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MULSHES : A Computer Program For Predicting The
Temperature'And Stress Changes Of Multi-Shell
Type Fuel Elements Under High-Temperature

Reactor Irradiation

Taketoshi ARAI and Sadao SATO
Office of Power Reactor Projects, Tokai, JAERI
(Received December 22, 1973)

The Code MULSHES is for predicting the changes of temperature and
stress in multi-shell type fuel elements, such as cylindrical fuel pin
and spherical fuel, under irradiation in a high-temperature gas cooled

reactor. The calculational model and usage of the code are described.

The code, which takes space-and time-dependent irradiation condi-
tions into consideration, can analyze the anisotropies of the graphitic
materials and their irradiation effects.

Features of the code are as follows:

(1) Nonuniform distributions of the heat generation and fast neutron
dose in the coolant-flow direction are considered.

(2) Variation with time of the heat generation, fast neutron dose
and coolant flow are considered.

(3) Anisotropic characteristics of the elastic deformation and ther-
mal expansion of graphitic materials are treated.

(4) Irradiation effects of graphitic materials are treated, including
thermal and mechanical property changes, irradiation-induced dimensional
changes and creep deformation.

(5) Temperature and stress distributions in the fuels are obtained
for the boundary conditions between shells, regardless of the existence

of mechanical interaction.

The code MULSHES is written in FORTRAN-¥ for computer FACOM 230/60,

and the core memory necessary is about 85 kilowards.
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NWEE T, BNHM2 1 Ay v OFBECHLT, —B(M13 2y va E)Hreh 1l 48,/
BRI RT T Thaft, —POBMICERLESH- T, LHOVEFROTNTOR/THERL T

LBHACHIRITERLTAAWESD 2 HEOREMEET b,
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4. F & WD

AEEETREA F2A N TWAMULSHES = — ViT, D‘f‘l%"—FVWC;@HZaﬁ%fz%ﬁé%-TtF@%EFa‘jE’\JB%Fa‘i
T L U BAHRICSEO A MEEO RS FROBRYHELEL, BRI AFTHE
s ST RE RS ( ST SEREE, SERERE) ORE - BT AR
TAHRDBOSOTH D, - .

Qs E T — NI, BREEOEBRCRT ARBAEHOBFETEATRLLTNED
PTH b, B, BEY, BEEH, BE2 ) -7 LORKE(HEFE) EFH LT
RO E RIS e FAREE L LTNE, UL, REATRORREMIEED
BERGE, LERMEORRNTHROLE A S EBRT L, PESA-TTORER AL
FOBEHERE FASEY, LROEAHECERSEINTAL,

ﬁﬁ,$aﬁu-p@%§%f»w¢mﬁ,ﬁ&%ﬁﬁmf%ﬁ%%+ﬁmﬁﬁﬁéﬂ1m
ANHREFAC L - THERENTNEEDHOMBRY AR CBNARFEFEIN TN S LT
BT, CABICHLTH, ANF—2RETHT LT LT, I - FVORAFHEHR
& F R RHEEHORETTALALICR>T NS,

A BER AT R B THYKE T M, TOBA EHGBRRERITET 2O TH L7,
BCES L EAL LN A B - RRMNEEL LTUTO L ORHE b2,

(iv BaH B iR

(i) B4R O BE EBICH T AT RES{LOEE

il BAMEORSE 7Y -7 EBRORESE

V) EERER T BROBAEAE (B S )DRES ) - TER

L. CNGICHET »ERSHECESNIHEE T v OLEARRET 1> TNlC EIC

L tWn,

WHﬁﬁEs:—PH,%ﬁ,mimﬁKﬁﬁu1m<%ﬁfééo
() BAHMBICH SN EBOLFEEROILNFE~DLR

) FEOERMBHBECRTS, BESEC LA 74 -2y -~
i % BMBEY 2 BRPBRERCHT HEFHE

A ¥
AEHET - PEERTACHRD B HPOHACE T A P 7 2CHTLHT - aptkER E
@#&ﬁ%@%%momoit,«U*AWW@@EOMTiﬁﬁﬁ%mﬁ@%%&#%ﬁé

n#@@%ﬁﬁ*kfmﬁﬁmﬁoﬁm,rﬁ%ﬁf&{%b,%%%wﬁTmmf&£b%
SHOBEAHNE T W lnt, rnbODFHAHUERsrHHETRLET,
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4. F LW

EWEETEESNTWAMULSHES = — i1, BFFAICHT 5 RSO ZRERR
B L U RS RIS E A MEEO R FEOBNYEELE L, AR AFTE
Fa s S ERERES (S EEREE, SERBRA) ORE - B HEL T FAICHRT
TAHRRHOBIOTHD,

