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Influence of rocket engine exit parameters on flow and

radiation characteristics of exhaust plume
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Abstract: Based on the detailed chemical reaction mechanism, the flow and radiation of
the plume were studied by the method of computational fluid dynamics (CFD) + line-by-line
integration and light of sight method. The effects of different chemical reaction mechanisms
on flow and radiation were compared and analyzed. The validity of the model was verified by
optical measurement data. On this basis, the influence of rocket exit parameters on plume
flow and radiation was analyzed in detail. The results showed that: the temperature of the
nozzle exit had little effect on the structure of the flow field, but had a significant effect on

the afterburning; the increase of pressure at the nozzle exit had an effect on the wave struc-
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ture of the Maher disk, but had little effect on the afterburning; the infrared radiation inten-
sity of the plume increased with the increase of the temperature and pressure of the nozzle ex-

it, and the infrared radiation intensity was positively related to the thrust of the engine.

Key words: exhaust plume flow; rocket engine exit parameters;

mechanism of chemical reaction; flow field structure; infrared radiation
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1 H,-CO-HCI
Table 1 H,-CO-HCI chemical reaction mechanism
bi=A, T e E/RT ki=A, Tk e E/RT
E./ E./
A, , A,
(J/kmol) (J/kmol)
H+0,=0H+0 1. 70X 10" 0 199910 CO+0, =0+CO0O, 9. 20X 10" —0. 60 0
H, +O=H-+O0OH 1L 17X 10° 1. 30 15171 CO+0O0+M=CO,+M 6 00Xx10" —1. 25 0
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OH+OH=0+H,0 3. 61Xx10"  —0.72 0 H+Cl, =HCI+Cl 6. 20X 10"  —0. 60 0
H+H+M=H,+M 7. 50X 10’ 0 0 HCl+OH=H,0+Cl 1. 89107 0 —7481
H+OH+M=H,O+M 1. 40Xx10" 0 4489 HCI+O=0H+Cl 1. 25X10" 0 0
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Fig. 6 Calculated and measured infrared radiation
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