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Parametric optimization method of optoelectronic air-cooling
system on loitering missile
LI Zhi, ZHU Lei, LIU Hu, LI Jiajia, ZHANG Heng, ZHANG Guiwei
(Xi'an Institute of Applied Optics, Xi'an 710065, China)
Abstract: With the development of the loitering missile weapon system, the requirements of miniaturization,
multi-function and high integration of the optoelectronic load on the loitering missile are getting higher and
higher, and the accompanying heat dissipation problem is becoming increasingly prominent. In order to solve
the problem of poor heat dissipation performance of the optoelectronic system on loitering missile, an
optimization design method of air-cooling system based on parametric modeling was established. The
designable parameters of the air-cooling system were firstly determined, then the several groups of sample
points based on the Latin hypercube sampling method were selected, and the output response of each sample
point corresponding to the input parameters through ICEPAK simulation calculation was obtained, thereby
establishing the air-cooling radiator Kriging proxy model. Then, based on the proxy model, the adaptive
simulation annealing (ASA) algorithm was used to optimize the air-cooling system. Finally, the optimization
results were substituted into the thermal simulation model to verify its accuracy. Taking a small missile-borne

optoelectronic system as an example, the thermal simulation analysis of the air-cooling radiator under
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empirical design was carried out to optimize the temperature minimization of heat source chip. The results

show that compared with the empirical design, the optimized air-cooling radiator can reduce the temperature

rise of the heat source by 28.5%, which effectively improves the heat dissipation level of the missile-borne

optoelectronic system, and meets the requirements of system design.

Key words: optoelectronic system on loitering missile; air-cooling radiator; parameterization; Kriging proxy

model; optimal design
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Fig. 1 Structure of missile-borne photoelectric system
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Fig. 3 Structural parameters of air-cooling system
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Table 1 Definition of structural parameters of air-cooling
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Table 2 Chip temperature under different grid number

assembly LI KM 4% R~ /mm PR IR/
8 302 410 83.13
7 327913 81.3
6 392 988 78.93
5 445 400 80.01
4 644 691 79.9
3 905 719 79.31

3 3 6 AT AL, A e K RST R 4 mm B, 5
AFAR R 2H 52 50 (4 3153 25 Rl 22 81 7E 0.7 °C AN, M)
¥ TC MRS LABRIE, 2 5 A7 Hh assembly 4 &
i KA RST 428 4 mm.

T 2 B BT By A0 L BT B EL A R
K5~ 7 Fros o 5 S R EE o0 A = A, 1B 6
R AT IR, T T SR 2T R A T A L B
LIPS

A/ °C

79.900 0
76.787 5
73.6750
70.562 5
67.450 0
64.3375
61.2250
58.112°5
55.000 0

BS5 #irmfEadmaEzE
Fig. 5 Cross section temperature cloud image of missile-

borne photoelectric load

Eeo WmHHM
Fig. 6 Flow field distribution image

REErC

E7 BHEESHZE
Fig. 7 Component temperature distribution cloud image

P ELAE R, KU U AT LR R 5
F8 R B A 3t 3] ) L 2 v D' v 28 AT A T L
SATEINA) o AEBITHGEARGEE LT, RE0™
THEAR, th %/ B SR BOL AL 3 R/, R 88T
2 7 v 7 A B R R 27 28 58 A9 il BE 23 A JF AN
2R FRWC A RGNERE, Ik, A E 2k
Il AR THE B T 04T



REFDES 2025,46(3) 7% B, 4 R CREDEH KRS BEA R B S B AL B 5T .« 567

4 N2 RGEHEN
4.1 W TR FHEF
S LA R B R ECHRCR W R R IR 2, X T
AR AT 4 R 520 43 B 5 2 R i I () A
$L TS T R SR — B N Z 0 S5 A rh UL B
BLAHAE A 7 3, 8 2 R A 728 it 9 BB 6L 3 4
AR R DXCTH], I AE BEAS X TE) N 3 51 R, B DR R A
SUTE A AR & 1 SR AE DX [R] N 35 4 A, LA /D i
NGS = IR B N (A i B = A A R
e LIRS B
T80 e 1) o RN AR AL R R /NASTR], 77
BIXT T A AR U IR T 0 — b B, B

xi_jémin
(7)