T OFTHE o — Vi, B SO F Bd el 2 BMASHOBRFEEAERLLTVRA D
@?%b,%ﬁ?m,ﬁfﬁ,W%ﬁ%,%ﬁiU—7ﬁt®§ﬁW(ﬁ§ﬁﬁ)?%ﬁbm
RO E B R FARERLE L TND, L L, REEHORRNIEERD
BERGLE, 2EBMORRNTHROLEA S BRT 5w, FEGE-TTORERA L
LD E AR ﬁiﬁﬁhﬂ FEEIEAHECEEIN TN D,

frir, AFHE - FOHE= T AOFCH, BRI W T ERHCHFHACTEREINT N
WHREFAC L - THERENT NS EDHORMY AR CBANBARFEIN TN Lo LT
ﬁof,Cﬂ%mﬁuTH,lﬂf—ﬁ%%%TéC&Kiof,%ﬁﬂ—V@@m%ﬁﬁﬁ
= FAPHEEHORETARLALICA>T WD,

ABEROAIETF B THHRE T AL, TOBA EHFBRRERICET 5O TH L,
BT ES s A LN A - EREEEE LTRTO 05T LN 5,

(Y B ah R0 HEfe BUR 3

() B4R B8 O RS R ICT T B PR E A S X

iy BAMBOES 7Y -7 ERORFE

WV EERERTEERORASESE (B S L ) DRES ) - TER

sig. CNLICHET HERSHECESNTIHEE T v OLRARRET - TNl 2

L7cing

WﬂﬁHES:—FH,%E,QTGWWKEWUTM<$ET%50
() BEAHMECH SN EBORFTEHEROIENFE~DLR

() FEOEBRABRTBECHE TS, BEAELC Ly 74— 2T
i £ BHEEY 2 BRPBRERCETHESRE

at it

AHE I — FREHTACHR ) MBHEOH A LT A P 7 2CNTLHT — s O ERE
ék&@%%%%momoﬁt,«UﬁA@%ﬁﬁcome%%ﬂ%Wﬁ@%%ﬁﬁmfé
nﬁémﬁﬁ%ékfwﬁﬁmﬁoﬁm,Kﬁ%ETAVfD,JgJ%ETMMm&;D%
SHrOBEARDE AN, CABDHFARHUEE R b HBETRLET,
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Tabie 3.1  Input specificatiion (MATERIAL PROPERTIES INFUT LATA)

TATA and DESCRIPTION

A21{m), 11a2{M), KIA2(M), NIFA2(M), PIA2(M,1) ~ PI82(7. 4)

_ FORMAT

110
2044

. £10.3,
I o
LORLI0,

|
!
|
t
|

- E10.3
| 5110,
4B10.3

|

group No. _
0 E Kumber of mater’a1
| HATR (/5)
L [
1 i Namf_of the B'th Latericl
3 MUAMT (3, 1) ~ WEAME(H,20)
Z } Irradiation- dependent pnyswcal and mechanical properties
2~1| CORDI(M), IICR(#), KICR(M), NIFCR(R), PICR(K,1)~
| PICR{,4)
| coupI(M): Thermal conductivify of the M'th material
cal/oms®C '
i 11cE{1l) ¢ Parameter Yo speclfy the irradiation dependence
(IICPlM\'tL) or independence \ILCﬁ\n,'=OJ of
. the thermal conduct ivity of the H'th meterial.
_;The.foh wlng datas are necessary only 1T IICR(1) =0
KIor(k) ¢ Unit of fast neutron dose in the corr $utLOﬂS
‘ - G E>0.18 MeV unit '
" ) * O DHE unit [\LLdO Nickel Egquivalen t)
E NIFCR(i1): Number of the divided rangss for Lh:'cor igticas |
| (=4
: IC:(H i): Fast- neutron dODe ab the u per bouncqucg of the 1
l ~PICE{l, 4) divided ranges /cr o
2-2 | A1z(i), IZAL(M), nlnl(u,, NIpal(i), pIa2(,1) PIAL{H,4)
i gAlI(ﬁ) ¢ Thermsl ex pan51or ccefficient «, of the Kith
} material 9C™+
| IIAl(M) : Parameter t0 sp0011y the irradiation danendence
: (IIAl(M)iao or independernce (TLCn( )"0) of the
Y thermal expansion ceefficient cxl_oz the ¥'th
[ material.
| RIAL(H): ]
; NIFAL(M):
i - , he sa : b
l PiAl(ﬁgl): f_ the same as above
} ~21nx(l, 4
231
|
i
|

CpIAg(i,1):
~pIA2(H,4) 1

A2I{H) 3 T*erma] eXDqulOﬁ poefF1c1ent aé, £ the Mith
material o~ :

11a2(#) : Parameter to cpPCl’" tine 1rrad ‘ation vﬂpenoence

(I182(M)*=0, or independence (13CH{M)=0; of

the thermal axpdnclun coeiilc$eﬂ+ cgyof the

¥ th material. o ’ :

%142(H) y
yipaz(M) « U, .
the same as aovove,

o



e

group Fo. | ... -

2~4

025

26 |
|

2=
|
|
|
;
|
!

