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Enhanced heat transfer research by combining dual synthetic jets
actuator with different metal-water micron fluids

YU Xinying, KANG Ying, LUO Zhenbing, DENG Xiong, CHENG Pan” , WANG Yangxiao
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract ; In order to improve the heat dissipation capacity of the electronic equipment system of the near space vehicle and solve the problem
of high heat flux of integrated and miniaturized electronic devices, the heat transfer performance of the dual synthetic jets actuator, micron particle
two-phase flow and their combination was studied. The mechanism of enhancing heat transfer capacity with dual synthetic jet actuator was studied
and analyzed. The flow process of the dual synthetic jets actuator and Cu-water micron particle fluid in the tube was modeled, and the influence of
five particle concentrations on the enhanced heat transfer capacity of the fluid was simulated by the single Euler model. Meanwhile, Cu-water,
CuO-water and Al, O;-water micron particle fluids were simulated. The results show that the heat transfer capacity of fluid can be enhanced by the
dual synthetic jets. The heat transfer capacity in-creases with the increase of micron particle concentration. The two-phase flow heat transfer
capacity of different metal particles varies with the thermal conductivity of metal particles. When the micron particle fluid is a copper particle with
a particle concentration of 8% , the chip temperature is reduced from 328. 225 K to 303. 816 K after the synthetic double-jet actuator is turned on.
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Fig.1 Model of DSJ and micron two-phases flow
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Fig.2  Grid of DSJ and micron two-phase flow
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. p/ Cc/ k,./
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(BN 3 » » (m” =s77)

m~) K™) K™)

Cu 996.450 4 176.700 0.612 8.62x107*
CuO 1436.734 2 860.462 0.728 1.06x107?
AL O; 1234.334 3 298.853 0.729  1.06x10°°
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Tab.2  Micro particle fluid physical parameters of copper

particles with different concentrations

e e/ ¢/ 4

¥ (kg - (J kg's (Wem™'- 2”/71
% m) K k- )
0 996.450 4176.700  0.612 8.62 x10"*
2 1 155.321 3 590.043 0.680 9.07x107*
4 1314192 3145226  0.726 9.55x10°*
6 1473.063 2796.357  0.751 1.01x10°°
8 1631.934 2 515.414 0.755 1.06x107°
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Tab.3  Grid independence verification results

o i 25 1 o s IR/ K
b 72 192 328.221
i 97 423 328.225
B 121 020 328.225
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Fig.3 Comparison of model validation
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Tab.4 Temperature of driver chip under different

working conditions

T TR RMR RE/K S eR/%
/K /K

afizk 304.833  331.624 26.791 8.079
Cu_2% 304.35 329.838  25.488 7.727
Cu_4% 304.06 328.795 24.735 7.523
Cu_6% 303.898  328.285 24.387 7.429
Cu_8% 303.816  328.225 24.409 7.437
CuO_8%  304.086  328.805 24.719 7.518
AlL,O; 8% 304.329  328.884 24.555 7.466
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