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INFRARED RADIATION OF HIGH TEMPERATURE
CERAMICS UNDER AERODYNAMIC HEATING

DU Sheng-Hua, XIA Xin-Lin
(School of Energy Science and Engineering, Harbin Institute of Technology ,Harbin 150001, China)

Abstract: An infrared radiation model for high temperature ceramics under aerodynamic heating condition was developed by
analyzing the relationships between the internal thermal radiation, the temperature field of heat transfer, as well as the re-
flection and refraction at surface. The control volume method combined with the Monte Carlo method and spectral model
were used to simulate the radiation heat transfer in the ceramics and outgoing process. The medium effect factor was intro-
duced to analyze the infrared radiation mechanism of the material and the effects of aerodynamic heating on the infrared
characteristics. The results show that the coupling of spectral selectivity of thermal radiation inside the high temperature ce-
ramics of the temperature field results in the dependence of material infrared emissivity on the heat flux of aerodynamic heat-
ing. The high temperature ceramics absorbs radiation in ultraviolet, mid-infrared, and far infrared intensively while absorbs
radiation in visible spectra and near infrared weakly. So, the effective region inside the material, where the thermal radia-
tion of medium can contribute to the infrared emission of the material surface, enlarges with the increase of aerodynamic
heating, but the infrared emissivity of material decreases.

Key words: high temperature ceramic; infrared radiation; aerodynamic heating; medium effect factor
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Fig.1 Thermal radiation model for ceramics under aerodynamic
heating condition
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Fig.2 Comparison with the results in Ref. [10]
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Table 1 Spectral property data of high temperature ce-
ramics

k A=Ay ny, K

1 0.3-0.5 1.91 7000
2 0.5-0.7 1.86 1600
3 0.7-1.0 1.86 1100
4 1.0-2.0 1.89 4400
5 0-0.3 1.96 5x10°
6 2.0 - 1.82 5 x10°
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Fig.3 Temperature distribution in the ceramics under aerody-
namic heating condition
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Fig.4 Effects of aeroheating flux on spectral emissivity
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tion of isothermal material surface
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Table 2 Spectral emissivity of the isothermal ceramics and
the spectral fraction function of blackbody radia-
tion (g, =0.8590)

k 1 2 3

Shh 0.8512 0.8579 0.8578

Fy 3.2091 x10 ™% 5.8936 x10 "2 7.4698 x10 3
k 4 5 6

S 0.8538 0.8446 0.8632
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Fig.6 Effects of aeroheating flux on medium effect factors for
radiation of material surface
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