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Fig.2 (a) 2D model; (b) 3D model; (c) Meshing of 3D model
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density with altitudes
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2.5 SHAFRFFBHREEITITE
TR AR Bl 5 A AT LA S 'R 6 AE PR s ] 6 AR
) PR —FR R, HE RUE AR 3) Fis:
(VS) =n? 3)
R T HERRL IR, WA 3) TERR AL, A
= (4):
2VS -VVS =2nVn 4)
T SUE AR K . AR Q) e
3, A= (5). (6) Fin:
dr

-—=VS§ 5
n )
d dy; 0 dr

G524 o ds ©

BAAZ (5). (6), 5 (4) ATFEALRLA S (7):
d

—VS =Vn (7
ds
P A (5) XSk FEL, IFHAR (7) B RIEL |
4383 (8):
d dr
R (n 5) =Vn ®)

A SAOLERAERE AR BRI » LR R A ny
P2 Vo b 2B

O (8) FER TR L 2 B A i A gk 1), 3
FUNRBUETT 15, I RO L AL DLl A2 B
R 2k, A e DB B0 R al LR A it b otk
J7 RE BT AR o X IR A 200 1o FA T 0 e AT
18I, WA BARITIE | BRBLE LA R Je i — e 3 ik

20220671-3



ISk A2

%54

www.irla.cn

5o L DU B e b — PR SR A B v, O i
PO R R AR S A T B 8

AR JLAT 2 S, SR FH G483 1 A X2k
TEG2 1 1 A i it 3 i A i AT . 7E04iE
R, G S AL 4% D il (438 38 FR A E A1 3E I 5 2
FHVE I, 335 45 YR AL R J7 10 3B BB Oy B )38 508 SC
Hh R FH R 1) SR 00 7 vk, R 38 8 1) A5 1R A T
P, 2 1] 36 320 1 ¢ 0 bR — > 457 1 3 30 7 D) >F A
SE , M EEIE A5 1k A T 0 R, D IME S IE 1) 3B
EEHE A T 2R

B2 1) Y38 745 1k HEN AT B A (9) 5 L

[y —ns| <6.g=0,1,-,m Q)

A, W p+ @B I TS 3R 24 o
TIP3 o — MR/ N IE B, 8 F B0~ moh i
HNE I A E, 1E A Em A U i 628 i 4 4 i L
B AstheE, — MUk [0.003/As] + 19,

3 EWiRITMERSH

31 ¥THR5BHRZHEMNEHXR

KAT#F (Missile) 5 HFr (Target) 14 = 4% 12 50
JUISEZRANIEL 3 froR o He XYZ e ebm &%, A7
T AT AR UG AL S, X RhE J5 19 /AT I, 0 A
PR AT AR B A, UK RATAR I BT A (Line
of Sight Angle, LOS angle), & H#5r%8 X fliliEF: 5 5
X b B e A e 1 1A A, AR AT AR IR e A
(Line of Sight Roll Angle, LOSR angle)"'*",

Y
r ey 1ATEEL
Y
Missile = ; —;X
o ™

K3 ’ATasS HARR) = 4EARXTZ 3 5
Fig.3 Three-dimensional relative motion relationship between the

missile and the target
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Tab.2 Range of flight parameters calculated by

simulation
Flight parameters Range Interval
Altitude 0-25/km 5
Mach number 0.5-3 0.5
AOA 0-15/(°) 1
LOSR angle/(°) 5
LOS angle/(°) 35
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Tab.3 Flight condition

Altitude/ Mach AOA/ LOSR LOS

Sample km number/Ma ©) angle/(°)  angle/(°)
1 5
1.5
2 10
3 2 0
0-25 5 35
4 1.5
5 2 0-15
6 3
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Fig.4 Average flow field density distribution in the head of the vehicle

at different altitudes (Sample 1)
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Fig.5 Average flow field density distribution in the head of the vehicle

at different altitudes (Sample 2)
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Fig.6 Refractive index distributions of backward ray tracing at different

altitudes (Sample 3)
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Fig.7 Aero-optics imaging deviation (Sample 4)
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Fig.8 Aero-optics imaging deviation slope (Sample 4)
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_/| i
- =
4
v
o —
4 s =
e e
& =
p: R
Vi . S
X107/ e
E 024 P ; : /
g b e 0
2 —0.4 e
g =
= —0.6 '
e ot
'§ —0.8 -
o
-1.0 T T T
0 5 10 15
Altitude/km

10 SEe G s A% (Sample 5)

Fig.10 Aero-optics imaging deviation slope (Sample 5)

20220671-6



s Gk A2

www.irla.cn

% 52 %

x107
1.6

..............

