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Co-planar Deformation and Thermal Propagation Behavior in

a Bundle Burst Test

Hiroshi UETSUKA, Yasuo KOIZUMI and Satoru KAWASAKI
Division of Reactor Safety, Tokai Research

Establishment, JAERI
(Received June 28, 1980)

The probalility of the suggested feedback mechanism which could

lead to co-planar deformation in a bundle burst test was assessed

by the data of test and the calculation based on simplified model.

Following four points were evaluated.

(1) The probability of local deformation during early heat up stage.

(2} The relation between the characteristic of heater and the
feedback mechanism.

(3) Thermal propagation behavior between two adjacent rods during
heat up stage.

(4) The propagation of ballooning in a bundle.

The probability of suggested feedback mechanism was denied in

all the evaluation. The feedback mechanism suggested by Burman

could not be a controlling mechanism in co:planar deformation

in a bundle burst test.

Keywords: LOCA, Channel Blockage, Cladding Deformation, Ballooning,
Co-planar Deformation, Bundle Burst, Feedback Mechanism,

Thermal Propagation
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BTHY, c—F -DEEHACHELABERLE-EHLTVS, ->T, -4 -0OHE I
ANEBEOBE LA IR TAZTOBMAEDLULELEP~1O0VEETES 2,

BEREEHOREZBEHIC DO THITSNERT — 20800 EMLLETVIILS
HEL LT T2, MTHKFT L2208 EE (Rod A, Rod B)Y 25445, €14
SEETEBIOETH - HBRTHEEZETEH, L, LTFTOLINBEELE,

1) BElt=00D,% Rod AbRod BOBBEEE I T, THEBDTORES I EET A

HEREE—HTHD,

2 Rod ACBEHEHT»OT (MEEGTT—8K) KREOILIZEAT S,

3) Rod A5 Rod BNOBRIZZERWEH 2L 5,

4 fEEFxh/#dRod BOFEBHOSH IR NS, X, HEFORESTHAIEMET L,

MEETFneBREELEREFLAGOTHD, COLINBEFIZESETVTHE

SN AEFLRod BORELFAELZEZERIOFCRRE TV S,

Rod BO#HB 0EEBZLIXROKXEG TEDLIN 5,

pezme 1 L Ginom) 2na )
2 dt
o Tty —4 OBEE 6550 ks, mi
¢ dry —4 DH# 0.08 kcal /kgK
J: BB OB 0.00062 m
ro HWHEOAEE 000474 m
T, ! T DNER 0.00536 m
a : FHACER 0.00843 kcal /nfsK

A0~ A BHE
ARErBEST A2 LILLT

T-Ti— (Ti—=To) exp (—ft) ®
p(‘,d (T] +I'2)
C_CT, A= — —63550
2a e

ABRR LN S,
EHAEFFARLTOHE»CRDEN S,
Z#EQIE

Q=¢+S-F-488 {(14%55)*— (E—%Hj)‘] (0
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Q: EME kcal /h
e :lEEE e =10 &R
S : ZEHE of
F:REERE
488 : Stefan—Boltzmann kcal /ofh (100K)*
T:& E K

Q-¢+S-F-488 (7hg)* (Ti—To) (T + BTt BT+ )
=T, 7TH3HEE
Q=S F-488 (;g5 4 L (T—To)

FEDOTIENTE B,

PE->CHMNERS O OBMEE g

Q 4 x 488

qi"=——‘—4"F'T13(T|"Tu) (8
3 100
s 0,
(;lia (Ti"“To) (9)
T,

#), O oEEARERAL

_ 4 xX 488
a=—F - TF a0
100!