2-8

Kime(d) - v )

AT T . :
Co ITPR2AM) v Parameter to speclfy

JARBT—M 5513

DATA and DESCRIPTION

| FORMAT

mI(w), 1rei(m), rImi(m), NIFEL(M), pIR1(3,1) ~ 21K {¥,4)

a3T() s
kg/eme

Parareter tc
(TIE1(M) ~0)

the Young's modulus B
. ST

TIE1(M)

ZIE1(H) .

NIFEL(E) ; ;. the same

PIoL(¥, 1) 1
s, 4) 7/

as above

ng's modulus B
/'cm2 . :
ter to specifly
: e Yourrs's modulus 3%
WIFE2(M)
pIE2(M,1):

» the same as above
~7iB2(M,4)/

Young's modulus K, of the M'th naterial

of the ¥'ith material

eniI(w), Ireui(s), KIPwi(M), HIFPN1{M), Pzéﬁl(M,l)

~PIPN1(I, 4)

PNlI(E) : Poisson's ratio V¥,

TIPN1(M)

(IIPNI(M)**O} or independence \1IIFY1

o the Poisson's ratio v,

wIPNL(M) s ‘} :
WIFFNL(M): %y il g s

pIpr(y,1): / The same as above

~PIPNI{¥,4) /

Parazcter to specify the irradiation

of the M'th material .

dependence
(1)=0)} of
of the H'th naterial.

PuoI{m), TIPN2(¥), KIPN2(l), gIrpsp(m), PIPR2(i,1)

~PIPN2(H,4)

Poiszon's ratio v

PHoI(M) e y
E

(IIPNZ(M}ﬁ=O} or independence { IIpii2
the Poisson's ratio
KIFN1{M) Vo v
NIFERL1(8):
pIeNL(i,1): |

{ o . o
+the same as aboves

- ~PpIPNL(M,4) 7

socro(i,1,1), ATCRL(#;1;1), ATCR2(M,1,1)

These are the coefficients of the polynomial eguation
2.4.1) in the text, and are nccessaly oniy ¥ TICR(M)
’ ! ;

are;

ATCROUM,1,1), AICRL(,1,1) and ATCR2(M,1,1)

the zero-order,

is zmero—order coefficient of the seventh--order

equation of fast noutron 4ose,

...—30....

_of the ¥'th material:

1
meT(n), IIE2{m), ¥Igz2(H), n1wE2 (i), PIee(i,1) ~ PIE2(4,4)

a 8 the irradiaticn dependenc
e 5 . ey {27 <3 ~
71E2(#) =0, or Independence (IIaZ(ﬂ):O) of
h of the M'th material.

ol

T

specify the irradiation dependence
. on [ I S S L
or independence (IIEL(M)=0C} of

6 the ¥M'th material.

F10.3%, 3I10,
BlO.3.

@10.3, 3710,

MEIO.B

i
|
!
!

g

£10.3,
3110,
4%10.3

210.3,
| =110,
1510.73

the irradi@tion‘dependencé
(1)=0)

of the H'th material.

i
|

~0. |

rafpectively,

first—order and second-ordar cozfficients of
the second orAer polynomial egquation of . temberaturs, which
polynomial

in +he first correlaticn regicn.



group lo. -

N
|
No

5=2

ord r polynomial

'Tznw( 1) = 0. See

" These data are ncccssarw

" These data are necesgary only i
846 the equation (2.4.7) in the

lh“ fuilONln date are ne
+

JABRI—N BB13

DaTh and DESCRIFTION

Thes mext card gives ALCRO(M,1,2), aIcr1{M,1,2) and
AIC R2(H 1, 2) and this procedure goeS'on to the eighth
card wrhich gives the seventh-order - coefficients of the
seventnworder polynomial equation in the first
correlation region.

I,

Tre above procedure contbinuss un to the last o wrelation

ragion (WIFCR{M)).

Alﬁlkﬁ KL,K)

R T LT T S R
Alazil, K} is the

nth-

~th correlation

The first card gives elght
&IAL(L,L 87, in ascending or
The next card zives eight da
region., This procedure cc“tﬁnukq up to
correlation regicn| (NIqu(M Jeo L .

