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Analysis of Effect of Variation of Gap Size in Buckled Cladding

on Temperature and Heat Flux Distribution of Fuel Rod
*
Taiji HOSHIYA, Hiroyuki SOMEYA, Noboru YAMAGUCHI and Yasuo HARAYAMA

Department of JMTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken
(Received November 2, 1989)

Gap size will variate along the periphery of a pellet in a fuel rod,
when the pellet shifted one side within the cladding, fuel cladding had
ovality or buckling took place. Expressions were analytically derived
to estimate effects of local gap conductance due to gap size variation
on the temperature and heat flux in the fuel rod. It was shown that
errors in temperature estimation decreased to small values when these
expressions are applied to a U0, fuel rod with a small thermal conduc-
tivity and that those, on the other hand, increased to large ones when
applied to a UC fuel rod with a large thermal conductivity., Derived
expressions can be used in design and safety evaluation for UO,~-zircaloy
fuel rods in light water reactors.

The average gap conductance was represented quantitatively by those
expressions when gap size variated along the periphery of a pellet or the
pellet shifted one side within the cladding in a fuel rod. It was found
from derived expressions that the average gap conductance was regarded as
the nominal gap conductance at axisymmetrical gap size, even if the center
of pellet shifted from the center of cladding. This provides us with the
logical grounds that assuming a fuel—cladding location to be axisymmetric,
no problem takes place for evaluating the temperature of the fuel rod

using conventional methods in thermal design calculations of the fuel rod.

* On leave from KAWASAKI Heavy Industry Co., Ltd.
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e DR P OBEAOROE “eccentricity” (=w.s)
he BRI BRI EE (W o 0

hy : nominal ¥ ¢ v TERET HF ¢ v TEREER (W em? < C)
k DR Ly P DEYRERE (W em - C)

ke D ECREEE (W em 0

kg D ¥ THADOBEER (W em - C)

m © Buckling @E#, EL, m=10E&HE <L ., rO#BARLEERZHLT,
q” (t,8)  HE<Ly PEFEBRKRE (W em®)

" R, 8) : ALy P EGFEREARE (W om®)

Qav DR Loy bR EEREFERGE (W em?)

q” © heat generation rate (W. cm®)

Ie Dby b AL G I £ TR (om)

R DR Ly P AR (em)

Rei D EBOWFEE (em)

Reo D RBOANE (em)

s : nominal radial gap size (cm)

T (r, & &% O

Tw DR IRSEIKRE C)

u : Local radial gap size (cm)

W D F ey TPEEEE (cm), refer equ. (18).

z cz=w"(R+s)

o D WEEC Y AREAGERDFE, defined by equ. (30).
r, f ; cylindrical coordinates

vil
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Mt (ovality) DE LA BT 2HER €7 ERRS TV 2 5% L mXatsovality a”»ﬁ
SBEHRIC ST, ovality PMEEIBROEESHICSZ AU REEE LB 707 Ai)ﬁi’)é o
L l, il BEEOESHEROoTORELTITOATHELDT, {HEET0 75 4R
O—DOFEEFLEL THAEFNT T, HEOEFRROBENMICEIBE N, TOLE
DB DR ESTEEZ - 25D TREW,

BokEBEI OB, NAREIH L 3378 (freestanding type) ” ICHET SN 508, HE

g ) — 7 X D BIEIR DI ovality D3EIT L, #WEMS2L .y R Cf%ﬁi‘?“é CEMH DL, Hi
E#EEE (extended burnup) T2 D75 ovality QETHTFEINZ z°

T DML, RERL ., FOBERNORLE GSOEENEE Uik ) WF v v TS
FENCEAL T BREOBEIE T >0V T, v o P TESBMENICERT 5 E6E LREEARE
S ERE— L OB IC - 7o,
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D oy TERERSONT A -9 DERE, BRESNCEDL I BMRER > BE LI
He B30, BEBORIRNZCHEATRLEEASND, 1H, TeUFl% THES
RS EIIES R, ETHEEERE L CEERITO RO BFENEELSNSS, L IIKE
ViR O B A RERBFT O IBME (initial guess) & LTHEBTZ, FEERH

(computer consuming time) % KIBCENT 2 I &KL LEF LN S,
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stwcos (m#) TEREINDLHET S, T, sidnominal ¥+ v 7, wid¥ e 7T
DEHE T, |(w| =s THb, £/, e=w. s &7 5,