LB, X, CoBEORERE PG

F = [ﬁ/xz—l-i-sin"(%(-) —x] (11)

A=

TH B,
oT, F=0126,
T~T,=800°C (107 3K) &4%&, #BR0LY

@ =304 kcal ofhK
0.00843 kcal /' ofsK

i

28D,
CORBREROIRAT S L
A=363 (sec)
T=T—- (Hh~—T) EXP(_S—;:;‘T) T

mgf,mMA¢%dB@mmﬁEn%300b,RmAﬁﬁﬁaﬂgm(s4ob)u¢
B LT s Rod BOEE LROBMELIROR A2 TEDEAE,

T==840—40exp(—§%§t) 12)
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I8t (12) THHE L7 Rod BOBRE LR OMMELERT, COBEBIBRKEDR
EBILL-TEHE LD THELH Bod BORE LFERAEEBELIOECAE -TOA0Y
b5 T, 10 CERTALHICEI OBLETELZI LR, ,

MEDCEENPL, -4 -REOLAMVHEEORE LACEEL, HBEEORE LR
WEETA2ICEARED O (~%108) PBEBETHLZEEZO1DE, X, T~TOHE
BIIZBRIAICHEILLEVHEZE T 45,

foT, 74 —FNwd A AZXLELoTEGRBHER CEEANICE—-FmEFE
AHBPTLILEEBTHE S,

3.3 ESHEBEERBCBIIENERRE

N7 9 lVEGERBEREROBRODT, 4 9RDEBBEEIC VL TEHAE LT TH
CHESKRBEACHEST S I TORMLBBOBRRERM A9 ICRY, X, 7 -2 1&H
BEEEOCESHEEIIEBY AEINEDIIT T,

COESZUERT LS ILNISoTHUBOENELEVNEZRT S0hreRHE T2 EMTSE
%,

SITHONIILALLDILHEBOBNERESBTIAORAEEML A -7 TRERERE HiEEH
ENNETHELEELONSG, WoT, MI9PDMaximum pressure time (K&K,
BhEFMEBETELI EZEATRE,, BEBRORBNEREMEZ IR SHAENTITHE
56~7 0BEMSTEHED, FOEHMEI60~64BOMAPBICEDPLTCE, WHEOE
HEFd~Twedherd Tro8 0 ~88HDHMEHBCEFLT S, HECENEE
CHAEBEHmAERPOT —F LWL ERHTELE L 1 AOBRBEOBNEREHBHOBE
BAER2CEZRELTO(CEDEEROCET I ENTEL,

T, 1 KOBEEORTEENG &£ L0, TNIHEEBOEE~LD2UMNLHT &
=& oTco—planar deformation LB ETET 4 —FNwd « - XAEES
BHHERCSVTBABSLUCHRE S I MOLENE CBERNICEDMT 28R &35 M
BDOWNA D=L LT HAB,

4. %% i

EAGEEER THE SN AN —FEEEEHR, ALBENELUCBRAESBMT A OLENE
WECER T 2EHEMNEEBEEARLE -4 ~OFBKE S T4 —-F"» 7 - A H =X 4
L oTHE LTS D LI Westinghoused @D, L. Burman EDLELE L,
ETFTo4aRE>0TRFLEZDAEREEZEE L,

1) PIBARBERICSTLI2RTEER O

2 b - DOEUIPEERRRCEBITIET 4 — Ny 7« F =X LIICHEUT D TTHEY

B8 FEBEECEFIIHERANEHOREZREES

4) BESURBRERISILIENERELE

—8—
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B (12) THHE L7 Rod BORE IR ONEELETRT., COEREIHBEREDOR
FILLoTEHBELIZEOTHS 0D Rod BORE FAEFEAEFELOFE(CAE TS Y
BhhHeT, 10 CERTANDICEIOBRLETEL I Lhnb ,

