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Simulation Analysis of Infrared Radiation Suppression Effect of Solid Particles

on Aircraft Exhaust Plume

Yu Kun”, Cong Mingyu, Dai Wencong

Research Center for Space Optical Engineering, Harbin Institute of Technology, Harbin, Heilongjiang 150006, China

Abstract In this paper, the infrared radiation characteristics of the gas-solid two-phase exhaust plume containing
solid particles are simulated and modeled. The ray tracing method is used to calculate the radiation intensity and
radiation suppression rate of the exhaust plume. The simulation environment of the exhaust plume flow field and the
imaging simulation scene of the air-based infrared camera are designed. Through the mechanism of solid particle
radiation suppression, the particle diameter, particle flow rate, and particle complex refractive index are determined
as the main influencing factors of the radiation suppression rate. Simulation calculation results show that reducing
the particle diameter and increasing the particle flow rate can enhance the radiation suppression ability of the solid
particles. Increasing the particle absorption cross-section can enhance the radiation suppression ability of solid
particles in the gas absorption waveband, and at the same time reduce their radiation suppression ability in the non-
gas absorption waveband. In some cases, the solid particles may increase the radiation intensity of the exhaust
plume and change the spectral radiation characteristics.
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Fig. 1 Transmission path of exhaust plume infrared radiation
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Fig. 2 Simulation calculation flow of exhaust plume infrared radiation intensity based on ray tracing
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Table 1 Simulation parameters of exhaust plume flow field

Parameter name

Parameter value

Atmospheric pressure /Pa

Atmospheric temperature /K
Atmospheric composition model

Short-waveband light radiance /

3x10"
255
ideal atmosphere

model of Fluent

, 10
[We (srem”) ']
Short-waveband light direction —Z axis
Flight height /km 10
Flight speed /Ma 1.0
Turbulence model realizable K-epsilon
Inlet air flow rate /(m + s~ ') 400
Inlet air pressure /Pa 2X10°
Inlet air temperature /K 650
Fuel type CsHy,
Inlet fuel temperature /K 300
Inlet fuel flow rate /(kg s ") 0.15
Particle flow rate variable
Particle diameter variable

10 m

B3 R % i s BT AR

Fig. 3 Simulation calculation result of exhaust plume temperature field
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Fig. 6 Variation curve of radiation attenuation characteristics of particle with complex refractive index. (a) Variation curve
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7 Sk kL T o't AT B R T LA Y AR R
A LLR B kL T O AT BE R AR Y B R Y
T, AETE AU AR R ORI R T
VB B, R DR R R R R A T B S A
[ERARSE AR A N NE R S S RN R AR Sy o 1\
ST 2 S R ik B0 1) T A R [ I O ) b
B EY 43 A, A R TS e R S A ) S P A
il 5 AR R R R g RO, S A eR BER B K T
] G A L O R S RE R R T AR
wmE 8 frR,

14

_—Surn— =5 um- - =10 pm = - =20 um l
i

Ii
! by /{').‘/'/'\'\'/

I i II‘| Ll’/
81, TR TR U W TRt
e gt i

12 hotram g T e

Extinction cross section /

0 lsceomczmm toa S ==

1000 3000 5000 7000 9000 11000

Wavelength /nm

P 7O T DG T B R T AR 8 it £
Fig. 7 Variation curve of particle extinction cross section

with particle diameter

1.0x10-°
@ ——3pm= —=5um- - =10 pm = - = 20 pm

8.0x10! |

90°
(b) 1.6 - 120° 60°

12
08| 150

29

30°

=1
S
g
-1 N I .I' E
_ 60x10 B I ST g 04r
4.0x10 I R T SRR 5 0p18e° 0
o g ® 04
= L
2.0x10- 2 081 o0 330°
8 -12f
(s ) ) ) . . @16t 240° o = 300°
1000 3000 5000 7000 9000 11000

Wavelength /nm

—0.1- =0.3---05—--0.7

Kl 8 kTR BB T AR AR Ca) 3R X B PR DAL AR A9 728 A il 2 5 Cb) B A B 50 B A1 00 PR 1 1) 22 A s 20

Fig. 8 Variation curve of particle scattering characteristics with particle diameter. (a) Variation curve of asymmetry

factor with particle diameter; (b) variation of scattering phase function with asymmetry factor

i LRIk R BRI IR AN B R I B
7 A A 9 [ AR 1A S R e i S 40 ) 5
RN S - U B L AR RIE R G AR BN 1L A
S AT 55 A Sy 32 R e DR R T e ) L O A SR, A
B B A R R I TR AT R R AT R R
S AL T %k B S MR R A R SRR Y 7 SR AN
2 TR ARFPRLT I FORL T 5 T S RO 2y Gl
TE 4 Fiokr 5 BARZAF T W52 5 55 10 ) A< kL 7 1
TR S A R s PR AR T S 3T B RN AL L 7 2 Bk 1

