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Effect of blisters on flow heat transfer in rectangular narrow channels
under dispersed flow condition

LU Jiaming, WANG Yan, YAO Jiaye, HONG Gang”* ,ZHANG Yaoli

(College of Energy.Xiamen University, Xiamen 361102, China)

Abstract : [Objective] In the core of a nuclear reactor,a loss of coolant accident (LOCA) can result in the rapid depletion of coolant,
resulting in insufficient cooling of fuel elements and the possibility of dispersed flow film boiling conditions. Under these
circumstances, blistering on the fuel elements may further deteriorate heat transfer. This study focuses on the influence of blister size
and spacing on channel flow heat transfer under the condition of dispersed flow film boiling. [ Methods] Ansys Fluent software was
used for geometric modeling and meshing of the rectangular narrow channel with blisters structures. A numerical model of dispersed
flow heat transfer was constructed for the mechanism of dispersed flow heat transfer. The Eulerian model, wall and vapor-liquid two-
phase heat transfer model, and interphase model coupling were used to describe the pressure and mass transfer between the liquid
phase and the gas phase and to construct the boiling model of dispersed flow. The flow heat transfer characteristics of rectangular
narrow channels with different blisters heights, diameters, and spacings were calculated and analyzed. [ Results] The blisters
destabilize the flow field, causing a significant obstruction to the local flow velocity and a significant effect on the interface
temperature. When multiple blisters are arranged along the flow direction, the first blister receives the strongest fluid shock and has
the lowest surface temperature. The highest temperature occurs at the end of the last blister. An increase in the height of the blisters
results in a greater influence of the blisters on the fluid temperature and the wall temperature. From the starting point of the first
blister to the end position of the last blister, the fluid temperature varies by 1. 1 K for the no-blister condition, while the fluid

temperature {luctuates up to 3.9 and 5. 8 K when the blister height is 1. 3 and 1. 6 nm (conditions 2 and 3) , respectively. In terms of
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the wall temperature, there is a variation of 1. 9 K for the no-blister condition,and the wall temperature fluctuates by 9. 6 and 12. 5 K
for conditions 2 and 3, respectively. As the diameter of the blisters increases. the effect on the fluid temperature and wall temperature
increases. When the blister diameter is 8. 0,6. 0,and 4. 0 mm (conditions 3,4,and 5) , the maximum value of fluid temperature at the
location of the blister is 3. 8, 2. 8, and 2. 0 K higher compared to that in the condition without blister, respectively. The wall
temperature fluctuation in the condition without blister is 5. 9 K, whereas for conditions 3 to 5, the fluctuation in the wall temperature
is 12.5,10. 8,and 10. 6 K, respectively. The increase in the blister spacing will lead to an increase in the effect of blisters on the fluid
temperature and wall temperature as well. The values of fluid temperature fluctuation at the location of the blisters are 3. 9,6. 8,and
7.7 K. The wall temperature fluctuation is 9. 6,13. 4,and 14. 4 K when the blister spacing is 20. 0,40. 0 and 60. 0 mm, respectively.
The increase in the height, diameter, and spacing of the blisters will lead to a gradual increase in the fluid and wall temperatures,
while the maximum temperature will also show an increasing trend. [Conclusion] The appearance of blisters leads to a reduction in
the cross-sectional area of the channel,increased fluid flow rate between the top of the blisters and the wall,and enhanced local heat
transfer capacity. However,increased resistance due to the arrangement of multiple blisters can lead to a decrease in the overall heat
transfer capacity of the rear section of the fuel plate, and the fluctuation of the wall temperature is close to 15. 0 K. Under the
dispersed flow condition, it is easy for heat transfer deterioration to occur in advance. Therefore, in practical applications, the effect of
blisters on the flow heat transfer in the fuel plate should be fully considered to prevent the safety and integrity of the fuel element
from being threatened under the dispersed flow condition in a LOCA.

Keywords: rectangular narrow channel; blister; dispersed flow film boiling; numerical simulation
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Tab.1 Geometry parameters of blisters mm
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2 8.0 1.3 20. 0
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4 6.0 1.3 20. 0
5 4.0 1.3 20. 0
6 8.0 1.3 40.0
7 8.0 1.3 60.0
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calculated wall temperature value
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Fig. 8 Comparison of wall temperature along the central axis of the inner wall of the fuel plate under different blister height conditions
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Fig. 9 Comparison of fluid temperature along the central axis of the fuel plate near the wall under different blister diameter conditions
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Fig. 11 Comparison of fluid temperature along the central axis of the fuel plate near the wall under different blister spacing conditions
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