Ny PPLPGHEBENEE TOREL, e =R+t o Thbd, ChELA0CHA LERES 2,
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cOEMOEH G, 19 TEA LN S, FOEEELE CAINCE D o DIEEKD 5 &,
a:(R/kg){1n((R+s)/R)+In((1+«/ 1 2? >/2>}

+ (R/ket Y in (Reo /Ret ) + (R Reo /b ) 29
TH 5,
22T, FRiwgEind (R7kg) In ((R+s) R} idnominal F+ » 7IECEBFEF
vy TOBMEEROTHARLTED, 1 hy EEBATREEEZ LS, (R7kg) +In(( 1+
JT 22) /2) im0 Th, 2 QEANSNT EEERL AL ESTFO 12 =
1—22.72), 2, hg=kg s EFEZLTEI0ED, ald,

64 W

R
d::l/hg_ +— 1H(R00/Rci)+ R/Rcc/ hf BO)

dhy R+s ke
ELTEEOIEL 75 B, ERTe=0{(F+v v 7TES—HTH R0 & LTHIUERS
me, 17w id, ey P AmEFRERAEC L0, RECET ARIEARER L X
LT b, F1EEF2EDSH v o TERECEAT BT, B2ESY v » 7~THEOE(ICL D
EEFRL TS, BB, a EBEEONKADT, Fr v 7HEIT ST LI LD BEERN
LB EEEKRT 5,

BESHORNED S, o @F¥ v o TREEFLSATTFHOREERTEFR LT 5, X&)
X vy TRMEERCHATAIRSOAEREL, ERTNEFY + » TS T EPHEF v v 7H
EEESEOA,

hg
l1—ew,” 4 “(R+s)
E1 B, FEF v oy TEREROh, HSDEMASE, w, s<<RTHALEEEZL L, 8D
DTS WETH B, B2, v o P TFECEFIEMIEES VT, RAD LSBT NUD
B AH VS &, FEY v o 7EEERZ, nominal F v v TRAGEZERIEDLOHVENIE
RIS 5,

B1)

hg, av —
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Fuel pellet
Cladding
Coolant

~~oolant.

r/m

?
o Dimension
At Radius 7R Gap Size
JIE R ‘4 u=S+Wcos(mb)
/) | S+W
ZIE Rci ' g
e Reo . "1 Heat Transfer Coeff.
AL . hg
Uniform Heat Genergtion
% | . — h¢
% Density q™
L Thermal Conductivity
K
Kg
Z g4 kCl

Fig. 2.1 Schematic representaticn used in numerical calculations.
Right hand side is drawn as the buckled cladding of lobe
number of m=4.
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3. BOHANE B & R

EFEBMEETEL ONA¥ v v 7THOEHE, WEATONL .y FORLEEED
ovality TH b, £0 T, CILTRIDOT2OFHK DU TOHBETEEZITV, MEFETHE -7
WERMNTO~SL y F ORLBOEESHIC 0TI, i &5|A L Nijsing itk 28tfriid 5
DT, FTOHESREDOMEEITS 2,

3.1 #HEASL Y FORLD

Fig 31 RIHELERY y FBHBATROLCEDRBESN, BuREOBINE i,

E. Aranovitch, E. Labarre. J. Reynen it & B 4iTHREM S5 s CHAUICENT
RNmmgK;éﬁMﬁ@%ﬁﬁéﬂfwéa Nijsing O (2, MIEOEHE TH D, S
REEFECLSREN SRV, HAHETEERERNELTEA T3, TTTH, HOK
B DHBEHEL CoMEIC L 2 MADHE TS,

Nijsing i3, UO: & UCO _fEo#ENC &, 27y LAEIHEL 71 =T 288 OB
BAMHBECHERHL TS, IOEBHEEZ 7 v L 2EREOREEOAZEA L 7o, I
EEFEICHR L 28E3RDOEBEDTH S,

E Ly P REPERER . gl =11x10° (W m*)
PR
2Ly FPEEIR =60 (mm) =6 x107° (m)
WEMNEE: Re =60 (mm) =6 x107% (m)
WENAE: Roe=064 (mm) = 64X107° (m)
w B R E: t =04 (mm) =04x107° (m)
B L E: 0%
(AL OB~ L FHLORLCESEE we L TROE, leccentﬁcity e %
e =w/s TEHRTS
BB
UQe : k =35 (W m )
UC k=22 (W m «C)
ARFUUAEEE ka= 17 (W m+C)
BMmZER .
WEERBLEZE  hy = 10x10* (W m*+C)
oy THEER B, = 05x10° (W m’+°C)

