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Influence of surface emissivity on temperature and
infrared radiation characteristics of aircraft skin

Feng Yunsong™?, Lu Yuan'? Ling Yongshun?

(1. State Key Laboratory of Pulsed Power Laser Technology, Hefei 230037, China;
2. Key Lab of IR and Low Temperature Plasma of Anhui Province, Hefei 230037, China)

Abstract: Predigesting geometrical model of a certain aircraft was established, and its flight path was set.
Aerodynamic heating and radiation from sun, ground and atmosphere were considered comprehensively,
then physical models of heat conduction were founded against three shielding coatings with different
emissivity and physical characteristic of stealth aircraft skin. Based on one dimensional heat conduction
equation, temperature distributions of skins with different emissivity were calculated between 12:00 pm
and 12:45 pm. Finally, influence of environment radiation was considered, the infrared radiant intensity
distributions of skins with different emissivity were calculated numerically in 3-5 um and 8-14 um. The
result improves that with skin emissivity reducing the infrared radiant intensity of skin diminishes at a
certain extent, but due to influence of environment radiation, the effect of aircraft infrared stealth is not
ideal only by skin emissivity decreasing.

Key words: aircraft skin; emissivity; temperature; infrared radiation

I B8 .2012-06-23; f&1THHA.2012-07-21
EE&TH . LR N5 I8R5 5 11 5 5056 = 008 56 4 (2011B0622)
EER N D= (1979-), BP0, {4, F 25 H AR AN 5 1 A9 B 5%, Email:fyseei@163.com



mailto:Email:fyseei@163.com

%244

B ENE RS EITRIE KR E RIS R e 205

0 3

B 21 MR 5 ] S B A RO JiE R TRABILAL
SRS BOR BT ST O A B 525 [ A B L, Hoh
R R LA B TR S 5 LM B R B
I ERBOWF T U, ] MARRIT S 1A A 3 R0 2 0
TET YA L 2 1 B2 ), -8 PSR A ) e S R A 21 5
Bt B VR SR AR LR S5t v ) DR R RO EAT TR, o5 it
IR X R AR 2 6 23k J2 B A Bl HE R G AL AMRHALE
AT T SRS o AE AR AT S0 85 2 1 T S 6 ) B
FOEM B E N REATIHHR R, S TAE—E IR R
RGNS RALSE B LLAMRRE B R IR B =2 R GERIBITST
PRI, A A X A T e AU BT

SCHRTEZS T8 T PREE AR AR L BRI,
TR T HAE—ERE T AT HAR R R SRR 2 1)
55¢ B 2R I Al JBE 73 A1 FIUHEAE AN [R] 558 B 3 11 R S 3 v
T RYZLA MR 5 B A

il

1 REMHREBSRE

I B RALIT A P 3R T 52 KR A XU 4 Jlig
KA B BHR A 8 WL Ok I e 52 G B RE IM7/5250 -
4 HWrESHnR 1 FRM,

x 1 W EEH IM7/5250-4 #1152 5

Tab.1 Physical parameters of the composite

IM7/5250-4
Parameter Value
Density p/kg-m- 1.55%10°
Heat capacity ¢ /J- kg™- K™ 1250
Thermal diffusivity a /m2-s! 0.44x107°
Heat transfer coefficient k /W - m=K* 0.85
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Tab.2 Material and emissivity of several coatings

No. Material Emissivity

13 A_Iumlnur_n f0|I(38,tD70_ pwm), 0.18
inorganic phosphate binder

o4 Aluminum foil (10-20, $10 pm), 05
polyurethane, carbon black '

3# 4% aluminum powder, phenolic resin 0.9
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Fig.1 Predigesting geometrical model of aircraft
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Fig.3 Sketch map of scarfskin heat transfer
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Fig.4 Partitions and nodes of one dimensional heat conduction
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Fig.5 Curves of skin temperature between 12:00 pm and
12:45 pm with different emissivity
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Fig.6 Infrared radiant intensity distributions of skins

with different emissivity

B, CHLSE B B S A TR AR, 7E e B 7 £1 A0 R S o
JE 1 9930 W/sr [AIK 2 4316 Wisr, F&1K T 56.5% , 75 3
R 740 ANR S B 9787 Wisr [ AR E1) 8 193 Wisr,
FEAIR T 17.4% 38 AN 75 B AR AN T) D P2 KL
T 2 T X b BRI A S 0 RS R & S RO TR N
] 5 DR RMLEE Ky LA R A58 0 4 7 RS 360 43 B 1 T 4
HHAE 8~14 wm, AT L) 3~5 um ik B 21 A1 5 0 i Bl 5
RGPFRARAK T HAE X — % B LT AN R A o O
ANKIFR 33X FZE BT PO BRI A T 20K

6 4 it

AT KAHLTE 12:00~12:45 B A B AE A [
RSP HRIGOUT 5 R AR A, I PR —
20T T RHILSE R v 21 A0 5 A B 0 5 S e
I3, AR A S5 R 5 2% SOk [10-11] B 15
SR LA AW A, UESE T AR A ST A A
SRS R A T R AR b, 1A
PITF 45t .

