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The Effect of a Rod Bundle Mixing Vane on the Critical Heat Flux
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Abstract

The critical heat flux(CHF) was investigated by using a bundle composed of 25 rods as a test
model of a PWR fuel assembly. Tests were performed in the loop with a vertically upward
two-phase flow using freon-12 as a working fluid to evaluate the effect of the spacer grid mixing
vane on CHF. Two diffrent types of spacer grids were used ; one with mixing vanes, and the other
without mixing vanes. The effects of mixing, vanes on CHF were identified in consideration of
different flow conditions such as inlet subcooling, mass flux, and pressure. As results, it was found
that the effect of mixing vanes on CHF difference(difference in CHF between the cases with and
without mixing vanes) was significant with increasing the mass flux, and that it was dependent
on the different flow regimes. In order to identify the effect of the mixing vanes on the CHF
according to the different flow regimes, the experimental conditions were plotted on the flow
pattern map. From the mapping, it was noted that the mixing vanes show different effects on the

critical heat flux from one flow regime to another.
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Table 1 Dimensions of test section and test tube

bundle

[tems Dimension(mm)
No. of tubes 25
Heating length 3650
Tube outside diameter 9.50
Tube inside diameter

Outer 16 tubes 7.00

-Inner 9 Tubes 6.00
Gap distance between tubes 3.10
Gap distance between tube and plate 3.20
Pitch to diameter ratio ‘ 1.33
Flow area I 2623.6
Wetted perimeter 1011.3
Heated perimeter 746.1
Equivalent hydraulic diameter 10.4
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hypothetical subchannel boundary
subchannel identification number
rod identification number

i thermocouple

normalized radial power ratio
for SG/WM :-inner 9rods: 1.237
- outer 16 rods : 0.8667

1.186
0.8954

for SG/WOM : - inner 9 rods :

- outer 16 rods :

Fig. 4 Cross-section of test rod bundle and positions
of rod thermocouples
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Table 2 Test conditions for two-phase flow test

Items Unit SG/WM bundle SG/WOM bundle
Outlet pressure MPa 1.65~2.95 1.28~2.95
Inlet temperature C 20.4~84.7 18.38~83.13
Outlet temperature C 61.2~93.1 48.94~92.39
Heat fux kW/m? 31.90~197.7 34.40~181.2
Mass flux kg/m?s 1000~ 4000 1000~ 4000
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Fig. 9 Flow pattern at channel exit for various inlet
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sure(A : Annular flow, B: Bubbly flow, B-D:
Bubbly-Dispersed flow, S-C : Slug/Churn flow)

Fig. 13 Flow pattern at channel exit for various pres-
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(a) Liquid flow (b) Bubbly flow

(c) Slug flow

(d) Churn flow (e) Annular flow

Fig. 14 Effect of mixing vane on the typical flow regime in a vertical flow
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