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Development of High Efficiency Cooling System for Space Application by Using Flow Boiling in
Narrow Channels
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Abstract: For the development of high-performance electronic equipments, thermal management
becomes more important because of increasing heat generation density from semiconductors
densely integrated. Boiling two-phase phenomenon is one of effective methods, and it has high
ability to remove and transport waste heat. The technology can be applied to the cooling systems
also in space. Experiments on the increase in CHF for flow boiling in narrow channels by
improved liquid supply were conducted for the development of high-performance space cold plates.
A structure of narrow heated channel between parallel plates with an unheated auxiliary channel
was devised and tested by using water for different combinations of gap sizes and volumetric flow
rates. Five different liquid supply modes were compared. CHF values lager than 2x 10°W/m?” were
obtained for the improved heat transfer structure with a heated length of 150mm. Under several
conditions for gap size of 2mm, the extensions of dry-patches are observed at the upstream
position of the main heated channel resulting burnout not at the downstream but at the upstream. It
was clarified that there is an optimum flow rate allocation for both channels to obtain the highest

values of CHF.
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Fig. 1 Structure of narrow heated channel test section
with an auxiliary unheated channel and grooves
on the heating surface.
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Fig. 2 Liquid supply modes.
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Fig. 3 Relation between CHF at downstream-center position and inlet volumetric flow rate of main heated channel.
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Fig. 4 Pressure distribution expected qualitatively.
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Fig. 5 Performance index based on total volumetric flow rate.
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