/m
—
~

E

o
oo
1

deviation
=)
1

...............

T T T T T T T T T T T T T ‘25
23456789101112131415
AOA/(°)

o
)

B 11 KB4 A (Sample 6)

Fig.11 Aero-optics imaging deviation (Sample 6)
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Fig.12 Aero-optics imaging deviation slope (Sample 6)
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Influence of different altitudes on deviation of aero-optics
imaging of 0°-15° angle of attack
Xu Liang', Wang Luyang', Wan Ziming?, Zhao Shiwei', Zhou Liye', Wang Tao®’
(1. Tianjin Key Laboratory of Complex Control Theory and Application, School of Electronic Engineering and Automation,
Tianjin University of Technology, Tianjin 300384, China;
2. Beijing Institute of General Electronics Engineering, Beijing 100039, China;
3. School of Intelligent Engineering, Sun Yat-sen University, Shenzhen 518107, China)
Abstract:

Objective Driven by military applications, the new generation of precision-guided weapons continues to develop
toward improved guidance and strike accuracy. Imaging deviation is an important indicator of the aero-optics
effect, which portrays the deflection effect of the aero-optics flow field on light propagation. The study of the
imaging deviation of aero-optics can improve the guidance and strike accuracy of aircraft and provide support for
the development of high-end military equipment in China, so it is necessary to conduct an in-depth study of its
related problems.

Methods A typical blunt-headed vehicle was modeled and meshed using software (Fig.2) and a large number of
flow field calculations were made based on the computational fluid dynamics software Fluent to obtain the flow
field density around the vehicle under different operating conditions (Fig.5). The corresponding refractive index
distribution was obtained by the correspondence between density and refractive index. The light transmission
equation was solved using the fourth-order Runge-Kutta method, and the imaging deviation data were obtained
using the inverse ray tracing method and the stopping criterion.

Results and Discussions The analysis of the refractive index distribution at different altitudes in the reverse light

tracing (Fig.6) shows that the refractive index increases and then decreases along the propagation path as the light
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enters the aerodynamic optical flow field. The light tracing starts from the starting point inside the window, and
the refractive index increases and then decreases against the direction of light incidence through the non-uniform
flow field and finally reaches the free flow refractive index decreases until the end of the tracing. The refractive
index of the non-uniform flow field near the optical window decreases with increasing altitude, and although the
refractive index distribution of the light propagation path at different altitudes has the same trend, it has a different
degree of change. As the altitude increases, the refractive index distribution on the light propagation path becomes
flatter and the imaging shift becomes smaller (Fig.7, Fig.9, and Fig.11). Within 0-25 km, the slope of the imaging
deviation increases in the negative direction of 0 as the angle of attack increases, indicating that a larger change in
angle of attack results in a larger imaging deviation. The slope of 0° angle of attack is closer to 0 for the same
altitude condition, which indicates that 0° angle of attack is the least sensitive to changes in deviation values. Also
as the altitude increases, the slope of the deviation at the same angle of attack gradually approaches 0 in the
negative direction of 0, which also indicates that a change in lower altitude causes a larger imaging deviation
(Fig.8, Fig.10, and Fig.12).

Conclusions The effect of different altitudes of 0°-15° angle of attack on the aero-optical imaging deviation of the
blunt-headed vehicle was investigated. The computational analysis of the imaging deviation for every 1° angle of
attack in the 0°-15° range was carried out one by one. The results of the study show that as the altitude increases,
the refractive index distribution of the light propagation path at different altitudes becomes flatter and the imaging
deviation value becomes smaller. As the angle of attack increases, the refractive index distribution on the light
propagation path becomes more uneven, and thus the imaging deviation increases. The slope of the imaging
deviation approaches 0 at higher altitudes and increases in the negative direction of 0 at larger angles of attack.
This indicates that the imaging deviation value will show a large variation at low altitudes and a large angle of
attack. The results show that the effect of a high Mach number at 25 km on the imaging deviation is greater than
that of atmospheric density, and this result is going to be analyzed in the future in a comprehensive analysis of the
results of high Mach number calculations for more different operating conditions, and then to explore the
influence of related factors on practical applications. The results are expected to give a reference for theoretical

calculations for the integrated design of flight altitude, velocity, and imaging attitude of infrared-guided vehicles.
Key words: aero-optics;  sighterror;  angle of attack;  imaging deviation
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