HEroEZEPL, e -F - BEOLAVPEBEEORE LHCEEL, HBMEEORE LR

WEETZICEARDORE (~%108) MBEETHLZEEFZZONE, X, TTOHRH
BB T A2ICHELEVREZE T 4,

WoT, 74 —FNw 7 A AZXLl Lo TECRBHRER CEESANICE -FmER
TSI BB TE S,

14 ESHEBEEBCLBIIBENERERE

N7 91 0BESCEBREROBERERCOPT, 4 9ARKADERBEEC 2O TEHAE T Th
SHESRBEACHEST SIS TOBRRLERBORBER TN IIIRT, X, 7 -2 1EE
HENEDCESBRIIBT ZEMNEDIIRT,

CHOEICEBRBTE LS STHBEOENEENER T 2GR T TS IEDNTE
%

I THONILLALIDILHBOBNERESBILAORAERML A -7 TREE M HE&H
ENNKBETHELEZEELONS, oT, 9FDOMaximum pressure time (&AM,
BNEFHMEBETHILIEZEATRE,, BEBROBNERE NI IQOEAEHDENTITHE
56~70H%M5THED, 20FEHE60~64HOMAPRCER LT EZ, WEOE
HEAd ~Tedhserd Tr o8 0~88SHOMEHB/IEFLT S, HECENER
BB ANITOFT R LT ERTELL L, 1 XOBHBEOBNWEENFHOBE
Bl rlmBELIOBALECR BT I ENTER D,

T, 1RAOBREEORKNENR M & L0 0, ZhAVSBEBOLEENLOUMNL T E
W& o>Tco—planar deformation LA ETET 4 —FNy d Ao ZXAEES
FHHEEBRCLEVTIENBLUHESESWINOLENE CEMRICERT 2HR EACHE
BODHLGA D=L LTHED,

4. A% i

EARBHRER TEESNAN -FHEEER, A LBEN KL UBEISBMFADEENE
WHICET T 2HENERBEEABRE -2 —OFHICE ST 41— FYw J v A =X 4
Lo TELZ2ARESENDH S E I Westinghouse @D, L. Burman RO FERCTT L,
P DA R0 TR LEDIERESTE L7,

1 MHBAARERERCEITLIRTER O

2 b —F —OBEHNESEREBRICET L7 4 —F/N ol « A A2 X AICHKT AESE

B FHAEECEIIBEAREBEEHOEELELT

) ESHBEREBIIBIIENERELE

—8—
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D~@) %8s ListE, 200Fh e Burman KOZTEABFET 36D TH - 12,
HoT, EEAREAB L -2 -OBROLDCHBEORBERNE L, TANBEED
BNERABRT LI T7 4= FN w7« 2 =Xt EQRBRER TEHES N LA~
EHEFREALRT A2 A A=A TRETVEERTE S,

3 5

EEBICERTABRAC DO TEBREZ4E 1 HAE, RILFEHER O SEHE R XS T L
7o, T LTRHFpOCOELZE LET,
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Appendix
Estimation of thermal propagation behavior

between two adjacent rods

Heat transfer between two adjacent rods was calculated
based on simplified radiation model.
Two infinite rods run parallel with each other in the
space. These have same configuration with outer dia-
meter D and 8§ of a sheath thickness.
Initially each rod has uniform temperature distribution T,.
The temperature of rod A is assumed to uniformly rise
from Ty to T; instantaneously. Following model is con-
sidered as resulting in the firstest temperature variation
of the sheath of rod B.
Assumptions: (see Fig.7}
Heat transfer from rod A to rod B is undertaken
through radiation. Transfered heat is absorbed
in only the sheath of rod B and the temperature
distribution in the sheath i1s neglected.
The temperature variation of the sheath of rod B is

expressed as ;

pc2ms rl; rz%%=&(T1— T)27Tr, (1)
density of Zry-4 6550kg/m?

specific heat of Zry-4 0.08kcal/kg-K

§: thickness of sheath 0.00062m
r1: inner radius 0.00474m
T,: outer radius 0.00536m
a: equivalent heat 0.00843kcal/m%s.X

transfer coefficient

It is integrated to

T = Ti-(Ti-To)exp(-=- t) (2)
where A = pc(r,+r1; )&
20T,

Using physical properties,dimensions of the sheath, and
putting the temperature T, and T, at 800°C and 840°C,
respectively,equation(2) becomes

t
T = 840 - -t 3
40 40exp( 363 ); . (3)