Nijsing DFEMETE, Frov T HTEBSL Uy » PBCST N 20BMEEEFNELLY

Wi, Ty TTREEASE TOVAV, £/, nominal ¥ o PO ES G ICERNG

Wi, Ly FPERIEEEERZLETS, UL, COWEDFEMETEICE WV TE
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nominal ¢ v 7 s BLEF + » TRBICED B AR OMEBRK, * KB L 45, 2070
COFRETE nominal % s =01 mm (radial gap) (= 0.1 X107 m) &{FE L 7o L
Ly CQUTEDNLy FERDEERITOME G, ¥ vy 7RO U2 OBEERZ, aEEFE0 %
@ﬁ@K%M?%C&KL,ky:m-sﬁibﬁﬁﬁéﬁ%%ﬁb,kg:MNW/m-@)&
L7,

Nijsing i, F v v 7~ THEDERELT

u=s + wcos ()

FERAT S, CCT, uid¥ + o 7FH, s Bnominal e v FETH B, BOE 00 %50
T, w=09x10*m(=08xs) &7 3,

311 Rby FREOEREOEESTIC LT ‘
F oo PTEEROWLEA LT EDG, WERNT~L .Y PSR L fo & F DEE S TRERD
EEBLTHBLCH S, HENTOXL Y FROLAEGTm=1 & LT,

R
- - » » o 2z
T(r, 8)—Ty agav+_2k qav{l Cr/RJ}

-+

2R s (1)1 (27 (1+y 122 )
ke 5] I+jak/R
£ D, BH, LORCBEC Tz (=w/ (R+s)) DEANIV L &b, SROEDEE /)

SC{ULHTEEEEL, B—RELE TITENE,

(r /R cos(j@) 32

R
— _ » » _ 2
TCr, 8)—Ty« o:qav+—2k qav{l (r/R)}

+ —“22—- Eq';iv —1‘(1‘/R) cos 6
1+/1°2% k, i+ak R
ThHoho fofil, FEOHBD, B3¢ 3B TELLNLZED &4 5,

SEDOEIEEER LRIRIC L2 EESHEROLFERE Fig 3.2 (UO#EHE) &5 L7 Fig, 3.3
(UCHRHE) @R 1%, MhiCERODEVBEDEENE AL T S, ¢ OEE
AEDRRE, BEEREPL .y B0 SD LTRAT &, Rry N RRERECEAEN L C
ETH B,

UO: BItEDEE, WEVKIREABEICE > THOEBIZ1200°C, SEREEF v TOK

SVMETRTHI00°CTH 2, ROLLEBAORERER, ROOHBWESOEEEEH S
EHT L, TU4DE, F+ v 7OREVH (6=0) THSLC, NSV (0 =) TH180C
ThHd, LOEBRAIAROLGIEIFETRENLE DT, RLDVIGEDETERE( 348°C)
XL+ 169°CLIR TH 5,
- UCHHECREG, hLEE97C, BRSEENSI0CTSH), BEEERKS9CELY
28CTHE, COEBHBRELOAVIEEDRERE (H8°C) ioxt LK+ 92 CUANTH 3.
RoatH, RREFRLY, COBRE—RAUORBEFER L TLREAEELLEL,
COTEERBCEAR, @FOHETHETHE, AR EFHTHEF LI EE2RFLTL B,

Fig. 34 (UO: #iKHE) & XU Fig 3.5 (UCHENE) i Nijsing KX BEENGOHEEE %

83
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T WE, WERLOKY (v oy 7HOT—HKUREID BEOERES T L8 TR LT
AR

UO: BEHED S, BEHKREE KB & ThORE 3 1240C, REREE+F » v 70

REWVEICTNTHI0CTH S, ROLEVBESORGER R, RBLOTVIESOZEEE
LCEBT S, THbE, Feow TORSOM (6=0)THATOC, MEWl (4= z) TH 150
CTH 5.

