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Analysis of Influence Factors for Flow Distribution of Fluid Loop with Multiple
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Abstract: The thermal control fluid loop technology with multiple parallel branches has been widely used in
manned spacecraft. Factors such as external heat flux, gravity, and resistance characteristics can affect the flow
resistance, and thereby affects the flow distribution and heat dissipation potential, which may cause fluid freezing and
loop failure and threaten the spacecraft safety. Therefore, it is urgent to analyze the influence factors affecting the flow
distribution. A simplified model is established based on the fluid loop with six parallel branches in the Mengtian lab
module, and the effects of the external heat flux, gravity, and resistance characteristics on the flow distribution are
studied. The results indicate that the variations of the fluid physical properties caused by the radiation heat dissipation
can lead to an uneven flow distribution in each branch, which would be increased with a higher heat dissipation caused
by the external heat flux change and gravity. In addition, during the design and operation of the loop, the working
medium temperature should be avoided to enter the area of drastic changes in the fluid physical properties, otherwise
the flow rate of each branch might be easily affected by the external environmental changes.
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Fig. 1 Architecture of the Mengtian lab module
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Fig.3 Comparison of the simulation results with the

experimental data
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Fig. 4 Simulation model of the fluid loop with six parallel

branches
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Fig. 5 Variation of the flow distribution with the radiation

heat dissipation
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Fig. 8 Variation of the perfluorotrimethylamine viscosity

with the temperature
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Tab.1 Effects of gravity on the flow distribution of

each branch without heat dissipation
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Tab.2 Effects of gravity on the flow distribution of
each branch when the heat dissipation is 40 kW
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Fig. 9 Variation of the perfluorotrimethylamine density

with the temperature
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Fig. 10 Variation of the working medium temperature

along the flowing direction
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Fig. 11 Variation of the flow difference with the heat

dissipation with and without gravity
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Tab.3 Effects of the resistance characteristics on the flow

distribution without heat dissipation
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Tab. 4 Effects of the resistance characteristics on the flow distribution when the heat dissipation is 10 kW
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