ATA2(K,N,K)

Jd.,ind.

0111 :) i'P AP !
Seo the | quatlo '(2 4.8)° 1n thh e
The ¢ard arrafgencnt is the same ds above.

AIBI(HM,N,K)

These data are necessary only ir LIE‘( )- .
. . - oL .

See the equation (4.4.6) in the text.

The card arrangement is Lhe same a8 above.

ATE2{M,N,K)

Those. data are noCessary oniy if IIE2{M)==0.
the eguation, \2 4. o)_ln the text.

card arrangerent is the same as above.
ATPHL(E,N,K)

Mnese data are nesessary only if ITPN1{i) 0,
Soe the equation (2,.4,7) in the text.

The card arrangenent is the sane as above

ATTwa (LK)

& .
The card arrangement is the same 1s above.

Tbmperiturc ~dependent phyblCaL and mechanical prop riie

Tock(E), KTFCR(M). PTCR(M,1) ..., PTCR{M,4)
TCR(M),:; Parameter to specify the temperaturc dependence
o (1T¢R(M) >0} or indepencence (T7oR(M) ) of tne
thﬁrmal conductivity of the M'th material.
v only if IWCR{M)* 0.

cessar
the divi

e

WTVUL(MJ :  Number of

(=4).
Temperature av the upper bound&f*cg o* the
divided ranges ~C :

)
ITﬂl(k); Tqu(wi P“al(% 1) ~ Peai i, 4)

ded ranges for the correlations

BE10.3

8E10.3

8E10.3

2110,
AL10.3

2110,
4B10.3



group HWo.
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| PORMAT

- 3-3

34

3

5-8

— 52—

D4TA and DESCRIPTION |
ITAl(M) : Parameter to specify the temperature dependence 1
 (3r81(i) %0)) or inderendence (IT&l(D) =0) of the |
.. thermal expansiocn 7oe}f;01eni‘aL of the_b % ;
+ . material ;
“TF@l (M)
A‘( l):,} the same as the above:f
»»PTA (A 4)) ' !
1raz(¥), wrFae(M), Pras(M,1)~PTa2(H,4) | 2110,
. 4E10.%3
TTa2(H) Parameter to specify tre tQmP“TaLUfu dependence
' (ITA?(M)wwO) or independence (I”ﬁ2(“) —0} of the
thermal expanblon coeff1c1mnt '@¢ of the M'th
material. - '
HTF [12(14)
PrA2(H,1): » the same as above
~ a2, a)] | | .
TTEL(M), NTFELI(M), PTE1(H,1) -PTE1(M,¢) 2110,
4810.3
ITEL(M) Parameter to spedify the temperature dependence :
' (ITLl(‘ =() or independence {lTﬁl(M) =0} of the |
Young's modulus E, of the ¥'%h material
NTFEL(M) s v ' .
PTEl(M,l): / the =zame ag above
~ PTE1(M, 4)] L
1TE2(M), NTFE2(M), PTE2(M,1) ~ PTE2(M,4) 2110,
' - 4510.73
ImE2(1)  : Parameter to specify the temperature dependence
{17E2(#) +=0) or-independence {(ITE2(M)=0) of the
Young‘S'moduluS'E/ of the M'th material
NeFEe (i) \ - . L r o
PTE2{M,1) ; the same as above
~ereo(m,a) -
TTFPN1(M), NTFPNI(M) PTPrl(a,l)AePﬁPN1(M‘4) 2110,
T - 4810.3
TTPEL(M) : Parameter tc specify the tompcruture deﬂenqence
(ITPE1(M) >0) or 1ndependcnco‘(l 211 {1)=0) of |
the Poisson's ratio y of the I'th material. ?
BTERNL(H): L ' o 2
PTENT( M l) > the same as above i
~PTERL (h,4) o ,
TrEN2(M), NTFPLA2(M), PTERN2(M,1), ....., PIPN2(H,4) 2110,
_ 4510.3
ITEN2(}) : Parameter to specify the tﬁupefatur dbpendence :
S (lquz(u,*=O) or indepsndence (rewe(M)=0) of
the fOlb%Of ra+tr » of the'l'th ”“turlgl
uTFlQ(u): y Ve '
o PrPu2(M,1): / the same-as above
~PTPh2 (H 4]
ATCR(M,E,K) : 8810.3
ATCR(M,N,K} is the K-th-order boe¢plcluﬂt GF t;o ceventh-
order volyncmial -egu sation of temperatire-in the Tiwthos
correlation region, and are necessary oniy if lT‘?(U)A—O
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(=5
E

zroup No. | ___DATA and DESCRIFTION AT

{

| See the equation (2.4. 1) in the text.

| The first card gives eight data, from ATCR(M,1,1) to ATCR(M,1,8),
in ascending order of K. ?

