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Analysis on Dynamic Heat Transfer Characteristics for Microsatellites

Influenced by Transient External Heat Flux
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Abstract: The transient heat transfer balance equation is deduced based on the double-layer aggregate model for
the microsatellite,in order to study rules of dynamic heat transfer characteristics. Analogous to damped oscillation
systems, the rules about amplitude and phase characteristics between temperature fluctuation and heat flux
fluctuation are obtained by using a new method of time frequency transform and transfer function analysis. The
working method is proved by numerical calculation. The expressions of thermal parameters on the natural frequency
and the damping ratio are deduced for the heat transfer system of the microsatellite, which is proved to be an over-
damping system. The variation amplitude of temperature fluctuation decreases. when damping and frequency ratios
increase, or static displacement decreases. The changing rules of phase difference is opposite with varying damping
ratios in different ranges of frequency ratios. Moreover, the results from analysis and numerical simulation are
agreed. It can provide the theoretical reference for the thermal control optimization design of small satellites with low
thermal inertia.
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Fig.1 Double-layer aggregate model of microsatellite
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Fig.2 Change of absorption heat flow for on-orbit satellite
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Fig.6 Comparison of time domain process between numerical solutions and analytical solutions
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