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Method of Computing the Angle Factors
ameng Fuel Rods in Clad Swelling during LOCA

Kiyoharu ABE
Office of Power Reactor Projects, JAERI

(received December 14, 1974 )

Radiation heat transfer between the fuel rods is important in
analysis of a loss-of-coolant accident, A method of computing
the angle factors among fuel rods is reported. (The angle factor
is defined as the fraction of total radiant energy from a radi-
ating body which strikes an irradiated body.)

The assumptions made are : the radiation as two-dimensional,
emissivity and temperature uniform on the surface of a radiating
body, no bowing, and the cross section of a fuel-rod cladding as
perfect circle before and after swelling.

The shadow area method, which is a general calculation of the
angle factor, 1is used instead of the Lambert's equation. The
method developed is based on orthography, and the angle factor
is given as a function of the shadow areas of radiating and the
irradiated bodys by parallel rays. It enables analytical calcu-
lation of the angle factors among fuel rods for any degrees of
clad swelling. Prompt and accurate computation is possible each
time the LOCA analysis predicts the swelling.
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" Se(#): Shadow of R by Paraliel Rays
in a Direction 9
Sa{$) : Shadow of A by Paralle!l Rays
in a Direction ¥ C R
S(#) : Length of Intersection of Sy(f) and Sy#)

B10 TEAMHTO, EHETRNTONERFMEL

S~

e'

D11 mARMICHEROR it ML, h, ONEHER,

Sie)

a  Se)=2m - (for ~¢sdsy)

N,
N,

-8
b:  S@)=rg +4,~dsing (vspse)

Similarly
C:  S@)=RK+0,+dsing (-0s9s-9)

B12 rpgr, OLROS(A) OREE

T13-
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+d(cos &- cos ‘ﬁ)} a.)

LT, AERTFRANARR TESL 25 L sAEHE T aht, EEE MM
T 22%, SERAC v FRIKZ2I52BLURKREELD LT B, TO L EOHEN
MAEEEE TRDTE, L1 2 X0 dOMIKRROHEAER DI LT LHETTS
2y (RZL, EFEr ¢ it E$+ 3, )

¢ = @

r
d

ZOBFREIHNT, (D ~ UNDKeEMT 2L, g &y CLEO/ERTH, ARAT
FbIhd,

$=sin" (&4 = &n) 1
§=sin™ &5+ €n) (223
&LT'
1
h, = 28p¥ +(Ep+ £, )(H~¢)
! 2'17.'5[;{ ® * h
+Ccos @ - cos ‘ﬁ)} (23)
LLEEFIBRICE LT, €a>éy OBEOARBL, HRRTRDLIN B,
$=sin" (Ep—Ex) ©n
f=sin™ (Ept+ &y ) (25)
LT,
h ! {26, d+CER+EL D(O-¢D
v 27 &R 4 ® *
+(cos 0 — cos #) ) 26)

EpRb XU 6y THMBICELALREIOh, OFfE, H130X50C% 5, ZORHE, &p &
LOE, B, EREN038~0500MTELLALEDOR, ERDL TV S,

-14-
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1 1 1 1 1 1 1 1 [ 1 ]
'0938 40 50 60 62

, EA!

M13 R#GA ~OHBEh, &, REIVFA O
EETC » Pl En .y & ORI
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4 WHESHOEBROELE

2HTRAL S, RN ERTFOHNE, RONIKCA; -BjMOBEE L, ER®
ARSI L, AETH, TOMBR L, | OHBECOVTRNS, BEEMBLC T 5
Bdy Ays Ags =000, A BIUB,, By vooe By £, TRERBICHERA, SFEKB
LUTF, £, FHICA - BROMBER L LIFET ERLT B,

HEMMBECIhid, A-BHOBER LHRRTREbIR B,

'z= Z;R jS(rfi) dg ©n
L. PRddiiaoRE, S(P ik, FlHg et TEOALERLA-BHEABT2EHEARO
BTH 5, HARSMPI 2 02 22EMCbRresTELELIDLET 5,

