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Study of Infrared Radiation Characteristics of
Hybrid Rocket Engine Exhaust Plume

ZHENG Cai-lang, ZHU Ding-qiang, QIAO Yao-bin

( School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100191, China )

Abstract: According to the motion of the Al2O3 particles in a hybrid rocket engine, the inside and

outside flow fields of the engine nozzle are simulated numerically and integrally. The parameters such

as temperature, pressure, composition concentration and particle concentration are obtained. The gas

spectral absorption coefficient is calculated by a line–by–line integration method based on the latest HI-

TRAN and HITEMP databases. The radiation characteristic parameters of solid particles are calculated

by using Mie’s theory. The infrared radiation intensity of plume is calculated by using a model based

on the discrete radiation transfer equation of the finite volume method. Through further solution, the

spectral radiation intensity in particular wavebands are obtained. Finally, practical tests are carried out

by using a thermal imager operating in the waveband from 8 µm to 14 µm and are compared with the

numerical calculation results. The result shows that this calculation model and method can simulate the

infrared radiation characteristics of the exhaust plumes from hybrid rocket engines well.

Key words: hybrid rocket engine; exhaust plume; flow–field; finite volume method; infrared radiation

intensity
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Q = [ρ1, ρ2, · · · , ρns, ρu, ρν, ρe]T (2)

E = [ρ1u, ρ2u, · · · , ρnsu, ρνu2 + p, ρuν, (ρe + p)u]T

(3)

F = [ρ1ν, ρ2ν, · · · , ρnsν, ρuν, ρν2 +p, (ρe+p)ν]T (4)
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P =
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k=E,W,S,N,R,F

αl
kI l

k,j + bl (15)
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αl
k = max[−AkDl

k, 0] (16)

αl
p =

6∑
k=1

max[AkDl
k, 0] + (kaλ + ksλ)VpΩl (17)

bl = (kaλIbλ(s) +
ksλ

4π
φk(Ωm, Ωl)Ωm)VpΩl (18)
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Ωl =
∫ ϕl+

ϕl−

∫ θl+

θl−
sin θdθdϕ (19)

Φk(Ω′, Ω) =

∫
Ωm

∫
Ωl φ(Ωm, Ωl)dΩldΩm

ΩlΩm
(20)
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ONP�>?�O=M,L" 2ω‖(m rad)�

ORM,L" 2ω⊥(m rad) �IIC�	�Q 

" R(km) �	�!PL" (θ, φ) �O>�>?�
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IBP"O= N‖ G$OR N⊥ G�RS��S

Q>��TG>R
"�M,L"

θ‖ =
2ω‖
N‖

, θ⊥ =
2ω⊥
N⊥

(21)

@�� θ‖ � θ⊥ "TG>RS
"�O=�OR

M,L (m rad) �TG>R
"�	�T4*#

dA "

dA = dxdy = R2θ‖θ⊥ (22)
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λ2

L�bλ(Ti)dλ (25)
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e

14388
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CO CO2 H2 H2O
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CO2 H OH
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\ 10 tutqrust` 8∼14 µm uv`

wuvan\

\ 11 vwmvxwst` 8∼14 µm uv`

wuvan\
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uv /µm 8∼14

|yv /(W/sr) 367.46 389.19 351.41

xwv /(W/sr) 420.23 449.97 413.56

zy}z /% 14.36 15.61 17.68
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