UCHEREIHDIES, MEIKEE S BECE - TRL LUEWIEEO dulE B i34 480°C, i
B 30CTH B, RO LABE, BREERFr v 7ORSOEIRTATHNETICTS 5,
BOLAZBGEOERDRE R, RLOBVWESORMAEE,LEHT S, THb5, ¥4+ v 7OK
S0 (§=0) THIZRIC, h&W il (f=x) THA5CTH 5,

UO: #ME#BOREI 20T, ZORMEEBC LH7TE Fig 32 & Nijsing € L5531 EHFE Fig
3.4 & EMETH E, BBV FERCEY 3RS, REOEBEEEGEE, ThEni334C
(514—180), 320°C (470-150) THY, KSBHEERLT L, COMSEF O HikiC L A5HE
iE Nijsing CFERERNETVEEZLSN S,

UCHEHEDRE > T, Fig 3.3 & Fig 35 DHEBEFREZ UKL L, oSG L BT
E L Nijsing #8952 T35 BERCBHEESRSNS, BROBESFRDIETHE, IO
HECHEI LS Fig 33T, BOLALLEEDRFEEIPOHISTNT, 22 RLDITVE
CORBIRE (FNEE) £HE 50, Fig 35 KRN A Nijsing OFERIZ<L o -
BATRLLACECEDEES2ELLTELLD, adEsET 5 EE2RLTVES,
#2773, Nijsing DFERORE DL » FROSHOIRO A ICERE NS, £0oERE, Fig
33 LFERNBREMENBALARATRAL, TORKOERE, REOHELZE I TERNEF v+ v
TRILEROFMICH S T EEMASE 5,

RLODEVEEE, EOLHIBAHELEESLS L RPN THIDE2HETR L-TRIND
(#2770, a3 @I Te=0LL820N5H) ., 20T, ALK, HOEZHHL, HROD
HOIBSDBRESGEIETE L, HHSRTICRL TOLARENTE —H LAV, £,
Nijsing Ot BEROE—F v o 7~TECB T 221y F ZWARER, BIVKREL, S OREE
THY 340 °C (UO2, UCHREHEM), -~y bduliBEEE#) 1250°C (UO: KD, ME DS
480 °C {(UCHRED &7i-Tn b, L, ROFHOHELEHEL THHET L4, «=317Tx1071
(m?°C/ W) &710, <Ly FROEEE, HH8C, Ny b duLEER U0 B OHeH
1290°C, UCEAEIDIGEH 98°C LR SN EE oy, CoMEE, TR Eod, ik
Do HOBES kA ERETEBIAN 5/, Nijsing OFFEICIE, @ THI0TC,
b THI 40°C (UQ: L, #520°C (UCHHED BREREAZE(FBHL TV ELEEL RER SN
A

Fig. 3.6 43, UCHE =%, ZOWSICLAFHEETE ¢ v 7BZERE, hy @4 06X 10
(W, m?+°C) IS 7B EN M & Nijsing OFREFHELALLOTH L, ORI
DED—FHERLTWVWS, DT &6, B, Fv o 7R EOHMEERSE, OWMEOF
s Nijsing DAERAENIC —H LTV ELEE30E D, 46, U0 BEHEOHERKE, Fig
3.2 & Fig 3.4 #EMicHERIThE S LHC bt~z &3, IhEoRicsENTYL
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Do 7275, fIHREISHIED UCHEHRICHN UO, MEHR KRN WS EHE, #Mil~L
v P OBIRFELDOMOMECHE LT 5,

3.1.2 #EfdHiconT
WEATSL y FBRL LIS OB ~L .y, N RERFEES, RB2EH LTS, 8
%WT@&Vyﬁ@ﬁ@ﬁ®Tm:1&Lf,

" (1, 6)
A -2 (k) X
Jav
% Y EN T ARy
5 o1y 2T : cos (j8) a4
2 1+ ak R
THRDOEIND, XORB LEIRITE—IGEL E T &4,
q” (r, &) 2z . 1
A (kK
aiv © 1/ T-af lrak, R 0 %

LB,

Fig: 3.7 XBIIc L 2B~V F REBFECHEREE T, ChSoMEREEAEH
B THMEL 1 OS%2@ T3, DT &idcosd ICHLEROEDHE R I EA ST
DT, FETLBEARNBICELHE AU THATHBC EEARL TV 5,

KON L IMEAERRE2ETTAERODL DS, 39, HEBELOFESNT A —-5E15 5
ait, ABOLED,

a = 3159%10° % (m?+C/ W)
THb, HE~Ly N REOBFE,

UQz I,
, 0.1050059
q” (R, &) _q_ = 1 — 0.08867 cos 4
T 1+ 0184248
UCiZ2>¢,
. 0.6600371
(RO _ = 1 — 030584 cos ¢
Do 1+ 115813
LRI D,