B14CHHE¢LS(P) LOMRLEONTHET, MERT LK, S(PoBEdKLY . K

DIODPARHFT LR BT E NI D,

a dHFMEBEHEO) LHFEWA-BHERBT 301D, »xoﬁ%%8ﬂ=¢7‘5ﬁiﬁ§1
BELTRPRERELTEHNTVE VIBE. ZOWAD SIA) £ S{P) =S,(d) LED
Tz EiCT B,

b HFHEREO S bHEEA~BMERBT 2005, 20FOWHBLA, BIC

Lo THEIRTHLIBE, ZOBEOSB) ES{P)=S,,s(d)THRbTCLILT 2,
c OHABHBIHEEA-BHEABLAIVIBEG. TOBERSW@)I=0Th 5,
Ltﬁor.mﬁ%zujﬁAmm¢a J&qﬂ¢M¢®ﬁ§&ﬁ$%b€TﬁﬁT§6a
COHEI bR, BHAERLGEFRAS I OCBOURMFLC L » TRt 2, BT, R, A,
BOMNRERLAIGDLHOR LOBELCONWTHRAT 5,

nENBERHLTRLE, BERNTEARIOWNRE, UTFoa, £, 7, dLndeo
OHOKIHABL L > THRELOCT, 3, TLhOLOAOTEHLRNE, (K15 rE&BoL
Eo )

¢ BEKREGERAOEBEROGR. %L, M15a0RA'0X 5. A EZH
THELAEMBHNELZATALZLIPECH L ERALEW, T2bb, e,
AREMABEA ) Agr Ay, *vee TRNFLEOHBAEBOOROBKMETH 5,

B BEREGELBORBEHO L. cht, H1520RB' 0L 523028 < 4
B, HREMHEL, , Byy Bys sove TR FhOLBAEHOOLORIMNETS 5,

7. 8 IDERALHESBONENEM, COBBLHI5bOAR’ A" O X 5ICALL
(HBLEXLLLORK <. CO®XBREBL2ED 2 HER IV LOWTALTS B,
2EDIHB/CEICTRED IS, T2REYOLET B,

zor3ECn@ETALE, @, f. 1. SOKIRRKRI Y, RAOHABROL 5 KAME

ha(E168B)a

i) a<foLs, coLl, bTé<a<f<ritrd, ZOLEOLRRRTEDIN

-16—-
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obstacle B

S(9) = Su()

.obstacle A

radiating
body R

a: ¢-direction beam is restricted by obstack A.

obstacle B

S{#)= Sag(#?

radiating
body R

obstacle A

b: ¢-direction beam is restricted by obstocle A and B.

obstiqgcle B

i

S =0

‘radiating
body R obstacie A

c: No beam in d direction @ passes between A and B.

H14 HEdL, dHEARKBROKES(H) tOME

a: Definition -of common -tangent RA and RB.
FA’ond A8’ are not considered % be the
common tangents. of and are the
respective * inclinations -of ‘RA .and RB. :

b: Definition of common tangent AB and BA.
A'ond BA’ are not considered to be the °
common tangents. ¥ and § oare the
.espective inclinations of AB and &K.

KEALSENSS S

WS R g aekes

-17- .
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%o

1 T
L= {jﬂSA(¢)d¢+J Sa,n(Bdds ) ‘ @)
2P Yy B

e, SHRETRLEH,
i) @20 <TDEE, COLE, BT FLELILT LR Do CDEBEDLERA
TRHAN B,

L= fr Sa,a(@)dg (295
é

Zhi, BT BLFF,
i axfrof2roLi, coktid, B¥FI<rLhALath s, COBE, S
SO0LABLERAC, L=0ThB, LR ESIIE LM
W) 7R LUREELAVWEE, ZOWEBL L=0ThH2, cheBM'BLITE,
M UT, LESAH) & Sp, (@) ETROINAo LU, SA(d) L8, () ORME
PBRNBT LT Ba
B170arllbit, SA(8) XS, () OHALERT. Hrbibitbhdl
S, HAd eRvdE, TOLECRFBCHEE X 2IMEEA; PXUB; BEE2, TO
TED b, SA(B) 8 LS, s(d) ETNERROLOIKRHTZ LR T B,

