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Simulation analysis of detecting capability of infrared

system for fight plane

WANG Liang, TONG Zhongcheng™ , WU Jun
(College of Electronic Engineering, National University of Defense Technology, Hefei 230037, China)

Abstract: After establishing the infrared radiation ellipsoid modal of plume, the way for calculating IR ( infrared radiation) of the fight plane

was improved and the space distribution curve of IR in the 3 ~5 pum band of a certain type of fight plane was obtained. The curve showed that there

were four directions which had the same maximum IR at the plane nose and the plane rear. Considering the IR absorption of O; in the 3 ~5 um

band, the IR transmitting obstruction by the ground and the detecting object in outer atmosphere. The IR atmosphere transmitted model in the

3 ~5 pm band was further improved with the concept of the IR transmission distance in the atmosphere. Taking the infrared system constructed by

two kinds of infrared detectors with different normalized detection degrees as an example, the curve of the operating distance to fight plane varying

with the detection direction was simulated. The calculation results show that the extreme value of the operating distance for the infrared system to the

fight plane is not in the direction of the extreme value for the IR of the fight plane, and when the operating distance of the system is long, the

influence of atmospheric attenuation on the operating distance will exceed the influence of the IR of the fight plane.

Keywords: fight plane; infrared radiation; ellipsoid model; atmosphere transmission; operating distance
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Fig.1 IR model of plume

11,1 RW%iBE
(1) Fase X
s R PR T A
P
TZ:Tl(F?) (1)

A, T RS, T, Sy MG AE e 1 Ab T

&, P, M NI RIS T, Py KR X
RIEST, v AR E R R AE A IAA
ZH.

() RATRE

R A DRI 20 0 A 0 A [R] A il
,lexyﬂnlzl 2 EPE,:J Ay ,ay,° 50,0

K2 RIGIES XM R
Fig.2 TR model of plume mixing zone

Ba,,ay, a0, REHIIHN S, ,S,, .S,
FLIATE FEIALT A1 S5 0 A0 1] 4% 3 T 3 B2 A ),
BT, Ty, Tyo B n A A 83 K 72 i A
FEIE AR R 4, Rl D, R S, e
‘llx‘% € 7‘7:

L+ )

" 2(L2 +LO)

S, :%-Df +%-Dn « (L, +1,)arcsin(e,) /e, — S’

(L +L)’ - (D,/2)°
€ = L, +1L,

(2)

NG =% - D} +% * D, + L, + arcsin(e, ) /e,

VLo - (D,/2)°
elzL—o
(3)

Horpr, S' IR 2 R TR A BT AR

T DX T AT Lo ey A

%:%-m+§-m-g

JI = (D,/2)

L,

- arcsin(e, ) /e,

€, =

(4)
Ba, SEEXKEZEN AT, a5 a; Bl
220 AT, A

AT, =S, + AT/S,
n-1

T, =T, - (AT + Y AT) (5)
1

TII=T3

o T O T M AR R L, T, 2 kAL



%5 4

E5E, 5 LLANR GO BRI PR RE 11 1 5B + 101 -

JITFE i JE B AR
1.1.2 RIGH &4 mAR
R X IR I 5 1 s s T AR oy

AO=%-DP-L, + cosf (6)

S5 n ARG B AL R T i 1 B

Alz[%'Dl ‘(Lo+ll)_%'DP'(L0+L1)]C059 n=l
o m
A= 3D o tl) =g oDy g+, ) et 01

(7)
A, 0 B ST HA L S RN T e A
1.2 EmEAL5MES
FEME I n] 7 BORAR , FE T AR T 17 1) 45
A

A, = %Df,cose s

2
(8)

%<6<1’rﬁ—’n‘<0< -

1.3 REOIMNES
eI Y 2l e o R
T =T, (1+0.164V*) (9)
Horp T RS2 BRI , V o RBLI R
BOMUAARSE Bz T RRAH S5, 24958 A, DI 52 Bz e 4%
5 1) B TR
A, = A cosf (10)
T HAECHLEE B ALK 52 e FaRTHI S
I RIS BRI 11 52 BRI 52 B2 O LLA M o
1.4 RHGESRE
ERAILISE K A6 DL SRR 8 1 1] LA AR
A SRR, FIE TATI A 53 AR
S T AR AR LR, 0TI AR 3 S Y A
SN
I(AT) = Y e, ~A - M(AT,) +
gp *Ap - M(A,T,) ~exp(—u-r)
(11)
A1) T AR R T 171 21 A0 4 S 1 5 Bl
RPN e, A, R T, SR RGBS
FRE TG B 5T 1 21 A0 J 38 38 A S804 St T AR R
T, M(A,T,) 8 B e e T, e 9 REIE HAY 2L
HNE SR R RIS S D R B r A
PR Ty ) b e W 1 A e S AE R A Y 1%
Higg,
r=(L, +Ly) + (1 =¢})/(1 —e,cosh) (12)