ADEDFHCEIOLT, £HX(132) OBRIBKRESN T S, Ll E R Bfcte
LIcDAIEDT, RERDETIOEEDHIT 4TS, W, R(13a) kB L cos # it oW TE
TIEE Tl THMT5 &, TORERMER (k/ky) (w/ R) /{i+ak/R) TEhINE,
i, ABITz~w/ R, 1-2°~1THIIL4EZLE, BIERDOLTELHOM TS
Ly, £DfEIR, UOBAEIDEE 00886, UCHROER 031 THB, coc i, FiRokT
ROIBEEZN TN IBBLIVHNNEREDRELSD L4 E%T 5,

Fig 3.7 DEP T SHTRTHE R, UCHEEC >0 TR LA BK F T BESE4 T
o CORRE, LoNHCLERMROEN LOKELEBICEE, i, CORBRE, &£
B cosf WBLZMETTHALIEE, BRAHOHEC SV TR, BEEAGORSHS X
1, BREICHSICL B8 ) DEE SN L7080, RAENEREZ AT WT E4ARLTHE,

_14 —
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Fig. 3.8 i Nijsing it X 2K~ v b KEHORFMFEINRERLRT, Fig 3TOHEERLE
HEET 24, BESUO; DBESIREEAEENTTVWIENRLNEG, BB UCDIESE, <
D EDFPMHEIC L BEHE & Nijsing DI BERERCHLHOENE 5L, UCHH OB FKIT
B A EA LA ER Nijsing DR IOELDNZ 0, —F, AWEEH LCAREOITM
i3, EEOIEGATL &L 0D, ik Nijsing OFERID EFICRELEMEL - TS,

UCHEHECRMEIRNM AEA L &S RE LT0 A5 EE R, H30BEEOFMLES
S ldlitibEFEZSNDE, THhE, COHBEFOC UCHEEORBRTIK 20 TH, &
H(13a) ORILOEENLEL, TOERAENEA TS S, Lol abs, ABY, BHHEOHERE
B, M (13a) OFEY, WIVHRIBUTOLEEEL SN 5,

ok, HESEMAFELLIC M ST, UCHKEOE G, BlEO KREHELEE YRR, UC
DMZEENE UQ, WHE L REVAHTH D, BnBFTORE L UCHHE ERT 5 LEMUD
HMEMRBELL, BErid, AEEROCEMSNSRUOREEr I FZLER L2524
LT D,

B IBER (O A & 7L UCEE o firMic RBEA 4 5 &, RO REUELCEZTAT S, L
L, {RIC Nijsing OHBERHEESELNE TS &, BFUOBFSE L R PR SO
R L AWEFEHT L EEETIATNEEZ LN S,

3.1.3 EHFr o TBZERITHONT

COHEDHETIC LNEGE, T 208 TR~z H T, THEY » » TEERESE L, HBAT
Ly POBLESRH-TE, GEAEEMLEL, HiITLy P O—IEAEENTCER L
LTh, #0OFSE, 1L/ (1—ew 4,7 (R+s)) —1 TN, LOHBEICLEES 0
TAERE VBT TH B, FOFE, WEHATRL LAYy POEREREZRLOLEVEED
mE (Pl BEXIOE M5, Lirl, 4, Nijsing OFBERE, COHI31.111 Fig 35
(UCHRED w20 TRA LI ITmE <Ly b BN TR D LT LI OBESBERE LTELI
Y, BEEELETTECEARELTVA, oMM, FEE v FREERENEDRE L
FETAHETH B, RESFHCESARTEHRANE ¢ v THRERDOFMiCHAHDT, 0D
WEDHEDF v v 7ELIEL L Nijsing @ F + v 7TEEEROFMHED LLERA 51T,
Nijsing OBFEOHEEIZROE D THD. WiFFE v » 7 THRFEALT 545, BFRIAITEE
ALy MICRALELERE L, F ey TR ABEEEOLDPLEAT L ENET L. TO{HK
FOh &, TORSEORNCHIET 245 BESHOXDREDERE Liddniisan
BAFEAAE, 7770, Ehicsunl, By PPRLTS & L)Y + o TRARE
BOLEAE, ¥ oy 7 PECHFTLEEZ, FEFr v TRGEREERL, BEAOED
AT 5, L, HOMEROBRCEHBEAOMNAARORDKN &EA LD THILNE
M B, BEMOXPORE R, FRECHETIEFALEENCHRNTEZ oNS, T
Hht, TEOEEE nHE2U0GHHOBEAOmEITAT S, COEBR, REZRNEE L
nffoETFEIANE N D, ETHFEAEAE LR IOFREED D, ThE, F248T
Wt LRSI TH B,

