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Phase change thermal control design and verification of focal
plane in aerial camera
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Focal plane in aerial plane, which has strict temperature requirement, is an important component
in airborne electronic devices. The quality imaging of focal plane will fall off due to thermal noise and dark
current generated during its working process. The characteristic of thermal design for focal plane in aerial
camera was discussed and analyzed. Phase change system encapsulating phase change material was adopted
to eliminate heat. According to the design feature and heat transfer path in focal plane, thermal design
scheme of component was given. Thermal equilibrium equation and numerical analysis model of the heat
transfer in focal plane were established by finite element analysis method. Based on the given temperature
boundary condition, transient-state thermal analysis of component was carried out through IDEAS-TMG,
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which was a finite element thermal analysis software. The thermal response performance of focal plane was

given. Thermal analysis results show that the operating temperature range of focal plane and radiator are

18-31.1 C and 18-28.2 C respectively. Simulation results obtained can meet the requirements of heat

control. Thermal design scheme based on phase change is verified through thermal test, and there is a well

consistency between the results derived from confirmatory test and numerical analysis. The maximum

deviation between thermal analysis and thermal test are all not exceeding 5%. The correctness of numerical

simulation and the validity of temperature prediction are verified. In thermal test, the operating temperature

range of focal plane and radiator are 18-32.3 C and 18-29.6 C respectively.

Key words: aerial camera; focal plane;

thermal analysis; thermal test
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Fig.1 Phase change thermal control system of focal plane in

aerial camera

1.1 EEAGREIEITEX

A 4R AR FE bR Ry 5~35 °C, H T AERE N
K RESE TAE, A& R EZEG W
M IR R A T A TR IR T A 2o e
VR BN ot 35 °C 5 — 2 R WA A 1 21 14 T
A 0 T Y T R %

YT AR A B R AR VA AR S5 R
2 B A N R T IO R A, T2 A T P i D R
— I, T R A S G T R RO A
BEL 638 AP 45 1T 24 070 AR R 5 — R A7 it 8 R A
it AR TR XA AR R B TR
1) AT L BRI R T, A AL A1 8 A T LA 152
e A B A B, X T4 R g o ik SR A
B ML 2R e S R A I ER R FHAE AR
WAARME Ry il b R B e 8, T LAAT RICBR ol £
T 2L A2 T A B0 0 %)k 8 23R oA A L e vy U
1.2 HHEHFRHERE

TR BRI R &5 s i A A8
RN EAT DL R R @, (1) 35 A B AR IR 5 (2) M
VGG (3) AEE T R ARG HE; (4)

K, K (5) BALIHRTAE L/ 5 (6) Z8VRE
05 (7) Js A FEE [ mT &8 HoWT 3 5 (8) W IR 4F 5 (9)
PG ; (10) 5 %5 s AU FE AR 25 5 (11) T 8E M
HoAth £ F 1% 5 (12) R 5K J1/1v 5 (13) MEREEE ol
HAT Ak,

SR E HATYERE AT &R R REFRARAE I AL,
PRI b 3 AH 8 B R A R e T A A B A 25 AR AL 9 4R
PEBOR A0 WS 2AH S bR R AT R A2 R B L B A
SV e AR SRR R R R L CE
T B A% A0 B S5 R L A B Y 28R ) B (220 TC
Ik 1217 Pa) , i JH R 32 5 Rl DY A= AR b 1) 7T RE 1
ZIN R BRAR A H - A iR AR AR R AR, T L
1 s A AR IR R g, R T A Y IR A 2R 0~
35 C, XI® N HHZE MBI NS B8 G F K,
TEBEIE w28 T IE T /N BE A S AH AR i 5 R 4 4
FEAREIE T\ EEERES B LR 1 T A
AL 7.5 W, TAE M ] 2 195 min, i 45 52 i AH
AR R /N D 325 g, AR Tl R AR B ORE R
T3 5 A 5 T AT HORAR 19 B 5 20

R 1IHETHBEFT/EETEHESH
Tab.1l Main parameters for PCM CygHg

Parameters Value

Molecular formula CigHas
Melting point/C 28.0

Latent heat of fusion/J-kg™ 2.43x10°
Density/kg - m- Solid: 814(27 C)
Heat conductivity/W - (m-K)* 0.1507
Specific heat/J- (kg-K)™ 2.16x10°
Melting expansibility Negligible
Supercooling Negligible

Consistency property Most of materials

Toxicity Nothingness

Remarks White crystal; used in lunar rover
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Fig.2 Thermal analytic model of focal plane in aerial camera
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Tab.2 Main parameters for materials

v -
Material ~ Emissivity: ea‘t. ~ Density: p Spec-l ¢
name o consuctivity: Jkg-m-3 heat: C
" MW - (m-K)? 13- (kg-K)*
A-alloy 0.8 140 2800 921
Titanium 0.8 8.8 4440 678
alloy
Thermal
conductive / 3.5 3100 1000
pad
Thermal
conductive / 1.5 2 600 1000
filler
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Fig.3 Power consumption curve of transient thermal analysis

WEA M R rf, 25 R 0 A 1 2 AR R IR 7
T — A5 B AEAR AL R AE LR L P I, 7R
PR RGP BE T, AHAL 32 HE 42 0% 5L B mT 4
FETE 18°C., Al 1 £ v 4 4 B A 225 1T ) 4R R
JERTE N 18 °C, [ h T A w4 B ks b
AHALPI S, DAL o HL T A B85 30 3 W) B B2 M 18 °C,
WA TAEG, BEE G0 R b SR ATE
B, AR TH AR BRI ES ) 4 R T 2 R 2y il Tl
S THT R PR S [ T HE B 0.5 Cli 22 | B WL 7 435 21
& I I 25 AN 4 o R B (AR TR B8 4 A LA B 5 Tl 4 A
B A R R S

FE A T HUARS AE 1=10 600 s B Z1 38 B 2 1]
WE 4 FtR B T AR 2 I B st 1) 25 Ak il 2k )5

Pt For |'1|,':|-;|,|rir||='

tempemnture on radinbor

3.1
30E
0.4
0.2
9.7
9.4 E
29.0
156
1| 2.2
| - 278
174

Poant Toe
beEmiperatune on
plane; 14

Point for messuring
tempernture on focal plane; | #

& 4 £ 1 21 A KRR AR TR B2 43 7 5 [ (=10 600 s)
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in thermal analysis (t=10 600 s)
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Fig.5 Temperature-time curves of focal plane and radiator
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Tab.3 Temperature of focal plane and radiator

in thermal analysis

Component Thermal control index/C  Temperature/C
Focal plane 5-35 18-31.1
Radiator 5-35 18-28.2
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Fig.7 Temperature curves of focal plane and radiator in thermal test
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Tab.4 Comparison between thermal analysis and

thermal test

Component Thermal analysis ~ Thermal test Maximum
P result/C result/C deviation
Focal plane 18-31.1 18-32.3 3.8%
Radiator 18-28.2 18-29.6 4.9%
4 % it
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