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Precise calculation of radiation heat of cryogenic infrared detector
Dewar

ZENG Chang-hang, CHEN Jun', LISi, YANG Xiu-hua, LI Qiu-yan, Ding Zhi-hong, TAO Chao-
kun, XU Shi-chun
(Kunming Institute of Phyics, Kunming 650223, China)

Abstract: The thermal load of the cryogenic infrared detector Dewar is a comprehensive indicator characterizing the adi-
abatic capacity of the Dewar. Radiative heat is a part of the thermal load. When calculating the radiative heat , the tradi-
tional approach typically simplifies the Dewar to a coaxial cylindrical model. This simplified model differs significantly
from the actual one and the traditional approach is incapable of computing the radiative heat transfer between surfaces
where emissivity, transmittance, and reflectance vary with wavelength. To enhance the calculation accuracy of the
Dewar's radiative heat, based on the Monte Carlo principle, a 3D Studio Max modeling was employed, model informa-
tion was extracted, and a program was developed, resulting in a set of general calculation programs for the Dewar's radi-
ative heat based on the radiation transfer factor. To preliminarily verify the accuracy of the calculation program, the cold
side radiative heat of two types of experimental dewars was calculated according to the gray body assumption and com-
pared with the measured values. The theoretical calculated value and measured value of the cold side radiation heat of
experimental dewar 1 were 155 mW and 136 mW, respectively, with an error of 19 mW ; the theoretical calculated val-
ue and measured value of cold side radiation heat of experimental dewar 2 were 87 mW and 79 mW, respectively, with
an error of 8 mW. After initially testing the accuracy of the calculation program, the cold side radiative heat of an engi-
neering typical 1IKx1K long-wave dewar when the emissivity of the window facing it was 0. 9 was calculated and mea-
sured experimentally. The theoretical calculated value was 127 mW, and the measured value was 110 mW, with an er-
ror of 17 mW.
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Table 2 Calculation parameters of experimental Dewar 1

Radiation heat

Radiation surface R Emissivity Temperature/K
calculate area/mm”

Window 378.28 0.89 298
Window base 4614. 39 0. 04 298

Nickel plated part of
918.52 0. 04 298

ceramic feed through

Gold plated part of
872.02 0.02 298

ceramic feed through

Ceramic part of

673. 81 0. 65 298

ceramic feed through
Main cylinder 2704. 61 0.04 288
Getter(NP) 336. 41 0.51 288
Transition ring 394.71 0.04 288
Cold figure base 342.27 0.12 273
Cold figure 1474. 55 0.13 177
Ceramic balance layer 221. 62 0. 64 71
Load substrate 312.80 0.02 77
Cold shield 2524.52 0. 05 77
Optical filter 225. 81 0. 89 77
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Table 3 The radiant heat flux on each surface of ex-

perimental Dewar 1

Radiation surface Radiation
force/mW
Window 150. 51
Window base 82.52
Nickel plated part of ceramic feed through 16.43
Gold plated part of ceramic feed through 7.80
Ceramic part of ceramic feed through 195. 80
Main cylinder 42.19
Getter(NP) 66.91
Transition ring 6.16
Cold figure base 12.93
Cold figure 10. 67
Ceramic balance layer 0.28
Load substrate 0.01
Cold shield 0.25
Optical filter 0. 40
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Table 4 Experimental and theoretical values of cold part radiation heat of experiment dewar 1&2

Experimental Theoretical Error (1) Experimental Theoretical Error (2)
Parameters
Values (1)/mW Values (1)/mW /mW Values (2)/mW Values (2)/mW /mW
Q 282 — - 198 - —
Q123 146 — - 119 - —
Q4 136 155 19 79 87 8
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Table 5 Theoretical and experimental values of cold
part radiation heat

of engineering typical 1KX1K long—wave Dewar
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