" The next card gives elght data for the seoond correlation E
region. This procedure continues up to the last ccrrelationi

, { sr e -
reglon \NTFLR(R)},
%9 ATAL(E,L - 81E10.3
Thzaee qata are necessary only if TwAL(“):¥O
See the eguaticn ( A 5) in the text.
g i The card arrangement is the same as above.
310 ATA2(M, %K) ‘ ' 8BL10.3
. ; These data are necessary 1" ir ITAs() %0,
Sce the equation (2.4. 5) tne text.
o The card arrangement 1s the same .8 AROVE.
3"11 iTﬁ—l( -,lq’.\.a. aElU-B
j These data are necessary only if TREL{H) >0 SR
| See the equation: (4.4 £) in the text. :
j The card arrangement iz the same as above.
3-12 S ATE2{M,N,%) | - L &“ _ T 8EL0.3
: .. These data are DEsessary. only, if rrE2 (i) 0.
Seg the ooaatlon (2.4.6) in the texi.
- . The card arrangement is the same a9
Z-13 ATPAL(H,H,K) SR - 8810.73
: Theze da t ars necessary oaly if TTPNI(H)>=0. j
See the equation (2.4.7) in the %ext.
The card arrangement T the sane as-abova.

3-14 ATPE2(M,,K) | . . 8R10.3
hese datas are necessary only if ITPR2(H) > 0. !

==

T
See the equation (2.4,7) in the text.
The card arrangement 1is the samz as above.
4 Irradiation—induéed creep COhquFt and Poissen's rdtio iz cree
4=l CXGI(H), (m) HTFKG(M), P pruG{if,1) ~—PTKG(M,4), FECGI(H) £10.3,
' ' C P " 2110,
. L : _ 5E10.3
CCRGI(H) ¢ Iry aalatjon—~nuuceo 8 eap crstant of the L'th
material. (kvfcm ILO‘i nj om ﬁ ~1,

ITKG(M) :  Parameter to specify Ln» tompg rature dcppndbl
(Ir2G(¥) 2= 0) or indepeadence (ITK (G- =0} of in
M'th material.

6]

The following *two data sre necessary only if IWBG(M)%=O.
KT ”G(H) . Fumber of tne divided rangos for the corrclations

(<a).

PTKG(H,I : Temperature at upper: boundsries’ of. the divided
. ~PiRG(M, 4) ranges o¢ o |
C PhuGI(ﬂ) : -Poisseon's ratic in irradiation creep |
A2 ;'AThu(L,u ) ' ' ' ' SRR L BEI0.3

snventﬂ -order
rrelavlon

f A“”G(b m,h) LS the K—th-order cuﬁ
i ~ polynomial. equation of temperatur

i .. region, and are ngcessary only i-
: See the eguation (2.4.9) in the t

I
en
Wl

!




group - No.

o R,

6-2

6=~3
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- DATA and DESCHELIPT IOH_

[ PORMAT:

The flLSt card gives sight data,. from ATﬁG(x,l 1) to -
"AT{G(“,l 8) intascending prderiof. K.

The next card gives eight data. for %he second Currelatloﬂ

region. This procw ure continves Uy to the last correlation

{region (lTF(G(P e -

Creep ccmplaiance constant and thermal creei arameter

CsGI(M), MJ(M) _
fficient in creep of the M'th
7 material in the perp=ﬂdlcul hy a;rcctlon .
aP2I{M) : Aniscoircpic coefficlent in creén of the M'th
material in the parallel direction .

Aap1L{m), areI(m), cxrI(i)
ap1I{E) ¢ Anisctropic c

E
5S¢

CJ 4.'"7(‘,}

[

CETI(M) : ¢ ‘Oalculational parsmeters Tor thermal
CcseIin) s agkg/cmz F or enp o
ciI(M) 5 m [ 5ea the equation (2.%.30) in the text.

Trradiation-induced dimensional change data .
Tpi{y), xeo1(M), xro1(M), NrDl(M) Pri{M,1) ~ PTl(u,4)

1p1{M) ¢ Parameter to *yecllj the H'th material whether
i+ has dimensiocunal ﬂh&n&b (IDl(P}EGO} or not
(IDl(M) U) in’ perpond1u lar dirsction (Wl )

The following dats arec nscessary only if TD1( U)AEO

KGDl(R : Unit of fast neutron dose in the' correlations.

O & (.18 MeV unit .

