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Mesoscopic Numerical Study on Flow Boiling Heat Transfer Performance
in Channels With Multiple Rectangular Heaters
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Abstract: The flow boiling phenomenon in a channel with multiple rectangular heaters under a constant wall temperature
was numerically studied with the lattice Boltzmann method. The effects of spacings between heaters, heater lengths and
heater surface wettabilities on the bubble morphology, the bubble area and the heat flux on the heater surface, were studied.
The results show that, the bubble growth rate increases with the spacing between heaters. The larger the bubble area is, the

earlier the nucleated bubbles will leave the heater surface. The corresponding boiling heat transfer performance increases by
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12% with the spacing between heaters growing from 250 lattices to 1 000 lattices. On the other hand, the longer the heater
length is, the earlier the bubble will nucleate and leave the heater surface, and the better the boiling heat transfer
performance will be. The boiling heat transfer performance increases by 13% with the heater length rising from 16 lattices
to 22 lattices. In addition, the bubble nucleates later on the hydrophilic surface than on the hydrophobic surface. Compared
with the hydrophilic surface, the hydrophobic surface retains residual bubbles after the leaving of bubbles from the heater.
The average heat flux and the bubble area of the hydrophilic surface are less than those of the hydrophobic surface. With the
contact angle changing from 77° to 120°, the heat transfer performance increases by 26%. Finally, the orthogonal test
results indicate that, the wettability of the heat exchanger surface has the greatest influence on the flow boiling heat transfer

performance, while the heater length has the least influence.

Key words: lattice Boltzmann method; flow boiling; multiple rectangular heaters
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Fig. 2 The relationship between gravitational acceleration g and bubble departure diameter d
TESHATRUA AN Z T, 1 SeHE AT IR TGRSR, 2 1 45 1 T MRS KNG 3IR L, x L,=500 x 150, L, % L=

1000 x 300, L, x L,=2000 x 600 —FiriF i T i sl 15 1 A v fin g 1 1) 25 18] - (8] P S PO B Qe HorP
INFAESF R A 6=90°, HAUS S 2.1 /N AHIE. AR 1 Hpal LIS H, RSBl L, < L,=500 x 150 i)
PP B AR T AP RR O, AR, B4R RN L, x L,=1000 % 300 FI L, x L,=2000 x 600 FF{E LT f-F-
PP B AR R 228 4.054%. R, 5 IEBNTHRRCR AT ARG L, A ST R/ NEBCR L, x L,=1000 x
300, X1 d,=0.01 mm, R}/ INEE T [6] [ 4% JUEE A 0.01 mm.,

1 MRICCME
Table 1  Grid independence

mesh size mean heat flux O,
L, % L,=500 x 150 1.027 x 102
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B 4 R R R BR8 BESM 0 (a) D=500; (b) D=333; (¢) D=250
Fig. 4 Density distributions with different heater spacings: (a)D=500; (b) D=333; (c) D=250
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Fig. 5 The bubble areas with different heater spacings
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Fig. 6 Heat fluxes on the heater surface with different heater spacings: (a) temporal variations of the spatial average heat flux on the heater surface;

(b) the temporal and spatial average heat flux on the heater surface
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7 R BE R RS BE 400 : (a) L=16; (b) L=18; (¢)L=20; (d)L=22
Fig. 7 Density distributions with different heater lengths: (a) L=16; (b) L=18; (c) L=20; (d) L=22
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Fig. 8 The bubble areas with different heater lengths
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Table 2 The orthogonal test table and data analysis

test number length L distance D contact angle @ test index ('mean heat flux ) Q,.
1 18 (D) 333 (D) 77° (D) 8.463 x 107
2 18 (D) 500 (@) 90° (@) 1.043 x 1072
3 18 (D) 1000 (®) 120° (®) 1.264 x 10
4 20 (@) 333 (D) 90° (@) 1.032 x 10
5 20 (@) 500 (@) 120° (®) 1273 x 107
6 20 (@) 1000 (®) 77° (D) 9.856 x 10
7 22 (®) 333 (D) 120° (®) 1327 x 102
8 22 (®) 500 (@) 77° (D) 9.087 x 107
9 22 (®) 1000 (®) 90° (@) 1.116 x 10
A 1.051 x 107 1.069 x 107 9.135x 10 -

B 1.097 x 107 1.075 x 107 1.064 x 107 -
C 1.117 x 107 1.122 x 107 1.288 x 107 -
R 6.611x107" 5353 x 107 3.748 x 107 -
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