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Effects of Initial'Gap Width on the Fuel Failure Behavior
under a RIA Condition (1)
( Initial Gap Width Parameter Tests in the NSRR Experiments)

Shinzo SAITO, Kiyomi ISHIJIMA, Sadamitsu TANZAWA, Shusaku SHTOZAWA,
and Nobuaki ONISHI |
| Division of Reactor Safety
Tokai Research Establishment, JAERT
{ Received January 18; 1979 )

This report describes the results of initial gap width parameter tests which are
one of the parameter tests in the NSRR experiments. The objective of the tests is
to investigate the effect of gap heat transfer caused by varying initial gap width
on the fuel failure behavior under a RIA condition, Three different types of fuel
rod whose initial gap widthes are 0.195mm,0.095mm, and 0.050mm, respectively ,
were used in the tests.

The following conclusions can be derived through the tests,

(1) The gap width has significant influences on the onset of DNB( Departure from
Nucleate Boiling ). The threshold energy depositions for the onset of DNB are
about 180 cal/g.U0y for the fuel rod with initial gap width of 0.195mm, about 140
cal/g.U0y for 0.095mm and about 110 cal/g.U0, for 0,050mm. These threshold energy
depositions seem to be almost equal to the energy depositions at which the fuel
pellet comes in contact with cladding tube due to the thermal expansion and/or
cracks of pellet.

{(2) The maximum cladding surface temperature does not depend so much on the
intial gap width at the energy deposition of 200 cal/g.UO2 or more. At the energy
deposition of more than 200 cal/g.UOz, the heat transfer mode on the cladding
surface becomes mainly film boiling heat tramsfer for all the cases of three
different initial gap widthes, and its heat transfer coefficient considerably
small. Therefore, it is supposed that the cladding surface temperature is not so
mich controlled by the gap heat transfer but strongly by the heat transfer on
the cladding surface.

(3) The threshold energy deposition for fuel failure has tendency to increase
with the increase of the initial gap width. However, it 1s not so much signifi-~
cant, and the deviation of the threshold energy depeosition for fuel failure from
that of about 260 cal/g.U0, for the standard gapped fuel rod with the initial



gap width of 0.095mm is within 10 cal/g.,U0, for the wide and narrow gapped fuel

rods. Any difference is not observed in the fuel failure mechanism for these

different types of fuel rod.

Keywords: Reactivity Initiated Accident, NSRR Reactor, Departure from Nucleate
Boiling, Failure Threshold, Failure Mechanism, Energy Deposition,

Cladding Surface Temperature, Heat Transfer, Deformation of Cladding
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Fig. 2.1

Standard operating core configuration
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Energy Deposition

i Test Ne. ) o . } (eal /g -UD;)
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232-8 193
’ 232-7 227
; | 232-2 235
; 232-3 260 |
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232-5 325

Fig. 31 Appearance of the Wide-gapped Fuel Rods
Irradiated at Various Energy Depositions
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Energy Peposition
(cal g-U0Oy )

Test No

232-12 119
232-16 217
232-14 236
232-15 262

Fig. 32 Appearance of the Narrow-gapped Fuel Hods
Irradiated at Various Energy Depositions
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Fig. 417 Average and Maximum Diametral Strains as a

Function of Energy Deposition
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uo, Solid Phase

K,0% exp (6.7T) K.E
= 15496 1 2K, " 1D ~E,/RT
C, 1549 [T"‘ [exp(ﬁ/r)—132+ K, T+ 252 exp (—Ep )}

uo, Ligquid Phase

C, = 502985 J/kg—K

C, = specific heat capacity (J/kg—K) @ =535285(K)

K,=19145(cal mol~K) Ep=376946(cal/mol)
K, =78473X10 % (cal/mol —K*) T=temperature (K)
K, = 56437 X10° (cal/mol) R=1987(cal/mol —K)

Fig. A— 1 U0, specific heat capacit.)(r&,
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