Sa(d) = 5CA;) (30)
sA,Br¢)'= SCA; B : @D
W1T5b, SAld) 2 Sapl(d)BERERROL S Ik B4
SA(B) = En— €0 + i sin @ %)
Sx.6(8) =~x;~ £p;~(j=i)sin d+cos & (33)
LT, CrMAPEHRELT
js,\(m d¢=j(ER-$Ai+i sin $)d4
=(Ep~Ex)B—i cos ¢+ . )
SSA_B((b)qu:S{—EAi—EBj—(j-i Ysin &+ cos B} dg
= = Cp +85,) 6+ (j=i) cos ¢+ sin §+C (35

BOARCENT, A PERBOBERL LM IOBEES, <L b BDRCENT
Aj & Bj EREBOPBESLLTHC SOMAL G, <6< 6, LTI, B3N, GDANLK
OCOERAIHB LI B,

Jng(QS)qu-——— (6n— £ Che=d)~i Ccosdy ~cos by ) @)
B,
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{ radiating

B :r..(:c:)-. -3 ['s.«mo Ls..-u) a]

radiating
body R

Type I (sap and per);
in this case, £ -'ES Saa(d)de

radiating

_Type W (cta$ and par)
In this case, £ 0

\ma/—/

Type N’ (x2p and Y and § do not exist )
lnthll case, L=0

WM EBEEA aomluum:ai;Qf

‘ zoﬁ!ioﬁﬁ
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@,
JSA,B(é)dOS:— (Ea;+E0;) (-
G

1

+(j—id(costhy—cosd, )+ sin dy—~sindg,) (3N

chlib, FAPHERT ZONT, ERCHEKL %2 5 IRRNBORE i, | AE0LHK
T LTS 22 fl~E,  Sa(B)dd LU Sa, p(gidd RHMTE, LEHETLZ
EMRTE B,

%nrm.ﬁmé#fbankaé;w%wA.BoEO%ﬂm#%ﬁowﬁw&totw
BAKONTELTAL Y, i, R18ORAKONTELBCETE, (K181, MO
KMEFRELL T TR0, ROBET £ 2HCHERLTRHATS 3, YA 801, &K
H16THALABEIROLOTSHY, S(P) 20 2 3BHAR AL LT OBBERD S L
EThd, COMHET, dRKELAIZCONTCERCHERL 2 2REBREOLICE -
TV B ERTH 5. %5, uﬁwﬁﬁﬂﬁlimﬂmfb.%H&KOwTﬁMEWELT
HROZB~NBZ LT B,

TP, PEBARDVWTELL, 1 80FTR, FA, AHREEX D, ¢35 2RMEL
ECR2L 2B LA, BIEARTE B, Ay Ay s Ay AFERE LTEH T E R R N,

BRI ERBLOWTEL D, 6BV hEnes, BRromiiiRwt 2o
o ¢S B2 2L, By, By, B, ORI H EE 3, Lol, B, , B, BHEKELT
< T LA, :

LOLSERTBE, BERCHLTROL S 2 RES 2 ERbh 2,

) Ag v Ay DEBSIC "{iIFATWE Y RFBRFFERELTHTEREZ N,

i) HEKACDWTH, CETHIRNE (ZOBEA) I D L EMOMEE( Z0BA
M)&.r&?b%%“ﬁ(co%AM)xb%Emomﬂ&(goﬂAA)uﬁfﬁ
LT xn. .

