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Cryogenic microjet/transpiration cooling for reentry heat shield
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In this study, regarding thermal protection during re-entry, which is a
major issue for reusable space transportation systems, we propose fluid cooling using cryogenic
liquids such as liquid hydrogen carried as propellants, instead of conventional heat-resistant
materials. We adopt microchannels with a large internal wetted surface area, which are expected to
have high cooling efficiency. However, due to the small channels, surface tension may dominate, and
vapor film growth may reduce cooling efficiency. Therefore, we devised a method of impinging liquid
jets onto the heated surface to promote the removal of vapor films. Through fundamental experiments,

we found conditions for vapor film removal based on the Weber number. Based on this, we additively
fabricated a metal test module and conducted a cooling experiment using liquid nitrogen. Compared to
quasi porous structure, we confirmed that the proposed microjets halved the cooling time under

large We number conditions.
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