(1) ®HL ®AT I A v 52 R TR AR AR BN B 52
B R AR R R A BT AR AL (R BORE &
SPRFAEE R R ILF e

(2) 52 B 2 SR 1 A8 Ak X R 3~5 pum I B 4141
FES /N T AE 8~14 wm P BE , B 52 ¢ k5%
A8/, CHILSE Bz (0 21 A S A T B AT (F 2 EL A e
IR SRR A K,

(3) KHLSE 2 AE 8~14 pum I B 14 48 5 a8 i 2 7
3~5 wm Il B A5 S5 B 10 5 L b, 5 R B ) AE
HETE PRI B, PR F T 2T AR 28
B R FHEIRAIL

SE

[1] He Chao, Lv Xuliang, Wang Yongjie, et al. Thermal
simulation of low emissivity painting layer’s impact on target
[J]. Infrared Technology, 2010, 32(2): 73-75. (in Chinese)
i, Ber R, FAA, 5. MRR SRR ZE N B bR i AR
B BE B[], £L5M% R, 2010, 32(2): 73-75.

[2] Ran Hongwu, Zhou Xuemei, Cao Hongjin, et al. Research
on camouflage efficiency of IR stealth coatings with different
emissivity at typical background [J]. Surface Technology,
2009, 38(5): 63-66. (in Chinese)

MUt Mg, WA, % AR RAIMEERE



%24 WA RS R RALE R B R I R S AR 8 R 299

TE SR S i P BEROCR I ST [J]. R AR, 2009, 38 [71 Wei Gang. F-22 Accipiter Fighter Plane [M]. Beijing:

(5): 63-66. Publishing House of Aeronautic Industry, 2008: 5-8, 80-81.
[3] Chen Jun, Ji Honghu, Si Ren, et al. Experiment of IR (in Chinese)

suppression for nozzle with low infrared emissivity coating BN, F-22 “%h &7 MEFHL [M]. dEET: fias ol i o,

[J]. Infrared Technology, 2011, 33 (7): 395 -400. (in 2008: 5-8, 80-81.

Chinese) [8] Wu Xiaodi, Huang Chaochao, Ling Yongshun, et al.

BRf, U, 0 . RIMME S RIRE N A HER R Surface temperature and infrared feature of a satellite [J].

SELLHMRFAE L[] £05ME R, 2011, 33(7): 395-400. Infrared and Laser Engineering, 2011, 40(5): 805-810. (in
[4] Editor Committee of "Chinese Aerial Material Handbook". Chinese)

Chinese Aerial Material Handbook [M]. Beijing: Chinese SeGEi, WM, BN, . TR R R E S 4 A e 5

Standard Press, 2002: 146-150. (in Chinese) FEYE[I]. 44506 TR, 2011, 40(5): 805-810.

b B A bR ) g 22 51 2. b S AR M. [9] Fan Ligin, Zhou Dingyi. Aeroplane Aerodynamics [M]. Xi'an:

dbat: opE bR Rt 2002: 146-150. Northwest Industry University Press, 1989: 110 -117. (in
[5] Hu Chuanxin. Technology of Shielding Coating[M]. Beijing: Chinese)

Chemic Industry Press, 2004: 149-151. (in Chinese) JSLEK, A SC ML R i [M]L PR PR Tl R

BAGHT. BB R IZHRIM]. LRt fb2 Tk AR 4t 2004, A, 1989: 110-117.

149-151. [10] Liu Juan, Gong Guanghong, Han Liang, et al.  Modeling
[6] Xing Honglong, Ma Yan, He Liang, et al. Low infrared and simulation of airplane infrared characteristic [J]. Infrared

emissivity fabric coating with P (IP -co -AN) adhesive at and Laser Engineering, 2011, 40(7): 1209-1213. (in Chinese)

spectral range of 8-14um[J]. Infrared and Laser Engineering, XIhE, 286, wha, . CHLA MR ST AR I S 5 &)

2011, 40(12): 2349-2353. (in Chinese) [J]. ar bSO T2, 2011, 40(7): 1209-1213.

T, Wk, 55, % BR IR IGINIEN X8R E [11] Rao G A, Mahulikar S P. Effect of atmospheric transmission

TE 8~14 um i B L0AMIR & B 3% [3]. 4040 5 Ot T A, and radiation on aircraft infrared signatures [J]. Journal of

2011, 40(12): 2349-2353. Aircraft, 2005, 42(5): 1046-1054.

++++++++++++

I"F,Hﬁ ﬁL-“J‘.i

B

E T FPGA 1 DSP i RHI B & N ¥ R G FE £k
KREFERSHNE=ETEE

F & 123 # S AE L2, Zl?_a M 1,2’41%,1’/(%? 1,2

(1. PEAFRACERFLN AERLFARLE, W) R4 610209; 2. FEAFK A& BLF
TERBRE, Wl RAR 610209; 3.7 BAF XS, LT 100049)

B OE. AT ERKRAB ALK L, 5% T — A& T FPGA #= DSP # R # agrh%%éﬁ
EEXAASHEMNETSE, ZMNETFE KA FPGAEA AT sH A%, & B E T R %R AFR, A A

BHAFRARF R REE RN ARRKIE SR I RAREFR L R, LA DSP 4’Fﬁﬁzﬁkﬂiau,#ﬁc#ﬁsalﬁéﬁ%
RERLAK A RMAE BRI EGHFEFZILRAAMT RKE 0 9N RE Lo iR v Ao da T BF ) t 69 B R4t i2
o REREMNZTFERAE LT R AENLF A4 L, A ERRE Z AWM B AR, #4757 RAHR
KR m &