i HEEBEDWTIR, F2E0 2B (ZDBAB, Y IV L EMOMBE(Z0BE
B, &, 7 £ E0BIGHE( ZOBEB,) L b b EHMOENE ( 2 OBAICEEV MF
HEELTHD2Z N,

V) BbomEHd, JOTLTIBRTLTHERL LTH <, BHEkcs simstmg,
BHERACDOWTRELOEN,: WERBROWTRENGE~NLEBHT 3,

Ly, LAEIBCRITROLINBLEEE, LROETID . KHT(saer 02t
VLI EFNVTHA AT TEREID, D~ OERRTOTEHE VLD,

AT, UEO IO LROKBE, BiEKA, B, Efcd, B18hmRT Lo, "&
BWENRIEW" a=a2a,. 2302 *v°* , b=b, . by, *vvs CONTELRIT LT &b
b CTT BRFERAAIERBICREIL LT ot SCHERKZ ST, EFKE-T
EB IOV OLPET S, (BEKaRELLEN, BERDREILE~EFT T,
o A, ERIGT BIREHR EAin  bo KT T 2REMER;, ET3)LOLOCHETS
L, BB ERE LTH CRBERENTH 20, UTOL 5 CHT IR 3,
WEM®WakoOnTH
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a: C‘ompdtution of SA()).
Sa(®) =& - &4, + ising

00g

COSQ .

ba

A wd- >Sing
b: -C-omputat‘ion' of Saa(d).
Saa(®) = -&5, ~ 8g; - (j-i) sin® + cosd

H17 HEEA B BT oLEOS,(d) .S, sl
oMM

—¥=0s

BzBs
) m
A; ) Al .

M18 iﬁKW§#tt6ﬂﬂ#acoIOﬂru iRK
BEEL LTH O, BEKACORTHA, T Y
A, DIEEBILOWEE B, B, #LUB, TH 3, T
.., hbo%, ThEN. a;, a5 by by, by E L. HE
S A, BORDDIIE BB Ih ABka, bILDOWT
 ERBTEICT B, :
(zORRRE2HCLTHNTD S

o=y, = B.

C-21-
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&
|V\ A

N A

€, Ok% ay= Aj,
¢, OL% a,=Ajg,

o

o]

ﬁ : o ; ®
L §¢§ dm+1®&§ am=Aim N

\ay <6< v Ok ay =Aj,

BHEEDbIKOWTH
a <o f owkxr %L
B Lo<L A DEE b= B

'ﬂz §¢§_. ﬂs DOLX by= Bj’
ﬁ : 62D}

ﬂng¢g,19n-!-1@t§ bﬂ=Hjn

| An<8< T oEE by =By,

L, MIUNZ, ThAENBHINATFEFWR2, bKFTh 2 mEBOERS, o,
A & an OIBIES, Fn 1 buoy by ORBEBTHY . A< Ay Chy Cooos LUyl
e LAy lry GBI, By <L Bal e B TR BHRED D (18 £
o

tet, 18 CHETAXKY YK,

¢, =Fy =«
By=F 0

Oyl =Py =T

Lk, (B, @) OEBRERDOYYCERIN S,
W a TRBICHEIR E LT InBR,

A g oJ Lyt DEE Am . (1)
(7L, m=1, 2, »=c+ , M)

IhEMW b TRERFR L LT < intiRa

Fon <8 <Bopr 0t bn
(%L, n=1, 2, es+» ,N)

g < DL %L
{ogas 8 .

LPENIMOMHSTEDLINGEEE, DR, fOrbdRILENT,

=B, =f, =8 @3

Ethd, GD,@BIRXNAEFOEERDILD, (KL, (O2ROAHLILS OBIEE
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BrFiridn 5, )
BT, BFIROWAR, FCARRALICKOETEDLENK,

. (B v
L= {J Sa()de + f Sa,s(B)dé ) (28)
a : B

A€
LORE, UEOERIPOROLOIKBEZ 2,
1 8, .
L= {f Sa(p)d + 5 ( Sab(ddded } (44
ATE p 'R N=1 .
0 ﬂn