Oxi= 7 ~
Xmax — Xmin

Kb x, b x AR AR § D ORFE A L E; X NS
TR 0 BRI R 728 B SRAE S 9 B K
{E; o AR i AN RABE LAY x 2R R H— Ak 5 A BUE
H—EZR DN R, « ou. o oy, g, 8 XK
¥R [0,1]0 MAFTE n S B, Isight PR R T
ST 7 SRAE IR AR B RE A SN B, R AR TR 4 5
O3 2(nH1)(n+2) B 7E, TR I A S0k B 84 A R A
R AR B 3 AN AR A B R AT 25 0] 43 A 1
UL AR 8 B . L 8 WA, BTk AR AR A AR R
FE2S (8] P 1) 53 A7 35 S ML

o Q
(a) R-N-a A s &

(b) l-H-a 3 A i 1
B8 HARSHi~E

Fig. 8 Scatter diagram of sample point distribution

42 REESH

X LA b 3R I 84 AR AE 543 i 2R A T HUE 5 .
TR, 15 B R] 2 80T B R g% sl 1Y 5 s
R o K 5 S i AR i, 00 b T AR
H0 e 7 38 o R BHRE 43 B AT AR AT 45 A R X
LI w7 %) 5 ) G FR , T R S 5 e HCHA R G PR e
IBURAZR . Geit2erh )1z R H Pareto 75537 i
PRLXGT 45 5 %) DTk 58, DA T A o 5 o 3t P 5 45 2R 1Y)
AHEFEE . A SCHT Pareto o1 Wk 18 20 A $AVIE L B
XA 2R R R AR AR, 20 AT AL 70 R K,
THE L T Pareto DT R 19 S 80 R R, &l 9
i

PATIISES

‘|
0

-50 40 30 20 -10
XHIRBERIFEN 5 H/%

9 Pareto TTEK{E

Fig. 9 Pareto contribution values

H &9 AT RN, B8 R i B HORT IR P E 5 e B
WY, T R a B RS SR, IR St
Tl DL R R a fE N EME, W a=1 mm, ~& 5
RS

A BT N T 04 )R A R AR, FTAEE
A SRR S LA b S ALY, A HT H AR A
SAM R BTN 1Y 42 R e A
43 KRR RZEMUEE

FRAE AV 2R GE B BT EEK, A SC LU B i
AR H AR R, DL 048 S T2 BRI B
A S BBUE X ] Ry 299, 7 KOS B R ge il d
B, R

min : T(H,l,N,R)

st1<H<II

0<I<4 (8)
S<KN<4

6000 <R < 12000

Ry S IR EE S Ve R G2 2 R 2 T Y
NG FR, A W RS S HBI AL . Kriging 1
RUJE R T M S5 48 127 (0 AR AL Jy 0k, 36 o 4 1
MG BB T 2 A R B . AR B R b, R



. 568 - o]

55 46 4 5 3 4

y(x) =B +2(x) (9)
s B H R ARy BB B, it 2 AR
Wi 7 A BEAT A s 200 ¥ {E 2 0, J7 22 0 o By i

Y e 2 ARG SR Dy 8RR A i SO (B ) 2
L, RIS y () B A THELD () ol T IA eR AR 78

$(x) = Zwiyi (10)
i=1

Kby 8B AREA SRR w AL R,
T R R, Kriging A5 738 5o F- #6541
w BT AR AR Y

TEC A 84 MHEA & B 70 N REA AR A5
RIVNGRER, 5350 14 MEN RIS, RIS AR A
A7 AR SR TR F50 0 (L 5 5 B 179 152 22 43T, &L 10
i, B 10 Rk AR R BN 5 S bR A AH A5 A
RIS IR ZEG AT EEINE 3 iR, WEITTLUE
Hh, ARSI ALV A B R v, B TE T R AR A v
B A 35

74

72
72 74 76 78 80 82 84 86
TR /°C

10 HETNESEEREIREXTLE
Fig. 10 Comparison of errors between model predicted

values and actual values

R3 FitiRE

Table 3 Statistical errors

Gtz BREE
PR 0.058 82
RIRZE 0.107 43

YRz 0.068 87
R2 iR 0.939 72

BT A F Kriging fR B RS, i3 ASA H &
BEABL R AR X A5 Y R A7 A Ak kAR, Pk i A v
H b5 s B A 2 a0 18 11 s, I —Ak 28 Ak
SZERNEE 4 FiR .

R/ C
>

73

72

0 10 20 30 40 50 60 70 80
AR

11 7 i ik A e S e 2%

Fig. 11 Chip temperature iterative convergence curve

x4 MUER
Table 4 Optimized results
oH Lot ON OR 7/°C
0.777 14 0.824 95 0.830 11 0.783 33 72.689

W22 4 th A —4L 5 1 o NEE I TR R, 15
AL L5 R K . H=8.77 mm, [=3.3 mm, N=12 />, R=
10700 rpm, % H WA 7=72.689 C..

W DA b B0 A A 3 280 L 28 A FA ) AR AR o
HEAT R, 75 BRI R G A J5 i 5548 0 L 28 AT
TS, W 12 B .

iiJE/°C

72.837 4
70.607 7
68378 1
66.148 4
63.918 7
61.689 0
59.459 4
57.2297
55.000 0

12 EFREETTHEEtRAFTEERE
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