=0 DNE unit (Dido Fickel Bquivalent)

KTri(M) :  Parapeter to speclfy ths ftyps of temperature
variables in the cerrsletions

=1 T oG
- 2 T/1000  9C
= 3 1,(7/1000) °0

NEDL(M) ?ambcr of the d1v1da ranges for the correlations

PT1(1%,1) : Temperature at th upper boundaries of the divided

~pr1{M,4) ranges °©C
1e(n), Kep2(m), xroz(w), wFp2(H), pra(,1) ~PT2(1, 4)

IDZ(H) : Parameter to specify tha 't material whether it

o Has dimensional change {ID&(M)*%O) or not (ID2(F)

~ =0), in parallel dlruﬂ;ioﬁ'(3>¢ .

KeD2(M): v ) S

iigg%ﬁ%i > the =zame as above.
p12(K,1):

o~ pT2(M,4)

sp10(i,1.1), Ap1L(%,1,1), ADL2(,L,3)

in the text, ard are necessary oniy if IDl&P)‘»O
wmo(i,1,1), Api1{i,1,1) and AD120H,1,1) are, respoctively,
the zero-order, first-order and 3:C0nd- ovdcr'cooirlcltnta of
the sccond order phlyromlal E&Uijoﬂ of temperature, which

is sero—order cocfficient of the aaventh mor%“r:pCIYnomlal

equation of fast neufron dose, in tnL Ilrbu correlation
region.

These are the cocfficlents of the po'ynomlhh_ecuatlon \2 4. b).

'§5510.3

1 AL1C,

451G.3

AT310,

4110.3



DESCRIP

next

card gives AD10(M,1,2),
on to the

the

[

group Ko, |
o mwon
: The
! and
1

tnis procedurs goes

seventh-ords

r coefficients of

P

Mi

The shbove procedure

cquation in the first

The above procedure continues

ko)

continues to the last mate

correlation

TION | PORMAT
4011(H,1,2) and 50212(1,1,2),|

eight card which gives 5

the seventh-order volynomial

TCZI0Il.

to the last corrclation

region (MFDL(M)).

AD20(,1,1), ADzi{k,1,1), AD22{(l,1.1)

These are the cos ffLCLbhuﬂ ot the polynom1uf equation (2.4.8)
in the text, and are necessary only if IDz{k)==0.

The card arrangemsn®t is the same os abova.

scellansous data

EM(M), UR{M;, HB(M)

EM(M) . s Emissivity of the K'th material

UR(M) :  Surface roughness of the M'th material cm

EB(K) : Brinell hardoess of the M'ih matorial ﬁg/sz

rial (MATR).

3210.73

SEI0.3
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Table 3.2 Inpub specification (GASE INPUD DATZ)

group No. DATA and -DBSCRIPTION : | FORMAT
e : - o FUN S
00 | Title of this case _ o i
2 TRITLE(1) ~ ITITLE(20) | 20h4
| I
_ i ‘
01 i Data optlons ]
' | micl1) ~ 1mc(9) _ | 915
i IHCQi} _ 51 The i'%h group data are nocessary in this case. |
L Tic{i) = 0 ¢ The 1'th group dats remain tha same as the i
! previous case, and i'th group cards are omitted |
: in this case. ' i
l ' |
1 | daslc calculation parametors |
| TpOYPE, JHAX, LiAX, KP(1)~KP(IMAX) | 815
1 TPTYPE @ Type of the struviure
I - 1 Red {(Cylinder/ l
= 7 Ball i |
1 714X : Number of the stationary reglons (=5) ]
| LHAX i Bumber of the axial subdivisions { =20} |
| Er{j) : Yumber of the resh points in the j'th stationary }
| razion (< 20) 1
'\,
2 | Dincnsions ) |
2-1 | n1{1), ..., RI(3), «--s RT(IMA%), RI(JMAXL) | 6£10.3
2 Inner radius of the j'th staitionary region cm , where |
| JMAXD = JHAX + 1. 1
| AI(JMAX1) is nccessary only if IFTYPE = 1. i
1
o2 | DERI(1) ~ DERI{JHAX) | 5810.3
% DERI{ i) : Thickness of the j'th stationary region CU |
L - |
2-3 HC i E1G.3
| Axinl length (or height) om :
2 i Material assigoaments ‘ %
51 | IATN(1) ~ MATN(JHAX) | 515
{ MATH( j) : Material %0. (1) of the ['th stationary reglon, |
‘ . . H
3-2 | 1pUR(1) ~ IDDR(JUAX) L 515
| IDDE(j) : Option to specify the model in irradiation- i
! irnduced dimensional change, IDDR(j) = © |
{ for the anisctropic model, and IDDR(j}*=O for !

a  the isotropic model (See ths scction &5 ,4.2). |
1Y = ;

t Iyradiation conditions (See the section 2.5 in the text) |
4-1 | GAV i | | E10.3
‘ Reference fast nsutron dose 1020/ cm? |

4-2 | 116, LLG |
| 115 @ Humber of the data points to spocify the time i
| dependent fast neutron dose (2=ITG=21). i

i 1LG @ Number of the data points to specify the axial fast
neuntron ¢ose distritvution (2§;LLG§;21).