Nijsing 3, ¥+ » 7ORCEBOTEELROIICERT S, Kid, T+ v 71T
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u=s+wcos § TELUS B, B8, e=w/ skd5, 0T HEICETLEEDOE .
TRRER hg ERDEICHGZ B, 7L, DERCOREEOHNEICBME 5,
ha = e = ! (a)
s +w cos 8 (s "kg) (1+e cosf)
kgs i3, nominal gap size sEEFEF+ » 7EREREHEL TL LD, hy ITE#
RBo RWT, WEHANTNLy FERL LI EED Py o 78S ER (average gap heat

transfer coefficient) ” %

h
gav :—f gi dé =ﬁ (b}
ELTEAT S T P v o TAGEER” 2HEH L, BROF r o FBUREES
N 1—e? :
h = hgay—r o (c)
gl 1+e cos @ -

& LTHEHT 2,

RS TEO FEIRE DBAGRRIT 1, Ladib) (o) RAEBA T2, BE Lo » OXEO * Fia
B BbIRICE D Ty THIEEE £ THET S,

Nijsing ZSEH& L7z PHEF v o TEEER " 1CERO LS SEEN 55, RbOL S " ¥
X ey TEMEER T AGA 5L, HOHEM L e =052 RALTL A%, ~L .o ik
REMT 2188 (e=1), "THF ¢ VHEE" BEEKLLS, ChEd, <L o b
CHEAT ARG, MEEBROE » o PERIC BT ABVEE ORISR L LT A L LA
BrEL, MOORHELFET L, COFBEEG 31027 LEELT 50 E bR THA
Vo FIAE, BT ERIGEELT OBEBOSBERITT 2729, HE G @, Nijsing D€ 7
EROESICEEL TS,

he (8, w) = {d)
1+

S m

EL, CHHYF e TRGERE £

1 2x
hgav = - he (8, w) d# (e)
g, 27': ‘L.‘ £

hg

MG

EF 5D, 2T, m=2x2m (B &9 5,

EFNE DL ITEIET UL v v 7TERER PRIBAICK S C & 3BT L,
R F vy TRRER T OEPREICBLCEEBT SNE V. AR, F oo TEEER,
Q" (R, 6) =hg AT, (AT, : ¥ v 72SUHHABDEEE) OMEXLLHRE 345D T,
B, BESHELSALNHRROD TEEFr » TEE 'ﬂ“ﬁ?&%‘i@ﬁﬂ&f%ﬂﬁﬁmﬁ%
T, BERTACELEORFROSEIMHE L, ERMic(b) (o)t FEd 27 &3 Y
HAERNTN 3B
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MEEOESERERICE D TREEO KRB ST L 0HBATRL Yy PBELT L0 &
Foie T E LS, BAFEREROE S, Re )| TEHE o TEEFEEAEZ T nominald +
v TRMZEROD S FRECIE B, COX DT EEF v v TEEER” BRI £ OETHL
BEVENORER, RESUEBEZEITEELQEFROHML, L LS, RBECREEAIH
Mﬂ$W®MErFi@ﬁPT%© TOVEF v o TEEERCRETEMDG B L EETEZDL
o,

Nijsing i, FHEFr v 7REEEELLDLHOCERE T LY, TORTELTEEROMITIZ
FEEELTV S, 3L, ROLHIEBRAEIT - TRAUID B,

Ty oy TERERNSA DI TEZLN 720, 03 nominal £y » F~fECET S
Fory TEEERDI 23 (~1/T-09X09) CAB, CDEF a= 20355104 (m?*°C W)
MELLBI LG, BNV P REFEHEZEE2 KRB L&, 24 CTH B, Ch%E UOHRE
DHEGOEESTF Fig 34TRNTH &, TORER, 6= (Fvy 7OBOED) OB ~L .
MREECHBELEE LD, COEEZRLICELT L0 0, BESMRSELLTE- &
BT LR ugit s,

