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Numerical Simulation on Heat Transfer Characteristics of Optical Windows

Under Aerodynamic Heating

Li Donghui Xia Xinlin Ai Qing

(Aeronautics and Aerospace Thermophysics Research Institute , Harbin Institute of Technology , Harbin 150001 )

Abstract The radiation and conduction coupled heat transfer processes in optical windows under aerodynamic
heating are studied in order to understand the thermal emission characteristics and the thermal protection properties. A
computational model for the coupled heat transfer in optical windows with Fresnel interfaces is established by FVM,
MCM and spectral band model. The heat transfer characteristics for a specific optical window with two SiO, glass lay-
ers are numerically simulated. Results show that the glass layer under aerodynamic heating has net radiation emission
and the other layer has net radiation absorption. Radiative flux in the optical window is greater than conductive flux
except in the vicinity of the heated surface. The radiative flux in the wavelength between 2.9 wm and 4.2 pm is grea-
ter than in the wavelength between 0.4 pm and 2.9 pm where the radiative flux going into spacecraft interior through
the optical window has the lowest value in the visible spectrum and the highest value in the mid infrared spectrum. In
the case of the optical window total thickness unvaried, decrease in both the gas conductivity and the gas layer thick-
ness can effectively lower the steady state temperature of the optical window’s unheated surface.
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Fig. 1 Schematic diagram for the heat transfer in an optical

window under aerodynamic heating
I B A AR B A7 388 5% 5 AR A S 7 o
ATy 2 BIET-HR Ry PR S WSO S A B, R E A
FEAERRAR SR RAETE A SR Z N AL AT L
FHIBEI T2, http://www. yhelgy. com 2012 4F %5 2 ]

B R SR DR 2 R S A R R AL, TR 1 R
VIS SV N S W VSR

%[p(x)c(x)T(x,t)] = 67(1 Ax)

aT(x,t)] _ 9g,(x)
ox ox

(D
o (x0) we(x) A (x) g, (o) ST F B T 2 AR Y
WL PR TR RAHAREE
e IR R A A

aT(x,t) |

- A(x) ™

-1~ 4. + Sw,upFupO-Y-‘:’. = O,t >0

(2)

SRR LR AR g, SR

£ o SR FE R ) PO AT X 51 37 B

B2 P, SR TR 1 S AT 030, 7

Vi SRR ST 5 A RS I T AL
S B 1T DA R v 30 7

) TED (TS T ) > 0

Jat
(3)
K a, (T, AAE AR 5 P8 R BORRLEE
b = AR P S L)
T(x,0)=T,,x € [0,L] (4)
K, T, AW TREE .
et H TR IR 5 s SR ST T e AR % RN
T S A AR
1.2 AZFHOBSERBETERE
T TG B D AR SR T RAS TR B
JZ PR AR P A S AU 28 B TR, TR AR A R 2N
R FHAT FRARFR I S G & AL A 5 72 s 2k
Ab BSR4 B HGh B A5 0 i S EUR O #R 4
(R fif R TDMA ik,
DG B 1 A B B TR R N B — o 1Y i
W 7E O — 83845 AT DDA B AN B B Y, 2 358 B
THEHE DAL SRR 4 1 K AR I R P i e A TR F T L)
IR . 2R 1 B S WA S S I, ST i
SN ST AR Fresnel 22 Snell E AT,
KSR R B R ot 2e e 1 N IR G E s 5
RS PR m (mo= 1, M) P a3k
BB S ST A5 Bz A s A @ A 5 iy
WL RECRD,, ,, BRI RIT AV, (5L A4) &
S EF A LA ot S S ) AR B Ak T AV,
WSO A5, B e nT DATH 35 P AR A4
R SR R IRy

(V- qu), = 3y 3RO, - o (T) =T (5)

K, o JRIKERST L RD,, i m IH— 15



Sl ik 2B, SR AL RECRD,,  HIRRITT
RD; , =4k, - AV, - RD, (6)
b AV, SRR AR j TRk, AR TEE Ik
FEREHT m PRGSO R 2L

AAFER IR IEI 5 | W xF (5) AT
S FA AT P A B SR IR SR S P
B AR L e A S R R
2 REFHOARFERIS

XTEA RS OG5 O ARSI R T
PIEIREE HEAT T B, SG 1 1 B 58 2 R B 1 R
20 mm, Z5 SRR R 10 mm, BEEEHEL R Si0, , % B
72 200 kg/m’, FEIZE R 790 J/ (kg K) , #GR K
1.34 W/ (m-K) DGR R 1 R, 23305
JE41.293 kg/m’, FLERZE R 1000 1/ (kg-K) , #g%
290.02 W/ (m-K) , i g 5 AV S gl naah 72
254, AR AT SR F I v H i A e P TR AR
B4 300 K, XA RO 10 W/ (m? - K) 65
7 CIRITERIEFE 300 K, RN% EIREEHE ST,

F1 SiO,HIEAINLITES T
Tab.1 Spectral radiative properties of SiO, optical glass
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Fig. 2 Temperature in optical window under

steady state
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Fig.3 Heat flux in optical window under steady state
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Fig.4 Spectral radiative heat flux under steady state
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Tab.2 Spectrally dependent radiative energy transmitted

across optical window’s unheated surface
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Fig.5 Gas conductivity influence on temperature
under steady state
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Fig. 6  Gas layer thickness influence on temperature

under steady state
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