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Numerical simulation of radiation intensity of double S—shaped

exhaust system with different outlet shapes

Gao Xiang, Yang Qingzhen, Shi Yonggiang, Wang Yun, Yang Huicheng
(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: Several double —S nozzles with different outlet shapes were designed based on an axis —
symmetric nozzle to analyze influence of the outlet shape on the infrared radiation (IR) characteristics of
exhaust system. The curvature regulation method and mass-flow matching principle were adopted in the
design. The distribution of the characteristics of flow field and mass fraction of six exhaust system
models were obtained by CFD. The IR characteristics of these models were calculated by reverse Monte-
Carlo method (RMCM), and then IR intensity space distribution of the rear hemisphere, radiation
brightness distribution and the lock distance of the rear hemisphere were researched. The results show
that, the double S—shaped nozzle can reduce the infrared signal of target effectively. The outlet shape can
affect the IR characteristics of exhaust system. The models with trapezoid outlet shape has significantly
lower IR intensity than the double S—shaped nozzles with other outlet shapes, and can reduce the peak of

IR intensity at least 70% compared with the axis-symmetric nozzle. Reducing trapezoid’s bottom angle
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can enhance the infrared suppression effect, and appropriate outlet shape can further suppress the IR

intensity of exhaust system within acceptable thrust loss.

Key words: double S—shaped nozzle; outlet shape;

lock distance
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Fig.2 Outlet shape of double S—shaped model
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Tab.1 Design parameters of double—S shaped model

Parameters Value
Length/Diameter 1.7
Aspect ratio 4
Offset position 0.4
Offset distance(non-dimensional) -0.15 0.35

Law of centerline Uniform change

Law of area Front acute, after slow

Outlet shape Ellipse, rectangle, trapezoid
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Fig.5 Distribution of non-dimensional pressure in symmetric plane

of double S—shaped nozzle
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Tab.2 Non-dimensional thrust and mass-flow of

double S—shaped nozzles

T40 T60 T80 R E

F/F 0.968 0.974 0.980 0.983 0.987

M/ M, 0.997 0.998 0.997 0.997 0.997
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Fig.7 Non-dimensional IR intensity in altitude detection plane

non-dimensional IR intensity

3.2.2 RFARM-FE@RS Bk E LIS SR A M
8 /K SRR 5 1) | AL S 25 545 ) G 5 4 FH
A3 SR B A A 18] a0 A ph 2R SRR I S T N TR

90 80

Axi-symmetry
~~~~~~~ Ellipse
Rectangle
Trapezoid 40°
— —a— - Trapezoid 60°
Trapezoid 80°

L 0
0 0.05 0.10 0.15 0.20 0.25 0.30
Ir,,

8 JKP AR - 181 TG 4k 40 FH 53 4 5 0k B

Fig.8 Non-dimensional IR intensity in horizontal detection plane
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Fig.10 Non-dimensional IR intensity in the rear hemisphere of

different nozzles
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