UQ: BELDIES, Nijsing DEKEH ZFig 38 itRA3LEHiIC0 =22 TEDHBIREAE
1THAB, TDTEE, BRE BESHLES cos AL AUPKETITET LR T
b, ChEDO =122 DEEE <L b REIRE L iaA&Fm34®iﬁ@W®¢%ﬁ #
3107C (= (150+470) 72) TEHAE L 52V, £, 6 =z 2 TOFEHIL, 1T THE
ﬁﬁmﬁéu%ﬁﬁa,Tm,mﬂ)—Tw=a%v;mﬂzn/2®¥+v7@&%$%ﬁﬁ
LTHBE a=2818x10" (m*C /W) 5, hg= 06x10* (W m"C) TR N S
Ve, COfEE, FHERRETSECRETAE v o TEREFELOT, "VHF e TREER T
fEXd A, Libl, oAtk 23xh, EN/hE, —%, Nijsing 55274 +
TEEEERDE FDR e, =g 200+ v o PEEEFE, nominal ¥ o 7T
KB AF vy TRCERLLE, 3H5b5, =2/ 20D F v o FEEERIFENCE
Z 1205 x10* (m? «°C /W) THHAERE S0,

TDEHIT U BEBDHEREENLCHEI =z 2 0BOF v v TEZERLTHT LHKRITS
L&, TOMIEFTFEE v o TEEERTH Z-E72H, Nijsing MG A7 LHF + v 78EE
e = LB, £/, AE =z 2€BTAF+ v TELERCEIZ, nominal Fv o 7
NECBG L X p oy TREERC & B IS, chied —HLE v, #i, FIK31L1IE
THM L e LD (Fig 3.68H), TOMEDFETF v TREEELEE 06X 104 (W, /m?* TC)
ELb o, Nijsing DFFEERICEL BT 5, ZOLHLBE A4 L5 BIE, Nijsing
DRI BT, RESMOREEED 5 FEARNCTEALZ bEA THIENTHO TW5 T
cinbEEsSNSL, L, ZhEl EOFENDBIEEERTODIC 27 SN TAEET
& B

CNSDEITHESABEL TEASE, Nijsing DHECRINETAIFEESATEDIEL

EREZ SNV, F240 5, Nijsing OR(DITEZ oSN A " I v o TEZER” FHHFOD
AERRCE VTR » » TEGEEE R LTV, o, FEERIHESRES LTEA
FoF v o TRMLER THENEEHT, S24EL0EVF+ v 7ECERTHEIATV A
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HEHED S Do FERELT, Nijsing OROBOREBE, BE~<U .y FOROIC L 5EEK
TERBACEHBE G > TWLEEIBF LML,

COMED SiEE Nijsing DEEEBAMITEL TH 5, BESINUREE T 21841
DOHA(13a) KL GRHDRIOTELEB L 12705, BIEERLZR (T 4o 7HLSER
DA EZL) WL THE, CORMFEEIDPHYLCHTIT 2, BEBOREI O~ L LT
Thh SR EFH I, BERBRODLENHTRE L CiHBEsh 2, Linl, #HEHN TRk ~L .,
POREHEDORLICH L RELLNT, KFEDORLLTVAET EG T TESAS, L
LI 6, LERRE (R LB AT ER R E, BB A BRS TE BB R
~BLTVS, COTEW, Fooy TRMRERIZBEACEL LBV EFERLTOL S, 6L,
Nijsing © FROISICRLIC LD £ v o TEREEHSAE 5B 508, OO R TO
BHTEARIREIC R B & EZ O A,

32 ERMIARKVT 4 —ELDOBEENER

I Covality) & OB OMEREL S SICEROME (buckling) % & - B OMEE
K20 TORESHPREREL, BOOEUXO L TREOER mh R4 4751 Chbaa, B
BN HEOEARMRIEREIL TH 5. T T TEHHBIC ovality 262 BWR & 1 7Bk 4 51
P& L ClET 3,

Al UO KL Y unod 2WETH L, ZOMEHEDHRZS Table 3.1 KT,
CHEDBERBIC >0 TEF0X v 7~Fiki,

u (radial gap) =s+wcos (26 )
THR T S HRCHERF v » 7772 BEEE Kk, (2, nominal ¥+ 7 Jikitsit 5 Rod

