 7L g THE3NT. AODBEGE
HREAREEGROUPA. 1OAC  (MBLW/hr - ft2 )
AFLUX = B (BTU/ e - fr )

() HIN,GIN §X. GROUP.1 TNLOOP=1 ok &13HHAME

GROUP. 11.2 (HINLET(I), I=1,NCHANL) Format (8E£18.2)
AF7ay AT v b N=2,3TAH
AOZr2ne -0 A0EE
HINLET = BT F A NOAOL Yy INE—(N1=2)F
72 ACNERE (N1=3)
BT Fv rAicont, 1 BoER2FED

GROUP. 11.3 (FSPLIT(I),I=1,HCHNL) Format (8E10.2)

AT7ay ATy b NDITAH

AOE

FSPLIT = BT T F v AN AOTFE(F(I)/Fav)
GROUP. 11.4 (YP{I),FP(I),1=1,N3) Format (8£10.2)

A7ay ATy bk NPITAS
BEREENT—T

YP = 7778 —HFHEHAINDEEOBERBOR
fl (sec)

kP = BERBRYPICEIT2EERBOL AT AER
O
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H—F SR Al 7+ — < v bk EHEH

GROYP. 11.9 (YH{D), FR(1),1=1,N4) Format {8E10.2)
A7vay - ATy r NOIVTAR
BERET VI LEC—2 3B EOTF— T

YH = 77 -HEAINE L SOBERBEOE
& (sec)
FH = WEREBYHCBITA2AOQZ Y ZAY—DEE

(N1=0 Z72432) S B ABEOHE
(N1=1 F72133)

GROUP.11.6 (YG(I),FG(I),1=1,N5) Format (8E10.2)
AF7ay ATyt NDITAH
EERBANHES IZEHEERSEDF T I

Y6 = Z7r 77 —HBEHAINS L EOEEBEREOE
fa (sec)
FG = BERBEYCCEBIT2EEREOALWERD
el
GROUP. 11.7 (Ya(I),Fa(I),1=1,N6) Format {(8£10.2)

FTar 47y K>TTAR
WERBHEFRT TV

Yo = 777 % —HBEHINS L EOBREFREDR
fEl (sec)
Fo = BERBEQICBIT 2 ERREORFROFE
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A—K - 5N E ¥ %

JAERI-M 88-224

7 —=< v & FER

HEDT72 7w b -7 3 Format (8£10.2)

GROUP.12 - GROUP. 12
N1 = NOUT
N2
N3
N4

TV - F Ty
N1=0 W7 FxrRNDTF—2DA
¥1=1 ¥ 7F>xFNDF—FE70A70—
DH
Ni=2 97 F 5 ANDF—2 L BEHORE
D
N=} ¥ T7FxrANDTF—FErax70—
EREIBOEE
NPCHAN
YT Fw y ANDTF—=FD7Y > T2 MZE
TEAXTS 3
N2=0 IXTDETFxrANDT—F
N2>0 7Y RT3 T7F9 rFINDESOR
N2 % FEAohts |
NPROD
REBRNELBEDT) 77 N CET S
A7ray
N3=0 F~NToay FD7F—F%
et LNI=2,30 E 5D A
N3>0 U bhdany KOBBEOENLHEA
i
NCHF (GROUP.8)>0 Z H5iFCHE F—% Lo v KF
—&FZEWwo L7 rER3
HPRODE
NITHEIRATRTHT Y KOBEIREnode
DBEDTI 77 CET AT 5
A7 a3 MIBREEFA(GROUP.8) 2 BWwWwI
vy FRAHEEFHRELCBE0ABHEESNS
Nd=0 T Ry FEREE 2?5 v K&k
EOEREEZ7Y T 5
N4=3~T7 NMBEDZERERO D v FOREEEY
77w RREBE: WL r{ic7U»
r§ 3
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A—F - I

GROUP. 12.1

GROUP. 12,2

GROUP.12.3

JAERI-M 88—-224

2 B % 7 — % v bk 3B

{PRINTC{I),1=1,N2) Format (1615)
F7rvay A7y bk NNTAH
PRINIG =  F—%%7 Uy hFaN{EDY 7 F 5 #00)
ESTANTA
N2=0DE & FXTOY T Fr 2 E7Y
95

(PRINTR(I),I=1,N3} Format (16I%)
Array -4y 7y NSOTAR
PRINTR = BAFRHLEER7UYFTANEOD Y KO%
52 ANTS '
122 IM=2,3nLEDH

(PRINTN(I),I=1,H4} Format {1615)

