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Numerical simulation study of aircraft temperature field based
on turbulence modeling

FAN Fu-giang' ,XING Su-xia' ,ZHANG Jun-ju’
(1. Artificial Intelligence Institute , Beijing Technology and Business University, Beijing 100048 , China;2. College of Electronic
Engineering and Optoelectronics Technology , Nanjing University of Science and Technology , Nanjing 210094 , China )

Abstract: The infrared imaging simulation of aircraft requires temperature field distribution under different flight con-
ditions. In this study,the Standard k-£ Model, SST k-£ model and S-A model are used to simulate the temperature field
of the aircraft respectively,and the simulation accuracy and difference of the temperature field of the three turbulence
models at different flight speeds and flight heights are studied. Further comparison with the theoretical values is made
to select a suitable simulation model of the temperature field of the aircraft,in order to provide an important reference
for the infrared imaging simulation of the aircraft. Firstly, MutiGen Creator software is used to establish the three-di-
mensional geometric modeling of the aircraft. Secondly, surface mesh and volume mesh are generated in Hypemesh
software and fluent mesh software in turn. Finally, Fluent 2022R1 software is used to simulate the static temperature
field distribution of the vehicle,and the temperature field of the vehicle is simulated under different flight speeds and
different altitudes by changing the turbulence model and the boundary condition settings ,and compared with the theo-

retical results. By changing the turbulence model and boundary condition settings ,the temperature field of the aircraft
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at different flight speeds and different altitudes is simulated numerically and compared with the theoretical results. The

experimental results show that the three turbulence models can simulate the temperature of the inner wall of the nozzle

and the skin of the aircraft better. The temperature of the skin of the aircraft rises with the increase of the flight Mach

number, and decreases with the increase of the flight altitude , which is consistent with the theoretical results. In the tail

nozzle inner wall surface temperature simulation, three kinds of turbulence model simulation of the inner wall surface

temperature of the highest difference of 21 K, the relative error in 1.8 % or so,in the infrared simulation of the ap-

proximate negligible,so the three kinds of turbulence model are suitable for tail nozzle inner wall surface temperature

field simulation. And it can better simulate the effect of aerodynamic heating on the temperature field of the vehicle.

The model is more accurate and more suitable for the simulation of the flow field of the aircraft, which can better simu-

late the effect of aerodynamic heating on the temperature field of the aircraft.

Keywords : Standard k-& model ; SST k-& model ;S-A model ; air vehicle ;temperature field simulation
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Fig. 1 3D geometric modeling drawing of aircraft
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Fig. 2 Grid division diagram of aircraft body
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Tab. 1 Numerical simulation results of aircraft temperature at different flight mach numbers

Te ¢ f
Flight Turbulence elTlperature ° Skin maximum Skin minimum Skin average Skin theoretical .
. the inner wall of Relative error
altitude/km model . temperature/K temperature/K temperature/K | temperature/K
the tail nozzle/K
SST k-& 1095. 927 239.9547 213. 4986 234. 6703 226. 4395 0. 036349
0.5 k-& 1073. 289 242. 8988 214. 6635 234.3552 226. 4395 0. 034957
S-A 1076. 114 246. 4213 215. 9526 234. 881 226. 4395 0. 037279
SSTk - & 1095. 967 269. 0884 202. 8935 247.011 241. 1651 0. 02424
0.8 k-& 1073. 289 276. 8752 201. 6586 246. 5994 241. 1651 0. 022534
S-A 1075. 119 271.9124 205.7018 248. 0998 241. 1651 0. 028755
SST k-& 1095. 984 275.3244 208. 5716 259. 5711 254.758 0. 018893
1.0 k-& 1073. 299 277. 6282 208. 9515 258. 8776 254.758 0.016171
S-A 1075. 121 276. 2738 211.3527 260. 8376 254.758 0. 023864
SST k-& 1096. 024 356. 0583 217. 1857 314. 5885 313. 6604 0. 002959
1.6 k-& 1073. 277 342.722 232.5212 313.7202 313. 6604 0. 000191
S-A 1075. 139 349. 0742 232.9187 314. 9396 313. 6604 0. 004078
SST k-& 1096. 024 409. 5112 254.5274 365.73 364. 56 0. 003209
2.0 k-& 1073. 277 402. 2105 270. 9422 364. 2699 364. 56 0. 000769
S-A 1075. 139 407.7874 269. 7474 366. 2426 364. 56 0. 004615
£2 FRYTEETYVTHREBEKEHELER
Tab. 2 Numerical simulation results of aircraft temperature at different flight altitudes
Temperature of
Flight Turbulence .Pmpelature © Skin maximum Skin minimum Skin average Skin Theoretical .
. the inner wall of the Relative error
altitude/km model . temperature/K temperature/K temperature/K | temperature/K
tail nozzle/K
SSTk - & 1095. 292 330. 8729 286. 7166 323.286 320. 2383 0. 009517
0 k-¢ 1073. 106 330. 3103 286. 1657 323. 0832 320. 2383 0. 008884
S-A 1074. 444 334. 6608 287.9343 323.9836 320. 2383 0. 011695
SSTk - & 1095. 748 284.3284 236. 0748 275. 8308 276. 9509 0. 004044
6 k-¢ 1073. 185 286. 9949 244.7011 275. 966 276. 9509 0. 003556
S-A 1074. 945 285. 5307 238. 646 275.4843 276. 9509 0. 005296
SSTk - & 1095. 967 269. 0884 202. 8935 247.011 241. 1651 0. 02424
11 k-¢ 1073. 289 276. 8752 201. 6586 246. 5994 241. 1651 0. 022534
S-A 1075. 119 271.9124 202. 5018 248. 0998 241. 1651 0. 028755
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Fig. 6 Ma =1 temperature field distribution diagram of aircraft skin

K]

Static Temperature
3.43x10%
3.32x10?
3.21x102
3.10x10?
2.99x10?
2.88x10?
2.77x10?
2.66x10?
2.55x10?
2.44x10*
2.33x10?

K]
K7 Ma=1.6 WAT4R5 SO oA 14

Fig. 7 Ma =1. 6 temperature field distribution diagram of aircraft skin
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