4-3 | pampG(1) ~ TAUPG(IIG) | £F10.3
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DATY and. DESCRIPTION

i R W = T e e

HPG(1) ~ #pe{LLG)
Axlal logations
o2(1) ~ Sb(sman) | o
Radinl distributidon Factors of tre fast neutron dose
relative o the reference, '

solm

GaP(1,1) ~ car(1,LLa) ‘ .

Avigl distribution fuctors of the fast neutron dose at the
irradiation time TAUFG{1). . S IR

The next card gives LLG-%h data, from GAP(2.1) tor&APCE,LZG},
in ascending order. This procedure continues up to the '

last irradiation time TAUPG(IIG

Operating parameters

¥FRE(1) ~ §Fn(JMax1)
Pesignation of the flowing regions,
NFR(3)> 0 for flowine
IFR(1) ~ IFR{JMAX1) _
' Degignation of tke substances in £&p rezicns,
gas, otherwise not permitted.

JPCI(1)~ JPCI(JMAXL)
Initial conditions of the gap regions, ) .
JECI(}):O-for\seperate, JPCI(j)&:O for contact-

AWC, BNC, CHC, DNC, UKC, TGC(1)~ IGC(JMAX1)

-
v
|

 Coefficients of the heat transfer
L. TP . ) .
correlation, ec.\2.7.14) in the texzt.

BLC

CNC

LI

w0 op

——,

IUE |
UNC : Husselt numwber fov laminar flow.

fhe above data are necessary only if IFTYPE=T and IGG(3)
I6C{3) .« Option to specify the heat transfer coefficient

the j'th flowing region.
Calculated by the code
Input constant

BGe{1) ~ Heo{IMAXL)

Heut transfer coeffieients of the ;

Hut, when IGC(1)~ IGC(JMAX1)=0, *hi

CPH{1) ~ CDE(JMAXL) -

Correction factors of thermal conductance, &
) ,

See the'egiation’(2.2.12) in the tést.

=0
- 0

LI

(Operating conditions (Sea the Section 2.5 and 292 7in the te=m
WAV, WAV, TI, PI, TGG, #V, 4F, BN3 ‘ e

Reference heat generation rate cal/cmls
Reference coolan® “low ra%e g/s E

Core inlet temperature ©C

Core inlet pressure kg/cm? )

Guess value” for calculaticn of radial inlet
temperature ©C

fellowing data are necessary only if IFTYPE = 2,

V.  :.Coplan: volume- faction in the.core. :

AF ¢ Coolant flow area com )

52 ¢ Number of the ball structures per unit sxial lengt

QAV :
WAV
TI
PI
TG e

'

The

.

N - -
region, thgg)::o tor gap region.

BELOL3

5E10.7%,

£15

§6E10.3

L n/em

61,3

o8]
=
=
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TE=-2

6-8

6-9

ALPI @ Accelaratior parameter for pressure iteration

58—

PORHAT

DATA and DESCRIPTION I .
116, IIW, LLQ . 315
II¢ : Humber of the date points to specify the time :
dependent heat generation rate (22311Q§%21) i
TIW.: Humber of the data points to specify the time dependent
collant flow rate (2= IIW=21). '
LLG ¢ Number of the data points to specify the axial hoat ;
generation rate distribution (2§§LLQ;;21).'
TAUEG(1) ~ TAUPR(IIG) | BE10.3
Irradiation times day
TAUPQ(1) ~ TAUPW(ITW) . 8F10.7%
Ireadizticn times day ’ %
wpR (1) ~ EPQ(LLA) 8510.3
Axial locations cm
QRP(1) ~ “RP(IMAX) \ S 5E10.3
Radial distribution factors of the hent gensration rate
relative to the reference. o ;
Wap(1) ~ WRP{JMAX1) S o 6E10.3
Rudial distribution factors of the coolant Tiow rate relative
to the reference . i
oaP(1,1) ~ QAP(1,LLG) - L BE10.3
Axial distribution fsctors of the heat generetion rate at the }
irrndiation time TAUPQ(1). _ R o
The next card gives LLQ-th data, from GAP(2,1) to GaP(Z,LLGJ, ;
in ascending order. This procedurc continucs up to the.-last i
irrediztion time TAUPL(IIGQ). - . |
WTP{,1) ~ WTP{j,IIw} . 8E10.3
Time dependent factors of the coclant flow rate in the j'th ;
flowing region, L o
The next card gives IIW-th data, from WTP{j+1,1) to WIP(j+1, |
II4), in ascending order in the_j¥l'th,flowing region. }
Calculation parameters o o
DTLU, DECGG, DECTG, XIFC, XIrp, XISC, XITC, AITH } ZE10.3
DTAU  : Unit time interval day N ' T
DAOGE - Initial incremental guess value of irradiation |
e crecp strain  om/em ' o '
DECTG + Initial incremental guess value of thermal creep i
strain cm/cm _ : e : :
XIPC : Convergence critericn for inner loop of pressure. }
iteration kg/cmz
XIFD : Convergence criterion for cuter. loop-of pressure.
iteration om/cm _ : _ _
AL3C : Convergsnce criterion. for creep strain and stress
iteration kglcme e _
ZLITC  : Convergence criterion for coolant temporature
iteration 9C ' _ S
XIUK : Convergence criterion for radial temperature iteration:
oo o
ALPI, #LPC, ALTC, ALTH v AE10.3
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group Ho. DATA and DESCRIPTION L 5