ﬂn-{-l
zzT, Be Sa,b (I ICONTELTHZ, ZOLE, FHEKRDOPTCREBELCHRK

ELTMNThEoR, UDROMELLD, Thd, BEKaKDOWTHESHENS L,
M1 OWRT LS, g, £ < oy bWt mOMKIMETETBTLICL Y., BB I
BEWELTHMHBEAROX D A 5,

Bagd< o 1 0Ly ay,

Gl <O Gu 2 DER ap, 4
: ' 145)

d_“n-]-],“lgé g d/“n+10D ] a.un+l‘ 1.
Gopg SO Aot OLE apyy

ZZT. Un<m< Mol ZBmMICTL,
Ba(m=1t, DL &)

Tpem = Eu(pn<mg fpp1 D EE ) (46)
Foti(m=top +1DEE)

LET s, M ORFERKROLISCEEDLA B,
B ¢ <A, PRATRBCHEFRL LTHC 2kt

d'n,m §05gdln.m+l©bé 2m an
(L. m=g,, -], soo» ,Uppy~1, Hpyp)
LAER-T,
/@n+l At a.n »mt1
J Sa,p(dWé = & , S(ams bp)dg 48
B mFhn {0, m
ik, fﬁﬁjﬁlsa(g‘-)dqsvcom'c%‘f.%&.
L} . ar'.l.m-i-l
35(4)d¢ ="‘£'1J S(apm)do (49
ﬂo a|u.m .
@), N ¥ UDRICKATHhiE, BETHORDX., BRPHCROBLEDI N 5,
r
1 M a'u. -1 N HAatl (O 4 mtl
t=— { =} "SCamddg+ £ 5 “SCam. baddd) (50)
47563 =1 ] n=lm=;un a'

Uy m n, m
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effective effective .
P+ obstacle b, obstacke am /""‘ Ol
R ! ‘ ‘
= Bt - ¥’
. Qp .
b, . ’
N \>_ O
PN _é__ At
Bu-s ;
1 [)
' ]
5 up.'tl
Dyt a )'Ufmu I € LY
PIO' -------------- e d"".. u"’l”."
%'-I> u’ﬂ.i--.- ------.d".h"
a > s T “:"I‘m"
Wit | :
bn “ i
aﬂ.ﬁl N
%‘I ----------- d:‘.’.ol
uﬂ-vl .
a ) %" ----------- ul,ﬁ.d
I LI TR -t st = L, o
d """ d'.u .
Dt > ) 4 Mn
: Vet
: i
! b '
u’ *4
B K- ' :
<bl *l“ ---------- T Oy
[ bl Olap=of -]
J— = 0y, p,
' R GF«-I;U" ------ d'”" '
o/ I b o
no a’:-‘ ' ’l ! %A !
obstacle :
! ‘ 'd. """ “."
B« 1] _
— e ol olp,¢ o

519 (s A9 -ﬂn LU dm POBE‘%o ,un'i dm<ﬁm&jﬁ7‘C
ToORKEES 5o '
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Zp, BINOHARKROL SR LB,
1 N .Eu‘p-i-l 'd‘r‘n.m+1
F ¥ SCams bn)dd 61

£= ¥
amep M=tnta gl

- 25~
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5 FHHTe 7 A LEHEH

MERNTEAFECR T, B0 2752 fERLAs TOFNRDER2 0CRT, @
KRTISC, 2O7a25202 0N EIROXSC% 5,
1L BHEOHENER Ep JHEMA; . B] OMK, BhEEA; OBERIER &4 i=1, 2,
sees JK) 2 IUBEWB] OF/MMER €5 (=1, 2, *+o* JK) g AFRAIn
2 EERT, BHETE, (DXL R
3 B L, Ci=1, 2, +eee K, j=i, i+l . k%L, i=KOL2Rj=i0%)
PHET 5, COHEE, YT A ~-FryOBSTOL Y 74+~ INTGRL LI T %
InB, OBSTOLWE, KA. HemftLa®k, i, &, r, S&Rbd. 2k, dn,
Bo ERD B, LI, MAREAHCKT 55 2FH 5, INTGRL Tit, OBSTCL
CCHBLA G  Fa 2B fin o @ g ERD, ETANS G LR GD KLk b
£i,j R B,
4 SiBEEg, 2EHETIZ, (@OR)
5 BUME I . gi(i=2, 83,4, ceors KD ERHETZ (AN LI ADK)
ZOHUTa 252 e HNTOHBAEE2 1 KRT, 20K, EREOHNERE Ey M
0.4TH2LdZBRBMREEL PNT, HROA; &B, LARMLYELET L AL 20HK
FlTthd, zOBR, LVERRATERRELTVNAEOT, BEERFOLEHY LA Z-TW