2 ERILSMNRSTE B

AR AT, il 17 B, e LA
SRS A 3 FrR

B IAEGENEEE -
C amen W |wEse| nsSe | e |

O FRERETRE

sREsE: 05
BOkgtE: [08s
FeEgmaE: 105 (EA
MESEEL: B (FER
PAEEED: |5 (R
FoAmOEE: 05 o
WHAEOEE: 08 o
ke [z oo
ElagE: 18 o
EireEREE: 15 oo
RlRRaREE: 4 oo
EiasgiE: 05

EOgRE:  [65 03

o IESHEM

we | s |

digSavel

B3 HOHLLLAMR STy F T3 S e

Fig.3 Interface of IR calculation procedure for fight plane
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Fig.4 IR space distribution figure of the fight plane

3 ASRGIEMEEEDR

3.1 ONKRERBERE
AR FAM (W F) BRI, L0 5t
KRAGELTER
7(A) =71()\) * Tz(/\> : 73()\) * 74(/\)
(13)
Hop, 70(0) v (A) 3 (M) F 7y (A) 435108 H,0
WL, CO, 73T MR, Oy 73 F IR R 731
N o AN N I N S NI WD - 1
ﬁ;}z[ﬁﬂ,mo
3.1.1 H,0 #5RkKk
H,0 /KI5 & i E B2 AR MR
JERIFZI R, H,0 E"J%ﬁ%L%ﬁFﬁTKéﬁ%ﬁ w
FR
w=w,*D-H (14)
D KA R RS  H, AR ; 0, RR
TE—EWE T, 25 AR B 100% B B Tk
IV KPR ) AT AT R 7K, B R0 32 i
AE ARG H] . K o J5 AT DO E G 5
T AR RAT BN T A [R] K 28 B o g 1 R
BEE (L),
2 LB AALH 53 R 7KV i VR A i 7
LR B R (14) B IE R .

0. =0y D+ H, - exp( ~a]) e

0.0, -1, - 2L m e Cmat)
[0 COsQ

(15)

B, o, MEIEJG AT REK 5, H oK SVAL i =
FEH, HIRM ARG B Hy, W EPREE, o AR
Tiffi

3.1.2 CO, 8K

CO, FERTH IS EAMERE , th CO, 1AL



%5 4

E5E, 5 LLANR GO BRI PR RE 11 1 5B + 103 -

AR ST A 5 R AL R, U CO, I
ORI 4 S i B ok

D, =D - exp( -BH) IKPAL i
exp( —BH,) —exp( —BH,
p, =B Z OB e
(16)

Hrp, D, MEIE G SRR S, B N H Ak, ILAh,
CO, M RAT- 2438 1o K] DL A i) 3 i 0 2 5%
153,
3.1.3 0, 8930k

FUAAE3 ~5 pm BN, FEIE 4,75 um I
ey o BE -T2 10 ~ 30 km, O WU HY 32
WAE 5 KR A CO, AR, R BEM 10 ~ 30 km
£ 40 ~ 50 km, O, W Wit iy g 3k A FH 55 7K 35 A €O,
FR . MODTRAN #4144 O, e B it Kl
Qb 3 ~5 wm P BOEIEE R AR O, ¥k
JE Bt 15 B AR AR 1Y Elterman #5270 44 #2505 (16)
()28 ORI AF AL i BE 5
D, =D+ expl ~y(H-H,)]
D, =D~ expl ~y(H, ~H)]
D, :eXP[ -y(H, -H,) ] -exp[ -y(H, -H,)]

Y * cosat
D _exp[ ‘Y(Ho ‘Hzﬂ —exp[ _7<Ho -H, ”
e Y * cosa

D _eXP[ -y(H, -H,)] +exp[ -y(H, -H,)]
e Y * cosq

kP E H=H,
Tk H <H,

[ 1, >H, >H,

MG ELH, <H, <H,

IS LB, = H, >,

(17)
b,y R TSR AN [R) I A5 1) 5
A R B e A 0 A R AN — By, Ly B
TEARA SUE R B O A I ke
3.1.4 KA
KA FEOR R BE IR

p(0) =R (2] (18)
A (A K ACHOH RV, Bk AL g
RIEERT 1)
1.6 V, =80 km
q= 1.3 6 km <V, <80 km (19)
0.585V" V. <6 km
K S B B34
7 (1) =ewpl -u(X) + D] (20)

3.2 RSHMEHES

ZLAN R G HARIN, 523t TR, 75 S 45
M5 1) b LM ST BARR L S PR/ RGN
VEFBER . LA R SR TR B 2 6 R, Ul m]
REAE R UZSMEIN E H A5, U H AR 205N 5 7E

KA ERIE R /N TN R G R Hbr e,
WEs R

90°

.y

_ I
BT - _f
/ |
/ l
l
)
O
|

T A

KI5 ZDAME S TE R i L i g

Fig.5 The atmosphere transmission distance of IR
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