BN R 5B E T 5 ROk i & Ak DF 5T 4
S5 900 ) 3R BRI B 1 A A R AR 5 R R R T O AR
AR AE 2 BB EAR N OU R 22 B E T 7 Aok 1A
I 5k AR AF L WF T 5 S 10 ) R Bk A A S AR A AR
(A RE

4 R IR A A 7 LS R 4

4.1 RFERAESNG R mAE
N TR~ LA 11 JR2 A i S 400 o) 3R Bt 0 1 B 4

g3 M

2129001-7



% {5

2 [ AR TR S R 7 B R

Table 2 Simulation experiment scheme of solid particle radiation suppression rate
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Fig. 9 Infrared radiation suppression rate with different particle diameters. (a) Short waveband;

(b) medium waveband; (c¢) long waveband
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Fig. 10 Infrared simulation images of exhaust plumes with different particle diameters. (a) Short waveband;

(b) medium waveband; (c) long waveband
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Fig. 11 Infrared radiation suppression rate of different particle flow rates (diameter is 3 pm).

(a) Short waveband; (b) medium waveband; (c¢) long waveband
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Fig. 12 Infrared radiation suppression rate of different particle flow rates (diameter is 10 pm).

(a) Short waveband; (b) medium waveband; (c) long waveband
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Fig. 13 Infrared simulation images of exhaust plumes with different particle {low rates (diameter is 3 pm).
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Fig. 14 Infrared simulation images of exhaust plumes with different particle flow rates (diameter is 10 pm).

(a) Short waveband; (b) medium waveband; (c¢) long waveband
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(a) Short waveband; (b) medium waveband; (c¢) long waveband
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Fig. 16 Infrared radiation suppression rate with different particle complex refractive indexes (diameter is 10 pm).

(a) Short waveband; (b) medium waveband; (c) long waveband
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Fig. 17 Infrared simulation images of exhaust plumes with different particle complex refractive indexes (diameter is 3 pm).

(a) Short waveband; (b) medium waveband; (c) long waveband

T AT VTSR A 1 ' T 5 A AT T AR
F1R) 580 S5 00 0 LB L pR T T % TR AR T e A T R
AR (St DN AN R <k N N e
EEATH RN 2401.2+5X10 "1,2+5X10 *i.2+
0. 51 LA B T KL 5% Wi F 1% B0 T R [RDRLF B A% 1 0
FOE SR R 19 & 20 Frox. AT LR L AT
[ AR TS S B B 0 19 D6 35 R G e ik R R

BN AR O 3% 28 £E L 4R SRR S A HLO A
COy 319 JE 5 A A iz 580 IR WAC 3% 7 AR IR At i 2
ARG R oTik . RATIRES T WSS Hh Ao [T 44
KLF-BE B AE 77 8055 . XE LLAE FEAG DU SRR s e 1
SE A AR ST HEMOZ L R MG ThO DX SORAR T FELER
AU o T [ AORE T A B B B 1 Y 02 B Y
B T EOR T P A 7 R G O e i X B AT

2129001-11



no particles no particles

2+0i 2+0i
2+5x10-% 2+5x10-%
2+5x107% 2+5x107%
2+0.51 2+0.51
2+5i |8 2+5i

2+2bi 2+2561

2+100i 2+100i

no particles
2+0i
2+5x107%
2+5x107%
2+0.51

2+bi

2+25i
2+100i

@ o0 p=90° =180° ® " po00  p=90° p=180° (© p=0° $=90° @=180°

K18 AR FEr R BBLIMFERBG(ERZ N 10 pm), (@B ; (D) I (O KK

Fig. 18 Infrared simulation images of exhaust plumes with different particle complex refractive indexes (diameter is 10 pm).

(a) Short waveband; (b) medium waveband; (c¢) long waveband
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(a) Short waveband; (b) medium waveband; (c) long waveband
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Fig. 20 Spectral radiation intensity with different particle complex refractive indexes (diameter is 10 pm).

(a) Short waveband; (b) medium waveband; (c¢) long waveband
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