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Design and Experiment Research on the Film Cooling of Optics Window at
High Pressure and High Heat Flux

JIANG Yitong, CHEN Zhengwei, NA Wei, ZHANG Fu, LIU Junyu
(Beijing Institute of Aerospace Long March Vehicle, Beijing, 100076)

Abstract: The optics window is usually faced with severe aerodynamic heating, and there is a prominent image saturation
problem because of high temperature. Therefore, researchers often use film cooling to isolate the direct heat convection from the
outflow. A tangential high-density cooling film generation structure is designed which is used for high pressure and heat flux. Through
reasonable ground test, numerical simulation and engineering calculation, the main factors affecting the cooling efficiency are studied.
The preliminary results show that tangential high density gas film can reliably reduce the surface heat at high pressure and high heat
flux. The research effectively adapts to the increasingly harsh optical observation environment .
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Fig.1 Mixed layer structure of the two-dimensional tangential film cooling
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Fig.2 Static pressure effect of the cooling film
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Fig.3 Flow rate effect of the cooling film
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Fig.4 Thickness effect of the cooling film
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Fig.5 Influence of incoming flow angle
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Tab.l1 Cooling film working medium of optical window under

high pressure and high heat flow conditions
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Fig.6 Ground test principle of gas film cooling
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Fig.7 Design of the film cooling ground test article
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Fig.10 Film cooling ground test results
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Tab.2 Test results of heat reduction efficiency of film cooling

surface
. [ R 1%
BT B WI)E
= 100 100 98.0
R 99.3 96.2 92.4
PRI 98.2 92.1 85.6
557U 93.1 83.8 75.2
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Tab.3 Calculation of the maximum glass surface temperature
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Fig.11 Comparison of surface heat flow distribution obtained by
different methods

K HICARAF B UBA A RS & LR TR
PRAE AR, SE AN R, X BEETT
JEIANLII M LLANRAGE T PERE AT SE, HEURE
WY, ARSCR BB A BT 5 ¥ RE S AT U LR v [
AT RG22 T 1 B4 B R S AR A R

4 £

AR RV SR A R ESE T FRE A
SRR G SR b, JEE P AN B BY ) U 3 R A T
N~ VIS A RS B RD . SRR S A Y 13 1
&, BB T ok e s s AR AR R DR O
BB R . J5 SR A 7 R B — 8 TR N A B
TR ) B A R UR [FA E ALRE 1)1
7. 8 P AR [R] B AR ) P 45

SR FTHR AL/ re S T R % BE 0 A4 AN o
IHRFREE 622 B 1 U A 2 B AR AR 5 2%
P, JE I A B A e SEIL 1O B A R g
k. IR LA SRR, SO pirid S A a5 e fis
I 5 PR ARCR s A 858 2 A OB SR B D AR T AR Bn
B AR A R BEWE 1E RO A R AT A 25
KR -

2 % x ™

(1] SALAN, Tk . o e b Pl R AT P05 1 78 T 4 2l 2
T U FEHE SR [D]. 25 R i1, 2021(4): 1-13.
YI Shihe, DING Haolin. Research progress of optical aperture with
supersonic film cooling under hypersonic flight environment[J]. Air
& Space Defense, 2021(4): 1-13.

[21 SRS H IR AR RS RN AL K AR ] AR AL D). b
g PRSI, 2018,
GUO Guangming. Studies on mechanism and control methods of
aero-optical effects for supersonic mixing layers[D]. Shanghai:
Shanghai Jiao Tong University, 2018.

[3] v, B, RO, 55 . BATXIR L ZnS £040 67 F 2 1 i 2
W N[J]. ZEAM530E TRE, 2017, 46(6): 70-75.
YUAN lJie, LONG Yongsheng, ZHAO Shunhong, et al. Simulation
of ZnS infared window surface temperature response by arc-heated
wind tunnel[J]. Infrared and Laser Engineering, 2017, 46(6): 70-75.

[4] MAIJESKI J, MORRIS H. An experimental and computational inv-
estigation of film cooling effects on an interceptor forebody at Mach
10[C]. Reston: 28th Aerospace Sciences Meeting, 1990.

[5]  FEALYE. SR T7 22 IM]. A8 o B R AR R A H ki, 2019.
ZHUANG Lixian. Fluid Mechanics[M]. Hefei: University of Science
and Technology of China Press, 2019.

(6] A, Wttt 55, BOR. il AT @ SEL B A sl 422 o BRI F 3k
J J TREISE D). A7 5441, 2023, 44(15): 9-24.
ZHU Guangsheng, YAO Shiyong, DUAN Yi. Research progress and
engineering application of flow control technology for drag and heat
reduction of high-speed vehicles[J]. Acta Aeronautica et Astronautica
Sinica, 2023, 44(15): 9-24.

[71  EXHE, E5, AN, 45wl AT S ALAN & AR SR
RIG[)]. AN G HOE TR, 2015, 44(6): 1716-1720.
WANG Yahui, WANG Qiang, ZHANG Bochuan, et al. Experiment
of the thermo-radiation characteristic of infrared window of
hypersonic vehicles[J]. Infrared and Laser Engineering, 2015, 44(6):
1716-1720.

[8] Sy AhA, Ttk . B o e 7l 5 Sk £ A0 AR T i AL
I8 il 5[] BURBI IR, 2020, 48(3): 1-10.
YT Shihe, DING Haolin. Opportunities, challenges and counter-mea-
sures for infrared imaging of hypersonic seeker flying in con-densed
atmosphere[J]. Modern Defence Technology, 2020, 48(3): 1-10.

£ & B o
Ll (1990—), i, TR, TERFFLTT N AT S AR i
Tk it
MRt (1986—), 5, WA, FEWFTT a8 AT AR
W 977, F, BIFEGE, EERIFETT E AT S
MK (1992—), 5, TREIW, EERFFCIS N RAT S
RIRH (1989—), J, TR, LZRIFETT RN AT S B



