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Simulation of Air Vehicle Motion Control Models and Infrared Images
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Abstract: The generation of infrared (IR) images of air vehicles in real time during flight is very important
for research on the IR characteristics of air vehicles. The velocity, altitude, and attitude of air vehicles vary
during flight. Moreover, the air vehicle body is affected by environmental and background radiation. Hence,
it is very difficult to obtain an accurate temperature distribution of the air vehicle body. Because the
temperature distribution is related to the state of motion, control models that determine the attitude and
velocity are established, along with the surface heat balance equations. The adiabatic wall temperature
distribution is solved by computational fluid dynamics, and simplified altitude algorithms are obtained.
Finally, IR images of the air vehicle in different bands and at different altitudes and velocities are simulated.
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THERAR 7% (Computational Fluid Dynamics. CFD)
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Fig.5 Diathermal wall temperature distribution diagram of F-22
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6 ANIEI N IR L R B S AT Fig.6 Diathermal wall temperature distribution at different altitudes

(@) h=3km, HliAk & (b) h=3km, HLIE TR
(a) Upper surface of air vehicle at h=3 km (b) Lower surface of air vehicle h=3 km

(c) h=8km, ¥k - (d) h=8km, MLk R
(c) Upper surface of air vehicle at h=8km  (d) Lower surface of air vehicle at h=8km

(e) h=13km, Mtk 3K (f) h=13km, HLI&TFEH
(e) Upper surface of air vehicle at h=13km  (f) Lower surface of air vehicle at h=13km
K7 #mEETa M2 mE (Ma=0.6)
Fig.7 & distribution diagram at different altitudes (Ma=0.6)

867



a2 FHoW
2020 49 H

04 R
Infrared Technology Sep. 2020

Vol.42 No.9

(@ h=3km, Hlik L&

(a) Upper surface of air vehicle at h=3 km

(c) h=8km, HLi&k LK

(c) Upper surface of air vehicle at h=8km

(b) h=3km, NI TRMH
(b) Lower surface of air vehicle at h=3 km
18

(b) h=8km, WL T2

(d) Lower surface of air vehicle at h=8km

(e) h=13km, MLk -FKH
(e) Upper surface of air vehicle at h=13 km

K8 HmE Fan M0 (Ma=15)  Fig.8

FHE 7 0P 8 AT, 4 RAT AR 0.6 I, 4
SR ZE an i MEAZEB/NT LK 24 AT S50 1.5 B,
AR ZE ani WE SN T 45 K, HRAUEEN 3
km B, S THIRL 1R Zai KT 3 K, HAR
St R A E /N T 1.8 Ko IR 9 A4, KAT & EAE 10km
BT R 2 ), AT R BRI AT 20 km B, 22
RO, EERR RN . R A R (14) I fEik
AT AT B 2 ARG RS 25 RO, REREN 2
THERE FE R

4 HUELIIMESIEIRTGE
868

() h=13km, L&k FERIH
(f) Lower surface of air vehicle at h=13km

&n,; distribution diagram at different altitudes (Ma=1.5)

AAQ=0, A (5) M KAT % il 4 B R R
CFD &R, TIPSR ATHR S AT IR | 1
FE, M2 CATBHE AT T2 A L 40 A1 45
AHMNH VC++1EF, 5B OpenGL 4 & T A 4|
KAT B ML AMNE S B

W F-22 KK ®AT, ©ATEHECN 0.6, ®AT
5V AW A 6 ="5°, TR B IIAE A &p=0°-
Sp=0°, WIFHAEANFSEE FIsrEEG R 10 Frx.

W F-22 YHLK®AT, RAT SO 1.0. KAT
VR NCAR A 6 =3°, RN R 3K E IR A 6 =0°+



F42% FEoW
2020 £ 9 H

K 55 SR A TRAT SRIE Bl B R L1 N A R 1)

Vol.42 No.9
Sep. 2020

So=0°, WIHAEANFEEEZ T sME G R 11 fros.
W F-16 Y©HLKS- K47, AT SN 0.6 B, °F
FERE W A Sp=T7°, AN EIE FIRE A =0 &
=0° RATSHECH 1.0 B, “FRAEHAS=4°, TE
AN B B AIRE I A Sjp=0° Sp=0°, NIFLAEAIH =
NHILLANENR AT B A R a1 12 A 13 s
A 10~ K 13 BI45 JEE Rl H, KATRSLL A A

absolute errors (K)

. L . ! L . L
0 2 4 5 3 10 12 14 16 18 20
A (km)

(a) Ma=0.6
B9 2fonk i 72 e KA B i AR U HH 25

GRS AT RN B TR, BEE KT
fIXE I IEAn, RN 8~12 pm i B A R = B
BT 3~5 um BB SRR Y s R R A I LA
UL R, MRS IR R . X R AR R R I
PiELEE TR, F-22 CHL L0 Ah 4 S 5 B R OK T F—
16, XZHT XTI EARFEE F-22 KHLESRZ,
H F-22 KWW S 5 AR T F-16 ArsL.

8.1

72
63+
¥4
:54— N
§115 \\*
5 \
£ 38 , J
E] ¥
g 27 \ ]
k= % re
. \ _
09 \\* )
. .
0 L L L ?\A—M"u/# | L |
0 2 4 & 8 10 12 14 1 18 2
A (km)
(b) Ma=15

Fig.9 Maximal absolute error vary with altitude

(@ h=1km, 8-12um

(b) h=1km, 3-5um

(c) h=8km, 8-12 um
K10 F-22 a4MESEE (Ma=0.6)

(d) h=8km, 3-5um
Fig.10 IR radiation image of F-22 at 0.6Ma
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(@ h=1km, 8-12um (b) h=1km, 3-5um
(c) h=8km, 8-12um (d) h=8km, 3-5um

Bl11 F-22 a4MeER (Ma=1.0)
Fig.11 IR radiation image of F-22 at 1.0 Ma

(@ h=21km, 8-12 um (b) h=1km, 3-5um
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(c) h=8km, 8-12 um (d) h=8km, 3-5um
K12 F-16 ZL5MEM ER (Ma=0.6)
Fig.12 IR radiation image of F-16 at 0.6 Ma
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(@ h=1km, 8-12um (b) h=1km, 3-5um
(c) h=8km, 8-12 um (d) h=8km, 3-5um

K13 F-16 Z4MEH B (Ma=1.0)
Fig.13 IR radiation image of F-16 at 1.0 Ma
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