This result is presented in Fig.8
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It takes 10 seconds to rise 10°C. Equation (3} gives shorter
time than that in the actual case because of the conservative

assumptions. _
In the calculation, convection and conduction heat transfer of
steam flow 1s not taken into account. So, in the_actual case,

it might take more time for the surface temperature of the neigh-
bor rod to rise to effective degree.

* % * * * *

Calculation of o ( equivalent heat transfer coefficient)

Heat transfer rate, Q is expressed as ;

Q= e-S-F-4.88 [( Tiy' Lo )j (4)
: 100 100 .
Q heat transfer rate kcal/h
£ emissivity (assumed €=1.,0)
S : surface area m?
F : configuration factor
4.88: Stefan-Boltzmann constant kcal/m3h.100°
T :'temperature X
0 =e-S-F.4.88 (I%a)“(Tl-To)(TT+TTTO+T1T§+T§)

If T =T,

3
Q = S-F-4.88 (i%ﬁg“4T1(T1-To)

Heat transfer rate per unit area,q is expressed as;

- Qo Ax4.88 ¢ p3iqp 7 5
q = 3= 88 prdiriiry) (5)
q = a(T1-Ts) i (6)

Configuration factor,F is expressed as;

F .iiyx2~1 + siil(—%—) - x} ' (7)

T

where, x = 1+ S = 1,334

2r

F 0.126

From (5),(6),(7), putting the temperature T, at 800°C(1073K),

(initial temperature T:;= T, at t=0)

30.4 kcal/m?h-X
0.00843 kcal/m2s-K

a
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—— (A) (B)

The side views of a fuel bundle burst and cut verti-
cally. (B) is the reverse side of (A).
Ballooning and burst concentrates on the relatively

short axial extent.
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Cladding Surface Temperature (°C)
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Fig.4

Assembly No.7310

Internal Pressure (kg/cm?)

Rod No. D-4
B 29589
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q62
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Full power on
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Cladding Surface
- Temperature
o (at T.C.2)
1 o 454
B Full power on
452
—150
Power off
o
I L 1 L 1 | L L 1 1 |
4] 50 100
Time after full power on in seconds
Cladding surface temperature and internal pressure variations
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Fig. 5 Ultimate tensile strength of zircaloy—-4 as

a function of deformation temperature
Assembly No.7510

- - — L
B 20 20

- 16 |~ 16

- ey 12 o 12 B

- - j -—(r-‘

- rw 8 8 I ]

Ll 11 0 L1 | 0 11 [T : L4
56 60 64 68 80 84 88 14 18 22 26 3C
Maximum pressure time (sec.) Burst time (sec.) Time interval from max. press.

(time after full power on) (time after full power on) to burst (sec.)

Fig. 6 Distributions of maximum pressure time, burst time and
time interval from maximum pressure to burst
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Fig.8 Temperature rise curve of the nearest neighbor rod
(rod B) as a function of time

Assembly No.7910

1 2 3 4 5 6
A 60 60 64 64
82 ) 8y / 86 86
g (66 60 \/ 60 56 \/ 64
86 86 J\ 84 8 /\ 86
60 58 \{ 62 64 \{ 68 58
84 86 88 /\ 88 86 86
D 60 60 \{ 68 70 \{ 60 66 66
86 34 J\ 88 /\ 86 88 J\ 86 36
60 60 \/ 62 58 \/ 56
86 86 88 88 J\ 86
F 58 60 62 64 62
84 /\ 86 86 86 86
G 58 68 58 56
g4 J\ 82 J\ 84 30

60 Maximum pressure time
80 Burst time

Fig.9 Maximum pressure time and burst time after full power on
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