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Abstract: Exhaust plume from the rocket engine produced strong infrared radiation signals, widely used
for target detecting and identifying. For a model solid rocket motor, the Euler Discrete Phase model was used to
describe the interaction between gases and solid particles. The detailed chemical reaction mechanism was used to
calculate the afterburning in the plume. Based on the line by line integration method and Mie theory, the gases
and solid particles radiation properties were solved. The radiation transmission was calculated by the light of sight
method, and the applicability of the model was verified by the measured data. The effects of different flight
heights on the gas—solid two—phase plume flow and radiation characteristics were simulated. The results show
that: as the height increases, the interaction between the gas and the solid particles in the plume is weakened,

and the larger the particle size, the greater the difference between the particles and the gas. The two—phase plume
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is affected by the difference in mixing and afterburning effects at different heights, resulting in significant differ-

ences in temperature and concentration of different gases. The radiation spectrum at each height exhibits a gas se-

lective emission spectrum structure. The contribution of high temperature Al,05 to radiation is mainly concentrat-

ed in short waves, and the higher the height, the smaller the influence. The radiation characteristics between dif-

ferent bands are affected by the emission bands of different gases, and the radiation peaks of the two main emis-

sion bands of 2.7pm and 4.3wm may appear at different flight heights.

Key words: Solid rocket motor; Two—phase flow; Exhaust plume; Flight height; Flow characteristics;
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27 Table 2 Average diameter of solid particle cloud
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1/12 ( 13)
(z, + Da 2 3.32 6 6.27
7,,a 3 4.00 7 7.56
(z, + Da +|7.7(1 —M)
T, 4 4.65 8 10.9

f(rna)=/(z,” + 2a7,)

KTIL 172
7,=2a| (1+—)" -1
a

7, R WO 2 TR BE L 7 R A S 2 R
B a = myld AR RS A5 S5,y Rk R
Vi, d NTEL NI, LN E TR E
22 tEER

AR 3C L ol RO A 2 R 7 AR L R B AL R
WF 58X 4, e 2 HLE A 0k 38 1542 O 10mm , 5 48
FE AR R 23mm, W 45 21 /A Oy 450, 979k 2/ o 150,
K F B ICEM=CFD R 43— 4 S5 A0 4k M K%, 75 15§
7 Tl 2 R TED R 3T R A A, 2 B R B A
/A SRy e S R I P 4 2 I e v o A -
B E I B R X T 3 S 8O A A KT R
FH A X #8500 DA%, 5 4 T F 8K 10.0m, 55 0.5m
FEA TR IR WS BECR 1.8x10°, 3 i X 2 ik
S EAT AT LRI O X Rl 3 L A TS G M

AU S S WL HE 00 G 7 32 O e AR AR LA Ak
MRS IE A R K e . B R b G SE I 2
JE5% K 7.4MPa, I8 h 2884K . RBEE RIS 124 S
BR 1R o SR 8 4L UKL B HEAT IR, R AR O
0 A AR A3 B, OB BER AR A IR 2 TR o il
H,/CO %Ak S 1 1A 32 A5 $UL 5 4 B2 BRI, k27 o g L
R W 3 FTm o

Table 1 Mass fractions of species in combustion chamber

Table 3 H,-CO chemical reaction mechanism

b= 4 TP BT
= e
Reaction formula ! -
A, B. E (J/kmol)
CO+0+M=CO,+M 2.54x10° 0.00 1.82x107
CO+0OH=H+CO, 1.69x10* 1.30 -2.74x10°
OH+H,=H+ H,0 1.14x10°6 1.30 1.52x107
H,+0=H+OH 1.81x107 1.00 3.72x107
H+0,=0H+0 1.45x10" 0.00 6.86x107
OH+OH=0+H,0 6.02x10° 0.00 4.57x10°
H+H+M=H,+M 1.09x10" -1.00 0.00
0+0+M=0,+M 1.09x10% 0.00 -7.48%x10°
H+0+M=0OH+M 3.63x10" -1.00 0.00
H+OH+M=H,0+M 3.63x10' -2.00 0.00

Specie Mass fraction
H,0 0.1084
co, 0.2462
co 0.3850
H, 0.0140
N, 0.1630
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Table 4 Comparison of radiation intensity in different

bands at different altitudes (Wi/sr)
Bande/um Flight height /km
0 10 20 30
2.5~3.0 207.77 77.49 23.42 31.36
4.0~4.5 271.02 337.34 129.24 173.38
4.5~5.0 119.62 60.89 41.53 71.93
5.5~6.0 43.10 15.69 7.46 8.89
6.5~7.0 57.97 21.88 10.66 12.59
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