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Influence of Afterburning on Infrared Radiation of Liquid Rocket
Exhaust Plume

LIU Zun-yang, SHAO Li, WANG Ya-fu, SUN Xiao-quan
(State Key Laboratory of Pulsed Power Laser Technology s Electronic Engineering Institute, Hefei 230037, China)

Abstract: In order to study the influence of afterburning on the infrared radiation of a liquid
rocket exhaust plume, a model was founded which could calculate afterburning flow field and
infrared radiation of a liquid rocket exhaust plume. The FLUENT was used to calculate the
afterburning flow field of a liquid rocket exhaust plume, the finite rate chemistry reaction model
was adopted to calculate the afterburning reaction. Then. a narrow band model based on the
HITEMP data base was employed to calculate the radiation parameters of plume gas. Lastly, the
finite volume method was used to solve the radiation transfer equation. The feasibility of this
model was testified by comparing the calculated spectral radiation intensity of the Titan IIIB
exhaust plume and the result of (American) National Aeronautics and Space Administration. By
means of this model, the influence of afterburning on the infrared radiation of a liquid rocket
exhaust plume was calculated. The results show that, afterburning is able to increase the infrared
spectral radiation greatly, and the average increase radio of the two domain radiation bands 2. 5~
3.0 pm and 4. 2~4. 7 ym achieve 30. 8% and 28. 3% respectively. Therefore, the afterburning
should be taken into account when calculating the exact infrared radiation of a liquid rocket
exhaust plume.
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Fig. 3 Calculating zone and grid near the nozzle outlet
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Table 1 Mole fractions of species in the nozzle
inlet and in the free stream
Species Combustion chamber Free flow
H. O 0.4648 0
CO, 0.0923 0.00032
CO 0.0324 0
H, 0. 0409 0
O, 0 0.210968
N, 0. 3553 0. 789
NO 0. 0086 0
H 0.0034 0
O 0.0023 0
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Table 2 Chemistry reaction model in the exhaust plume

Reaction constant
7X10 ¥exp (—2200/T)
2.8X107 " T exp (330/T)
1.9X10" " T exp (—1825/T)
3.0X10 " Texp (—4480/T)
2.4X10""exp (—8250/T)
1X10 "exp (—550/T)

Reaction formula
CO+0O+M=CO, +M
CO+0OH=CO,+H
H, +OH=H,O0+H
H,+0= OH+H
H+0,=0H+0
OH+OH=H,0+0

H+H-+M=H,+M 3X1070T!

O+0+M=0,+M 3X10 " exp (900/T)

O+H+M=0OH+M 1X10 2T !
H+OH+M=H,0+M 1X10° 5T
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