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Infrared radiation of plume in three typical flow state

Zhu Xijuan, Li Xia, Wang Jun, Liu Xingrun
(Science and Technology on Optical Radiation Laboratory, Beijing 100854, China)

Abstract: The infrared radiation in 3-5um band of axisymmetric Laval nozzle in underexpanding, designing
and overexpanding conditions were simulated by a three-dimensional (3 -D) exhaust system infrared
radiation code. The 3-D flow field of the jet was simulated numerically by finite volume method(FVM),
RNG k-e turbulence model, and the infrared (IR) radiation code of the plume was developed by FVM
coupled with narrow band model in non-gray absorbing-emitting media. The results indicate that the
plume IR radiation intensities of underexpanding state are maximal, those of the designing and
overexpanding decrease in turn, which related to flow characteristics, it illuminates that the IR radiation
of plume canbe affected by the flow characteristics, that canbe controlled by controlling the flow.
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Fig.1 Nozzle geometry
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Fig.2 Mesh of flow filed
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Fig.3 Schematic of 3-D control volume
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Fig.6 Flow field of plume
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Fig.7 Infrared radiance of plume at zenithal angle of 0°
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Fig.8 Infrared radiance of plume at zenithal angle of 90°
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Fig.9 Infrared radiance along central line at zenithal angle of 90°

and azimuth angle of 0°
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Fig.10 Flow field of plume
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Fig.11 Infrared radiance of plume at zenithal angle of 0°
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Fig.12 Infrared radiance of plume at zenithal angle of 90°
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Fig.13 Infrared radiance along central line at zenithal angle of 90°
and azimuth angle of 0°
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Fig.14 Flow field of plume
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Fig.15 Infrared radiance of plume at zenithal angle of 0°
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Fig.16 Infrared radiance of plume at zenithal angle of 90°
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Fig.17 Infrared radiance along central line at zenithal angle of 90°

and the azimuth angle of 0°
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Fig.18 Intensity comparison of three nozzle in 3-5 pum
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Fig.19 Radiance comparison of three nozzle along central line
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Fig.20 Spectral intensity comparison of three nozzle
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