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Effect of Fuel Assembly Configuration and Fuel Rod Configuration on
Thermal-hydraulic Behavior in Core during Reflood Phase of PWR-LOCA

Akira OHNUKI, Hajime AKIMOTO, Tadashi IGUCHI and Yoshio MURAO

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 28, 1994)

We have investigated the thermal-hydraulic behavior in core during the reflood
phase of PWR-LOCA with a 15X 15 type simulated fuel assembly. The fuel rod
configuration (cladding material and existence of gap between fuel pellet and cladding)
is different between an actual fuel rod and the simulated one. In PWR which 1s
operated currently, a 17X17 type fuel assembly is also used in place of the 156X15
type one. The fuel assembly configuration (rod bundle configuration {(fuel rod
diameter and pitch) and grid spacer type (grid spacer configuration and interval
between spacers) ) is different between the assemblies. In order to evaluate the
applicability of the results from 15X15 type simulated fuel assemblies to an actual
reactor analysis, it is necessary to make clear the effect of the fuel assembly
configuration and the fuel rod configuration. In this study, experiments using small
scale refiood test facility were carried out by changing the rod bundle configuration,
the grid spacer type and the fuel rod configuration systematically. The effect of
each parameter on the core thermal-hydraulics was examined by comparing the
experimental data and by using analytical results with REFLA ~TRAC code which
is applicable to the 15X15 type fuel assembly. The following conclusions were derived
from this study :

(1) As for the rod bundle configuration, the heat tranmsfer and the void fraction
models in REFLA/TRAC can predict the thermal-hydraulics in the 17XI1T type
fuel assembly within the same error band as for the 15X15 type one and no
qualitative differences on the core thermal-hydraulics are recognized between the

iwo assemblies,
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(2) As for the grid spacer type, no significant effects are recognized for the peak
clad temperature. The heat transfer and the void fraction models in REFLA
TRAC are applicable regardless of the grid spacer type. Although quench velocity
model slightly overestimates the guench velocity in the case of grid spacer type
of 17x17 type fuel assembly under a low flooding velocity, the difference of the
quench velocity between the grid spacer types does not affect the peak clad
temperature and the core thermal-hydraulics can be predicted by REFLA/TRAC
with good accuracy regardless of the grid spacer type.

(3) As for the fuel rod configuration, the effect of the gap is small and the
cladding material has a dominant effect. The guench velocity in an actual fuel
assembly (Zircaloy cladding) is higher than that in a simulated fuel assembly
(Tnconel cladding) due to the difference of heat capacity of the cladding. The
REFLATRAC code is almost able to predict the effect of difference of the fuel
rod configuration.

From these conclusions, it is considered that the core thermal-hydraulics in an
actual reactor is basically the same as those in the 15X15 type simulated fusl
assemblies. Therefore, we consider that the results from the 15X15 type simulated

fuel assemblies can apply to the evaluation of safety analyses for actual PWRs.

Keywords: Reactor Safety, PWR Type Reactors, Loss-of-coolant, Reflood, Fuel
Assemblies, Grid Spacer, Fuel Rod, Film Boilimg, Void Fracticn, Quench
Velocity
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11 15X15EI & 17X ITRREIESE & 0EY (1) kU
AR & SEkElE L oW ((2)

(1) Item 15x15 type 17x17 type
Rod bundle configuration  Rod diameter 10.7 mm’ 9.5 mm’
Pitch 143 mm’ 12.6 mm’
Grid spacer configuration Mixing vane Without vane With vane
and interval Interval ~670 mm’ ~450 mm’

* Dimensions are based on a Westinghouse type PWR.

(2) Item Simulated rod”  Actual rod

Rod configuration Gap between fuel pellet ~ Without gap With gap
and cladding

Cladding material Inconel etc. Zircaloy

* Used in CCTF and SCTF
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Experimental parameter Value
Core inlet flooding velocity, V., (cm/s) 1. 5, 2% 4, 8
Upper plenum pressure, P (§Pa) 0. 17, 0. 22% 0. 32
Linear peak power, P, (k¥/m) 1. 0, 1. 37
[nitial peak cladding temperature, T,  (K) 900% 1030
Core inlet fluid temperature, T, (KO 365, 373% 387
Initial flow housing temperature, T,  (K) 385, 393%, 407

* Base Case condition
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