A7 ay - ATy bh NOTAR
PRINTH = BEINL y FAOEEREXROT Y - F T
g
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CITONT A—#1F, NAMMELISTXXZ XD ANT 2

EHA & S T4 72V E
HCOREY FLNES (m)
HPLENY 7L FHE ()
ROPIT ¥ v F (m)
AXPIT WALy F
FOIA B E E ()
QTOTAL JE T4 ) (HHt) 3411.0
WRATIO FORSHER S 1.0
TOUT HOE E (C) 325.0
HYDE FDEBEMHERE (o)
ATTL FAOFROREETERE (of)
FLOW —KFAWHTH L Rintial guess 601 10°
FLFACT FRENODING A—F 1.0
ITRHAX —XARREFEOKEMNEK 100
EPSF HEOIEHEET 0. 0005
AA1 - -23.163
A T8 (Hm) =AA1X G(m3/s) + AA2)
AA2  192.69
COEF IN FDALBRERY 1.2
HRO FHiEE PYR OIFLEADIERM 42.0
(p=1000kg/m3)
FLOWO HlE PYR O— R BEE(ke/hr) 680.1X 105
TINO HEA PVR OALNHEE(C °0) 289=552.2 °F
TAVO H# PUR OFOFEEEC °C)|  307=584.6 °F
LOOP N—T¥ 4

(F) F+ 2V TOAOFHEIROLS>LFHETN S,

FLOW X FLFACT

X (CANCI) — AFINCID )
ATTL

HYDE 4R LOEYWRBOFHECEHR T 3L T, #HOFEEBEBRRL,
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fAJCLG J0B
// EXEC JCLG
f/SYSIN DD DATA,DLM=T++"
// JUSER NN -SA.FUJIT,0431.01
I.4w.2C.2°
T.3
OPTP PASSWORLD=-TM-MSGCLASS=R
{7/ EXEC LMGO,LM='"J3BO03.¥DATAP"
//FTLIO0FQ01 DD UNIT=TSSWK,DISP=(,PASS)Y,DSN=2&DATAP,
/4 DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200),5PACE=(TRK,(2,2))
1000

993 1
(88.7.2)2BUNDLE/LUMPED/K=.5/SL=%#/FT=.0/GK=,0/P=11.1/D0=9.5/L=2.23/STEAM/Q~H/
1 150 0 0 1 1
2 ] 0 ] 1
0.0 0.0
0.0
3 1 -1
g 1 1 0 4] 0 2 36
127.165 2.0 0.001 0.5 0.08 c.00 0.0 0.0
50 0 100
4 2 2
5 1 17.9 395.1 352.5 1.1897 113.4
2 0.62992 8.1102
5 2 17.9 395.1 352.5 1.18¢97 113.4
7 1 0 0
7.4803 37402
1 .52632
1 1
8 2 2 7 1 kS
1.374016 1.3 1 300.0
2.3740186 0.7 2 300.0 -
2.0 .08 640.0 .50C2 8.8 076 405. .030 1000.
io 8} o} 1 0
¢.02
0.0
11 0 o] o] o] 8 o
2261.512 546.72 3.52051 0.1795
c.0 1.0 0.5 1.0 1.6 1.0 1.5 1.0
2.0 1.0 3.0 1.0 4.0 1.0 50. 1.0
12 3 0 o] ’
4]
¥C0BRA
GTOTAL=3411.0.,
WRATIO=D0.95,
TOUT =325.0.
HCORE¥=2.23,
HPLEN¥=100.0-,
RPITCH=11.1-
AXPIT =20.0.,
FOIA =9.5,
ATTL =32453.46,
HYDE =0.4604.
FLOW =6C.1E+6.,
EPSF = 0.0002,
ITRMAX=500,
¥END
o}
fx

/7 EXEC FORT77-A="NOPRINT?

//SYSIN DD DSN=J2350.¥STEAMP1.FORT77,01SP=0LD

// EXEC FORT77,50='J2350.¥COBRAZH',A="ELM{*),NOPRINT',DISP=MQD
/7 EXEC LXEDIT77.,LM='J3803.¥ASMLK"

// EXEC GO

//FTQSFO01 DD DSN=8EDATAP.DISP={(OLD.DELETE?

J/FTS0F001 DD DSK=J3803.¥WPROPA.DATACWATER2),DISP=SHR

++

¥

Fig.A4.1 Sample JCL and data of COBRA-HCLWR code
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