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Design and experimental study of a pump-driven two-phase
cooling system in low-temperature environments

YANG Daorun, CUI Xiaoyu
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: To address the heat dissipation challenges of aerospace equipment, an experimental
bench for a pump-driven two-phase fluid cooling system was constructed, and a heat sink was
designed with its pipe layout density correlated to the local heat generation rate. The temperature
response characteristics of the heat sink during system startup were investigated under both ambient
and low-temperature conditions. The mass flow rate and inlet temperature of the working fluid were
optimized to meet the temperature control requirements. The results indicate that under ambient
conditions, with a simulated heat source power of 974 W, an inlet temperature ranging from 18 C
to 22 ‘C, and a mass flow rate of 9.48 g/s, the maximum temperature of the heat sink can be
maintained below 32 C, and the maximum surface temperature difference within 6 ‘C. This flow
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rate is identified as the optimal condition. In low-temperature environments, the liquid supply

capacity of the mechanical pump is reduced, leading to a decrease in the actual mass flow rate.

When the cryogenic chamber temperature drops to 0 ‘C and —20 °C, the pump power is set to the

same level as that under the ambient condition corresponding to 9.48 g/s. With the preheater

activated to achieve an inlet fluid temperature of 15 “C and a heating power of 974 W, the heat sink

continues to satisfy the temperature control requirements. However, when the cryogenic chamber

temperature decreases to —40 ‘C, the flow rate pulsation becomes more pronounced, necessitating

an increase in the mass flow rate to meet the temperature control requirements.

Keywords: two-phase fluid; mechanical

temperature uniformity
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Fig. 1 Composition of two-phase fluid cooling system
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Fig.2 Schematic diagram of simulated heat source and
temperature measurement points
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Fig.3 Schematic diagram of the heat sink structure
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Fig. 4 Pressure enthalpy of R134a in a pump-driven
two-phase cooling system
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different cryogenic chamber temperatures
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