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Cooling performance of hydrogen for transpiration cooling
structure made by different materials

SUN lJiguo, CAT Guobiao
(School of Astronautics, Beihang University, Beijing 100191, China)

Abstract: In order to achieve effective cooling of high temperature and large heat flux com-
bustion devices in aerospace and other fields, the transpiration cooling performance of hydrogen
for structure made by different materials and processes under high temperature and high flux densi-
ty was studied. To simulate the structural characteristics and high heat flow of the high-pressure
thrust chamber, a transpiration -cooling test piece was designed, and the mainstream air was
heated by an electric arc to generate high-temperature gas. Hydrogen perspiration coolant was ap-
plied to 33 thermal tests for 172 seconds on porous ceramics, sintered porous stainless steel and
porous laminate materials. The tested material had a porosity of 10% —40%, a combustion
chamber pressure of 2. 7—8.4 MPa, a mainstream gas temperature of about 3 600 K, a main-
stream air flow rate of 220—1 490 g/s, a cooling hydrogen flow rate of 9. 6—57 g/s, and an in-
jection rate of 0. 005—0. 029. Test results showed that when the injection rate of hydrogen perspi-
ration cooling was 1%, the heat exchange between the mainstream high-temperature gas and the
walls of both the porous ceramics and the sintered porous stainless steel was reduced by more than

30% and 70%, respectively; when the injection rate of hydrogen perspiration cooling was 3%,
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the heat exchange between the mainstream high-temperature gas and the walls of the porous lami-

nate materials was reduced by more than 60% . Hydrogen transpiration cooling can effectively re-

duce the convective heat flow between the wall and the gas. Furthermore, the performance corre-

lation of high pressure, large heat flow and normal temperature hydrogen perspiration cooling

was summarized.

Key words: transpiration cooling; hydrogen; porous materials; thermal protection;

powder metallurgy; ceramics; laminates
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Table 1 Test conditions of porous structure hydrogen transpiration cooling
RPN =2 LB b/ MPa po/MPa  q, . /(g/s) q,./(g/s) F
1 0.136 7.9 8.9 296 35.6 0.0201
2 0.136 6. .8 223 27.3 0.020 5
3 0.136 6.1 7.0 385 22.3 0.010 3
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W) s 22 AL B4 7 0.102 6.0 6.9 223 26.7 0.0200
8 0.102 6.7 6.7 266 12.3 0.008 3
9 0.102 5.5 5.4 223 9.56 0.007 7
10 0.275 7.8 7.9 385 23.4 0.0108
11 0.275 5.4 5.9 261 16. 1 0.0109
12 0.116 3.6 6.1 709 53.6 0.0132
13 0.104 3.6 5.8 709 57.3 0.014 0
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Fig.6 Tube arc heating hydrogen transpiration cooling test
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transpiration cooling of different porous materials

and the empirical relations
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