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Coupling analysis of thermodynamic environment for air-to-air missile

XU Shinan, XU Liyou™
(School of Vehicle and Traffic Engineering, Henan University of Science and Technology, Luoyang 471003, China)

Abstract; With regard to accurately predicting thermodynamic environment for air-to-air missile, fluid-thermal-solid coupling analysis should
be adopted, and coupling effects on flow field and structure-temperature field should be investigated. A fluid-thermal-solid multi-field coupling
simulation model for air-to-air missile was established via using partition algorithm, and the coupling relationships among missile structural
deformation, temperature and pressure were analyzed and the coupling effects on temperature and pressure simulation results were examined as well.
Results show that, missile bending deformation is caused by aerodynamic and aerothermal, and the structure deformation could lead to the variation
of missile temperature field and pressure field. The main reason for the variation is induced by the structure deformation from aerodynamic effect.
The predicting accuracy of missile thermodynamic environment can be affected by the coupling effects. If the missile slenderness ratio or the angle
of attack is small, or the flight speed is low, the coupling effects have a little influence on thermodynamic environment for supersonic missile. If the
missile slenderness ratio and the angle of attack are large, and the flight speed is high, high predicting accuracy can be obtained by considering
coupling effects.
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Fig. 1 Multi-field coupling analysis model
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Tab.1 Material parameters
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Tab.2 Titanium alloy material parameters
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Tab.3  Grid independence verification
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Al 57 450 29.7
Bl 107 453 31.2
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Tab.4 Time independence verification
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A2 0.001 0 454 32.4
B2 0.000 5 455 33.1
2 0.000 1 455 33.2

3 (hEERSH

DA 3R A0 He 2050 5,10 15 .20 (i i el 22
SRS BESCBL) , KAT I o ) D 00,5107,
15°.20°, RAT S &esr il 3.4.5.6, KATRE
N 25 km JEIFHETE, F HEA SR PFIE T4 2 At
SR, TSR R IBGAE DN Sy - HFT AL AT
FIBEAE O ~ 25 km, HAE R 2 P as 25 B A 5 50
i Do LRI RAT B BN 25 km, KAT T
R RN 60 FEZ AR IR, & #fi ff BLAH 1A
B, LA 20 34T 7047



%24

IRILR , 45 23 28 S SR BREERE 53 0T $113 -

3.1 RAMBESH

DR S 7E S R 40 T 38 B A AL, DA
KA L S 10 7S 550550 0 i sty 057 & ), 64T
WFoE o

B9 kT e Ma =6 B}, RE M T 1
BB BUf R 0°RT 5B Uy A8 ml 3950 40 A, il
T S T T 88 55 5 L TBCF 1 8 R, TR A% 1) L
JE B R, ELA XU R T [ 10 Ol R
TEXCA R 20° B, R TR QAT S5 40T IR E =
Pl o 35 o0 A A A B, 3600 I T S s 5 B o
ST R R R, A I B A R RS K, RO

e/ C
472.5

| 460.0
435.0
410.0
385.0
360.0
3475
0° 5° 10° 15° 20°

B9 AIFEZM T BB S A
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Fig. 11 Pressure distribution at different attack angle
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Fig. 18  Coupling effects on pressure difference
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