Iwﬁkyfﬁﬁﬁghgi@&:hysTﬁ%tﬁ&&%(WﬁﬁﬂD@ﬁ%ﬁﬁK@mT5
A T o

3.2.1 WESHIC>WT

WED ovality T2 Lic & &, BEBOEESHE, R0 H 203K Tm=2 & LTEH
EN, HUXSSEONTL AERE, REEESBE <Ly rOhLTaE, F0ORENE
IRBHTHORBEDORTRERE THD, 2770, ovality CEDF v o 7ECERHNE IS &
TEEL, mEIRENE NS S CEBTEING, FHEHI TR L9 IC UOMEHE OEEIZ >0 T,
R ITL HFEMBELTEEZEZ N EDT, KRN L THET 5,

Fig 3.9 8 XU Fig 310 25 EFlICH Fif /- Rod 1, 2021 L 23 BEEERL TE, 118,
R GE TR LRE R, B R Tl oB SR E M0 R TE B,
ZRFED, REREODLERER, #SEBOBELRLASEL LV DS 3, Kl
WA 1 CREDEBVITRE L,

Ovality Z& U7t BBEBADORESHORE RS TV EE I & TH B, 20 —F)
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Table 3.1

used in numerical calculations

Specification of BWR type fuel rods

Specification Red 1 Rod 2
Average heat flux
at fuel pellet surface : W/m? 7.5x10% 1.35x106
Fuel rod LHGR W/cm (~250) (~450)
Coolant temperature °C 288 288
Geometrical dimension
Pellet diameter : mm | 10.60 10,60
Clad inner diameter mm nominal 10,82 | nominal 10.82
Quter diameter L nominal 12.56 | nominal 12.56
Thickness mim 0.87 .87
Gap size (radial) um
Nominal gap size s 110
Gap size variation w 110
Thermal conductivity ! W/m-°C
U0; pellet 2.59
Zircaloy-2 13
Heat transfer coefficient : WmZe°g
at fuel rod surface 5.67x104 5.67x10%
at nominal gap 5.67x103 0.85x 104
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u= S+ Wcos6
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Fig. 3.1 Schematic illustration of eccentrically located fuel
pellet in cladding.



JAERI-M 89-199

1500 T ' — T

(°C)

1000

500

Temperature T(r,6)-Ty

180~

Radius (r/R)

Fig. 3.2 The effect of fuel pellet eccentricity (e=0.9) on the
radial UO, fuel temperature distribution calculated by
equ. (32) in the 7-0 plane with 6=0 at the right hand
side. The dashed line indicates temperature distribu-
tion with peripheral uniform gap size.
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256

Radius (r/R)

The effect of fuel pellet eccentricity (e=0.9) on the

radial UC fuel temperature distribution calculated by

equ, (32) in the 7-0 plane with §=0 at the right hand

side, The dashed line indicates temperature distribu-
tion with peripheral uniform gap size.
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Fig. 3.4 The effect of fuel pellet eccentricity (e=0.9) on the
radial UQ, fuel temperature distribution in the -0
plane with 6=0 at the right hand side (from ref. 2).
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Fig. 3.5 The effect of fuel pellet eccentricity (e=0.9) on the
radial UC fuel temperature distribution in the w-0
plané with 6=0 at the right hand side (from ref. 2).
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The present work

/
/
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Comparison of UC fuel pellet temperature distribution
calculated by Nijsing with the present work assumed

the average gap heat transfer coefficient of hg=0.b><lOL+
(W/m2-°C),
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Fig. 3.7 Peripheral variation of heat flux at the fuel pellet
surface. The solid lines represent heat flux distri-
bution estimated by equ. (34). The dashed line
indicates heat flux distribution for UC fuel estimated
by equ. (28}.
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372
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The effect of cladding ovality on radial fuel pellet
temperature distribution in the 7/2-0 plane with 8=0
at the right hand side for Rod 1 listed in table 3.1l.
The dashed line indicates temperature distribution
with uniform peripheral gap size.
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Fig. 3,10 The effect of cladding ovality on radial fuel pellet
temperature distribution in the n/2-0 plane with 6=0
at the right hand side for Rod 2 listed in table 3.1.
The dashed line indicates temperature distribution
with uniform peripheral gap size.
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Fig. 3.12 Heat flux distribution of Rod 1 and Rod 2 at the pellet
surface for cladding with ovality.
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