5, b, HAERTFRICRKOERRS 5,

1

1
PR TR T 52)

20 e

(COEFE, B3TLARREOWTRLAOLAROFE L LAERKOWT T 2L
Boh B, )
Hyabbibhrkisc, AL, B &g KhrdboF~FTD5E, 1, HEWOTH oA
PbOM, F(NBTLCL>TRALRLBIOICAD, &, OWMMEOATHML TS BN,
FOS bR, KPFEIRTHRPECEL, DRREBFOKE 3, g, RBHECHNL, ;=
060 (T2bbA E(2DnkLEITRAICZSE, TOLE, hy &g, UAORERTF
HOWKZ B, ggs £y, HBRBERPT 20

7, P EELETVBSORARAEL, ¥ERC+FLEETRNF7 2L TH2 2L
RTe TOEBIABRI-M~5486 22508BBTH 5,
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read Ea, K,
$a(i=1,2,....K) and
By j=1,2,...,K)

yes

joK
no

0BSTCL

convex obstacle A
convex obstacle 8
compute o, 0,7 and §
compute om(ms=12,..,M)

w Pi(nti,z,.-,N)
decide ITYPE

1

INTGRL
compute Ma(n=1,2,...N)
compute olw,m
(n=1,2,.,N,m=1,2,.M)

compute  { 5y(4) dé
)

Lig= 4—1‘55

Se(@)de

compute
compute

@

20 MERTHNA =75 .00
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0125

bu=40 3]
& =40~60 -

& 0 45 50 55 60

tea 010

0.05

Lo, o438 o2 0520 0551 0570
g: 0114 0070 0032 0006 —-
&a 0018 0017 0013 0006 —
fa —— 0001 0005 0007 —
In 0680 0680 0600 .0680 .06%0

T

u

Lz ] 4

hy

nj=

0.00 A 1 I
040 045 0S50 0S5 0.60

—ds

21 HWEELLCAREZORSBAMAERTFOHNAA
COPE. A(NBNEEOEARBMOE » FiCHT 2
AWEE 642 0.4 LT, MEMA, LB, tF LA
HEEE, LML 20, mERTFOXILEBDL

rbOTH3,
T L T = —T 0.125
I :
Fu/2) R
£
& Jox
uFl.:
< R,
s |
‘6 N
g ¥
. Faa
? r
uﬁf
R
] N L 1l S : .00
&n O 0.0 03522 040 - 045 050

radius to pitch ratio §

22 $EH. miRiL{hzni 20. AERTFLER
NEyrEOREK. (JAERI-M~5486 226 H#)
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i} 3

FHEWHOHERKC D> T, BEEFFFZLEMURBOER—BRL. E2TERES
THBRRBO PR ERKIC, 2HACHA SR 2IER -HE 22T A, 22, LAL
DEMOBER Lk,

2 % X &k

) R B. Bird, W, B, Stewart and E, N, Lightfoot , Transport Phenomena ,
John Wiley & Sons , Tne, » (19860

@ BAXPEmEE, CRTFENRITE2K, (1966)

% HEME., RE(IPDR-IOFF14 7TV b eFAillbBIGHGEEIT), JAERT -
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) G, L, Singer ., VIEWPIN-A FORTRAN Program to Qalculate View
Factors for Cylindrical Pins , ANCR-1054. (1872)
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