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NUMERICAL SIMULATION OF INFRARED RADIATION PROPER-
TIES OF SOLID ROCKET ENGINE EXHAUST PLUME”

HAO Jin-Bo DONG Shi-Kui TAN He-Ping
(School of Energy Science and Engineering, Harbin Institute of Technology, Harbin, Heilongjiang 150001, China)

Abstract In the case of cerfain parameters for concentration and temperature profile, particle and radiation properties of
gas, the finite volume method in body-fitted coordinates is used to calculate the infrared spectral properties of the solid rock-
et exhaust plume with anisotropic scattering particles, results of which are compared with those of discrete ordinate method.
Apparent spectral radiative intensities at 2. 7um and 2. 95pum and band radiative intensity within 2.7 ~2.95um are ana-

lyzed. Furthermore, the errors caused by isotropic scattering or no scattering approximation to non-linear anisotropy scatter-

ing model are investigated.
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Fig.1 The sketch of control volume
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Fig.2 computational parameters of flowfield and radiative parameters of gas phase molecular species  ( a) tempera-~
ture profile of flowfield (b) particles concentratioin profile of AL, O; ( c)total spectral absorption coefficients of CO,,

H,0 and CO at 4.3pm (d)spectral scattering coefficients of ALLO, at 4. 3pm
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Fig.3 The sketch of calculation zone of exhaust plume
radiation and the direction of detection
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Fig.5 Radiation field of exhaust plume (a)radiation
field of exhaust plume at 2. 7um ( b) radiation field of
exhaust plume at 2. 95um ( ¢) radiation field of exhaust
plume of 2.7 ~ 2.95um spectral band
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Fig. 6 Relative error of approximation at 4.2uym (a)
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scattering approximation

4.3  4.45 am  4.2~4.45
4.48 RE(%)  3.97

wm 4.2
RE, (%) 3.69 4.11



http://www.cqvip.com

250 505 K ¥R 22 %

XL ER G LB HIESBHAAT  H
R PR R T FVM I FEE A S & ShLEBUGE K
THHE. ST 2. 7pum 2. 95 um FW LRG58 F &
2.7 ~2.95pm HRMIE R STRE.

THE SRR, SRR O FHEAE SR ER K,
e OEGRAL, A B EE G FVM TR RS
DOM b —EWE B _f it E s R i1k
BE—E.

KA FVM B2 A% B R s R & R El s
BRUORE LIRS & 1) F PE B TR R BR
. 053 1E T 4.2pm 4. 3um 4. 45um EWHiE
BARE MOCERITRE 4.2 ~4. 45um BRI EH
BT RE MO R AT .

EAGTEBR T, AREE KRR ISR
EriERETBRAREAR —F FEKEn, 18
REMR; K5 WU AT, E 6B 0 X, R WA
SR B TR 8K R A& )[Rl RO e, 48
SRERITEIREARK.

REFERENCES

[ 1]Ludwing C B, Malkmus W, Walker J, et al. A theoretical
model for absorbing, emitting and scattering plume radia-
tion. Horton T E (Ed). Spacecraft Radative Transfer and
Temperature Control. New York: AIAA Progress Series in
Astronautics and Aeronautics, 1982, 83, 111—127

T2]XUN Nan-Rong. Numerical computation on infrared plume
radiation. Acta Aeronautica ET Astronautica Sinica{ 158 7.
SR B IGHEETE. MEFEIR), 1995, 16
(6) . 647—653

[3]1YAO Lian-Xing, YU Meng-Long, LI Jian-Bing. Optical ra-
diation characteristic of missile engine exhaust plumes and
earth’ s atmospheric background. Research on Properties of

Obyject and Environment ( Bk, Griife , T8 E. ¥ %
PG SHIBR KK E RFOLEH T BiRE5RES
HEFE), 1998, 2. 34—39

[4]Piesik E T. Aluminized propellants and a method defining
low-altitude exhaust plumes. J. of Spacecraft and Rocket,
1986, 23 215—221

[ 5]Scutaru D. Measurements and calculations of CO, absorption
at high temperature in the 4.3 and 2. 7um regions. J. of
Quantitative Spectroscopy and Radiative Transfer, 1993, 50
(2): 179—191

[6]DONG Shi-Kui, TAN He-Ping, HE Zhi-Hong, et al. Nu-
merical simulation of visible and infrared radiation properties
of hypersonic reentry hodies. J. Infrared Millim Waves ( #
% RAE AR L. M A E ALK R 4
SMESHRFHEREAER. A5 EKEFR), 2002, 21
{3).180—184

[7]HE Zhi-Hong. TAN He-Ping. LIU Lin-Hua. Finite volume
method for coupled radiation and conduction in scattering
non-gray medium. J. of Chemical Industry and Engineering
(BUEE ,RAF, 0. ARERERZHBETH
SHEIERA BRI ESHEA. L THW), 2001, 52(5):
434—439

[8]Thompson J F, Warsi U A, Masin C W. Numerical grid
generation ; Foundations and applications. New York ; North-
Holland, 1985,95—169

[9] Ferziger ] H, Peric M. Computational Methods for Fluid
Dynamics. Verlag Berlin Heidelbery: Springer, 1996,
104—107

[ 101 DONG Shi-Kui. A study on the thermal radiation properties
of high temperature gas and its application to space technolo-
gy. Dissertation of Harbin Indstitute of Technology for The
Doctoral Degree in Engineering ( # +%. SRS &EHES
PR RHEMRBERPHAMA. BRELL ¥
230, 2002

[11]Baek S W, Kim M Y. Analysis of radiative heating of a
rocket plume base with the finite volume method. Int. J. of
Heat and Mass Transfer, 1997, 40(7): 1501—1508

[12]Fiveland W A. The selection of discrete ordinate quadra-
ture sets for anisotropic scattering. ASME HTD-160, 1991,
89—96



http://www.cqvip.com

