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FREG-1 : A Computer Program for Calculating the Gap

Conductance in Oxide Fuel Pins

Yasuo HARAYAMA, Fumio IZUMI, Misao FUJITA, Rayji YAMADA,
Atuyoshi MORISHIMA, Minoru KURIYAMA and Akihiro ISHIBASHI®

Division of Reactor Safety, Tokai, JAERI
( Received December 24, 1974 )

The USAEC decided in 1972 that GAPCON be used for evaluation
of the effect of UQ, pellet densification on the radial gap con-
ductance. Preparation of the GAPCON for Japan for safety evalu-
ation of fuel rods was deemed necessary. The computer program
has thus been provided FREG-1 by revising mis-programs in GAPCON
and incoporating new options. The explaﬁation of FREG-1 is given.

* Century Research Center Corporation
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A Hlow chart of FREG—1 main progranm

FREG—-1ORETR T a0 78 —F v —FFHMITLRT, CO7 8 —F ¢+ — PE@EEDT
B—F e — bl LR L HETEWTS S,
Nt

D HESTEFC| i, 8l 75 73 a8 TEPOHNUHENDZ ETM T,
23 <'I TIME==1 (yes)

(ne)
i, IF etatement T, ITIME=1 %&6if (yes) KPHEmECH{, TTIMND 1
%G (20) RBICT %o
B TREG -1 o ASHEH
FREG — TR 1 ¥ 7 o b #RWCIRTo 47 o FIHEB L L@ Foriran symbos
LU B e T A Do
A
T T bR TP REG 1 DT 7 k7w b B te AN NAKMERT N T
vy POBAIECHNTINRTW S,
D oo A4 P ER &
H5BETHALAMES T EDTREL o



A
Flow chart of FREG-1 Main program

NMIX=NOH=1
Next Case ,_muuw,,umm_Eﬁgffgg
JCASE KOUNT=0
sTEP!I | ........ Input data read and Irint out.
3TEF2 eseraras Trnput data arrange and Print out.
STEP3] .ecove-. Tnel volume and welzht calculation.
}TIME:O,
TDAYS return (counter=JCAJE) .PO=F
o e T -l A T —— YRy
| 'JCASE= JCASE+1
! "ICASE=0
T=TDAY3*SECDAY.
. RSINZ> 0 »——— -
i "WGT=RHO*(PF3**2- RVuID?‘*?)*PI WGT=RHO*{RF5**2~RSINZ**2)*PI
WGTS=0 | WOGTS=RHOS* (RSINZ**2~ RVOLUZ"?)‘PI
__P return {countersICASE) 5y e
\ ICADE ICASE+T,
E : =RSINZ’
% QSIN-DCINZ. _
Lo RVOID=RVOIDZ'
N DVOID=DVOIDZ
VVOID=VVOIDZ,
LHN:O )
; MTIME=O
Z'FRP=1.0.0r .FRP  0,00001,"
. S ITIME> O = e
P P=FRP*P ‘
: : T=TFR*3600.
| | ITIME=1,
return{counter=LMN)

FRF e
o | " (only one time return) (1001) 1 -
|
i
}
I
|
|
|
i
|
1
|
i
|
|
|
1
\
W
\
|
L
|

_ ——— e __,._._—b-(_’z6

'P=P/FRP
T=TDAYS*SECDAY.
ITIME=0

< 1002)- e
lSTEP ] -.......uoolant Claddlng Heat transfer calculation.
Trer=0
1H=1
HG=0.567
KSINT=0 |
(70 "y
ITER=ITER+1. 3
(7D '
[PFS=TCI+§CVRAG/HG, rhfw«~n--f~r - (134 )
Temperature profile.... STEPS o 5 [« ITER- .50 L )
FisBion E&8 ceeceesnene FISGAS] | 135) (ﬁ*@)
Thermal conductivity... STEP6 i '\ - HG-HGC s 3 /W531/ HG,BGC
Gap conductance........ STEP? : : (146) o L7y '
| < ITER=1 = oo HG=HG+0,567/M ¥ HG=HG-O. 367/H

1HG- AGCY ~0 . 001 T | J. M=10°M
l 30 ' It i*HG:HG+0 56?/)15
147 -

[OU OF} +-+v...-Trint out of results.
(KSINT= O

r__‘__m"“ ~

& - 1€0.001 "
KOUNT:KOUNT+T” _
: FRDEN> FRSIN  FR3TIN=FRDEN
T <0,0 - -,
Qe3) “RETEM=0.00001367* ALOG (T/3600)+0.00048 -
"KOUNT=0' "PSIN=1.0/RETEM=27%.0

J”FRP=1.or.FRP<:o 0001_ =y RRSIN=RSIN

) | LMN=LMN+1, ! ) Restructured fuel geometry

_ ‘ “"‘““_ﬂﬂ*ﬂuﬁﬁﬂ-lj E A (161) and density calculation.

co (110%)y— RSIN=TERP(TSIN,BB,2,N) .

o |PPMAX=PMAX-O. , 0001 | < RSIN < RRSIN _RQIN_RH?IN:

; 7P > PPMAX "DSIN=2*RSIN _

| ! RRVOID=RVOID. - }
)

»----%w < KOUNT > 0 -

: (164)
" ' {P=P+DELP! RVOID=SQRT( (RSIN®+*2)* ( FRSIN~-FRDEN)/
e RSIN+(RVOIJZ"2) FRDEN/FRSIN)
, . RVOIDE RRVOID ; RVCID=: :RRVOID’ : .
[P=PO! THYOID=2.*RVOID i
= "TDAYS-(TFAX-1 E- 10) } ELTC=FL-VOIDZL ,
L“__Tv,w,___j VTC=PI*ELTC*RVOIDZ**2 (160 )
-

" ——(170) \ YVOID=PI*RVOTD**2*FL/PEKAVG-VTC. T3
(TDAYS=TPAYS+DELT]

1
J

(_]_é;}‘:y— [ R e =
'ITER=0 '
M=
HG:O 56?
JK:INT=1

oo e e

)

L S UUS

i

L R
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CQEFFICIENT OF THERMAL EXPANSION FOR ZIRCALOY.

FIGRO - Refer:§3 and . ,
Llcr;d {zirconium) Rerpendicular to [0001)
to EOOOﬂ

® &‘fcfm 20% to 3‘70’:):‘6.&8:_10"}*; for randomly oriented Zry-2.
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Thermal Conductivity of Zircalloy. =
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POISSON’'S RATIO OF ZIRCONIUM ALLOY
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- WV PN

BUREAU OF MINES ZIRCONIUM ( ASTM Special Technical Publication No. 314 (1962)

&  WAPD
X o BMI
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HEDL-TME 72 - 128 Code GAPCON p.B-7 s BNWL-1778 code GAPCON THERMAL.
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P=20.325(1.6.59x 0¥ T () )
V=042 for JPDR Design Repart GEAP 3767 P.54
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Zircaloy-2 Meyer Hardness

HEDL - TM72 -128 Code GAPCON.
BNWL-1778 Code GAPCON THERMAL.
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