| P

i ALPC ¢ Accelaration parameter for crecp ‘

| iteration.

hoeelapation parameter for coola i

} iteration. S |

ALTM s hecelaration parameier for radial temperature

iteration : !
|
:
|
i
\

T
3
2

1, ICM, RIT, =TP, TPRINT, NCL, NE2
IMAX ¢ duwreber of ©h onloulation *time steps
THTR ¢ Option to speclfy “re medel: for ne eat transfer in
gap region
Copduction heat transfer
Andiation heat
Oonducthion aund
Option to specl
LqUatTOﬂ (2 3.
3

7-3

I
R I

heat transfer

i ation-induced ‘ercep model.
[
I

i ICH éi
| 4) in the text.
2)

= wguation (2.5, , L2.%. in the
! wIT . Vpximum iteration count for wadial ure iteration
‘ NTF . Interval count of the time steps fo, print the results
TPRINT: Opticn to specify the pr rinting of check ¢ s i

check dasa are print L o :

F Tnterval count of the time $teps to print checii data

[ fEy T RTITY 7 o - B : .
| (iPRINT =0). :

|

=
&
i._l

ne2 . Tnterval count of the axial pointdg 1o printd check
| dria (IPRIAT=0). |
: |
8 1 Shutdown conditions b
| ot A\ ‘ :
i 78D, PSD, TFB | 3E10.3
, peD  : Shutdown temperature G
| P3 . Yhutdown coolant pressure kg/cm :
: - - Op |
IFB s Dtaﬂdardptemporature 'C. , L _ w
9 Finnl case eard: -~ - .- oo . ST ey |
ICEND ‘ L ‘ 5
| Ta this cnes is the fimal onc ip bas job, ICTND=999. |
1f not so, ICELD=0 or bronk. i

— 59—
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{yu—fﬁﬁwifﬁ%ﬁ _ y
D, R (23410, (2397, (28974)
D reERE, X (2214 ) RE
CEFAORE (2.4 8)
DR, R (2.341)

cHkERE, K(2.214) 8RR

D EAROBRE 248 )

D AEDTARS

D AT O Hp B

LA AR, T OB

k(22 4 R

L SR O G 2.4 )
:ca/r)j,ﬁ(zaﬂm

Dk (2,214 ) B

DS IR O R (2.4 B )

I P

DBEHMED T A

D BVEE R
:#%ﬁvf%mmﬁmﬁﬁaﬁﬁ,i(umsiﬂ235m,
(2.356a),(23857a),(2399),(2399a)
CHMBE, BOFS

BN Vﬂ‘} & A

DY - TEH

B RFmSRAES

CEEs ) — 7T A AER, R (2.330)
CERmERFOM, R (2392)
DM, SV, BEERIEDD

DB AER

L EIH T~ O EB R

DO EH B OO RERITR

DR TR

LR QRS m T, T AR ER
CHEMERR (T TIAT YA

VIR

D EE R B
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DO A

LT A

PR
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5@%-»{;% ZE
E
I“EﬂU—?”%TéﬁﬂEﬂ,i(ZSW
CmpEE

LR HIETR T
LR (=10 : _
CEE S0 - TICE T M R, R (2.330)
DR
CAAMIE
DS ERRD
:Wm;u—a;+f//t

M =2 89

BTV K

S OSNE S
AT RN OB, B
DRI DITHICE T AR 2.3.2 3K

o

N

b
-

TR, BMiR T o TEHE
TEBOFE

e AP AL UL A
LT

g, wFe (AT )
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