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A Numerical Study on the Cooling Characteristics
of Seeker Windows for Selecting Efficient Cooling Method
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ABSTRACT

In this paper, cooling characteristics of seeker windows were examined using the Sinda-Fluint software. Various
cooling methods were considered to satisfy the limit temperature of the cooled seeker window which would be
exposed to excessive aerodynamic heating conditions by varying coolant type and mass flow rate of coolant. Due
to the enhanced heat transfer between the coolant and the seeker window, internally cooled seeker window which
uses liquid coolant showed lowered temperature distribution in the window compared to internally cooled seeker
window which uses gas coolant. External film cooled seeker window also showed good cooling characteristics
because it reduces the convective heat flux to the seeker window fundamentally. It was also confirmed that the
temperature and the temperature gradient of seeker windows were significantly reduced for the cases which use

external film cooling additionally to the gas and liquid cooled seeker window.

Key Words : Seeker Window(2%), Film Cooling(®d7}), Internally Cooled Seeker Window(W] 7137} B-21%)
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Fig. 2. Shape and dimension of internally liquid
cooled window

714 Y7ZFa )
Flg 3°ﬂ YER AT
@ ax Adz 4o
2 Jdg Nz 7
dug-e A ()T}
Nusselt 25 &%

%o i %o
ok
oi
1 o



7% o9

P

A

A 22

0—>X 80

Fig. 3. Sinda—Fluint model for simulating gas cooled
seeker window
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ig. 4. Aerodynamic heating calculation result for a
specific flight trajectory(Recovery temperature)

3

£ 3000

2

+ 2500

[}]
o
o 2000
QL
g 1500
® 1000
[}]

=

_°2’ 500

©

g 0
c
o]

© Time (sec)

Fig. 5. Aerodynamic heating calculation result for a
specific flight trajectory(convective heat transfer
coefficients)
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Fig. 6. Film cooling efficiency applied to seeker
window cooling analysis



Table 2. Simulation conditions for gas cooled window
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(9/s) (9/s)
1 H] w7t 0 0
2 e @7 1 116 0
3 whyzt 0 116
4 | 53 37, Parallel flow 116 116
5 y5 g7t 2 232 0
6 | =3 W37, Counter flow 116 116

Table 3. Simulation conditions for liquid cooled window
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Fig. 7. Temperature distribution of gas cooled type
window(case 1)
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window(case 2)
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Fig. 9. Temperature distribution of gas coolant(case 2)

»223
223
189

AR 126°C Max. 223°C

7 Em

P £

156
122
88

941

203
Min. 20.3°C

i N3

Temperature [C], Time = 4.2 sec

Fig. 10. Temperature distribution of gas cooled type
window(case 3)

b vgZE 24 g 34 vl & & 4 drh
agele Egsthal o] ke B 2% A
G291 150 TE 2t ool Afole izt
T8 M 5] dFS ol do] Wgo R 23 T
S TuzE #ARE 2ls 399 5 Ak e
frds 483 Fig. 89 A3} nluwd o, 71A] -
W7ty gage) Aol Bizts 83k Aol &
w o FE As & Aok & g 54 A9
Vo 2] 2153 vzt 5842 v Bydom AEd
ZolnRE AAR wizte] ok gAY WYz 9 B3
e 24 9 4958 Aew g
Fig. 112 5U3 116 g2 o=z Wy Yzt

g% 97 54 A A
e >149
AR 99°C Max. 149.4°C
149
27 =9 /
128 132°C
106
849
63.4
1.9
Min. 20.4°C
<na

Temperature [C], Time = 4.2 sec

Fig. 11. Temperature distribution of gas cooled type
window(case 4)

Node

i <2NK

Temperature [C], Time = 4.2 sec

>210
210 Max. 210°C .
178
147
115
83.6

921

205

Min. 20.5°C

Fig. 12. Temperature distribution of gas cooled type
window(case 5)



AEEen 53 W7he A8 9ok fAE 5
Fo AFgrch olgjg Ay iy Wzt 71Ale
FE S7AA AFIAALAFE ST B
S FHE Alelo] vdwt J3%s sk e
fres TARA gFddE 255 WFE Zlel o
TEAJNE gt e uiF W7 FFS SUHA
24 A9, 275 E W7 71A 4= vEste] kst
o gl 23 Al o Az fk
Fig. 132 Fig. 117} 5§ W72 sdsht iy @zt
71A1e] 55 WEs w2 A4 case 6(counter flow)
A9l slA AnE g% A L E IS Bnk
olUz} -3 Zo] Wgko Rl &% FHl%E case 4
(parallel flow)2] 17.4 TolA 112 TE FrAE AL 9
13 eE #UEE PE RS A% 4 Ak
won 5149
0
18 Max. 146.2°C
128 . I
135°C
106

84.7
63.3
118

204

Min. 20.5°C

<na
Temperature [C], Time = 4.2 sec

Fig. 13. Temperature distribution of gas cooled type
window(case 6)

4.2 LB ONX| WZbs SR s)A] ZT)

WS 8314 e case 19 A9 ¥ 2-
Fig. 148} o] FHth 260 T7HA A58l W3
W7y eagae] e 4 wie]
3E Gejel & zpo|7} gL 2 ATl A
271 317 ol A 2] Biot number= 1:.T} vl

o
1=
ot

fo

= N

=

ro

i
2ok o 2 flf

okl Mz
—o @& el

ol b

252 / At a7 |48k 8 A Al207 A23520179 49)

F1osx i do
i g = =

Fig. 15% 32 g/s9] W d4w
B Ade 5

& A AR UF AEs

DAL 71419 Aol vl wfg- FER H

2571 93 Coll E3elt}. Fig 160] Yebd g% =
A

T W7 AA 2% 46 CTE 7]A
o W3l Be 0 © el FoE
wee 3260

260

- ]

260°C
251

247
243 §

239 ‘
235

o Min. 235°C .
Temperature [C], Time = 4.2 sec

\/

Fig. 14. Temperature distribution of liquid cooled type
window(case 1)

wose_ 303
93 Max. 93°C
838 74°C /

378 Inner surface
0
A 44.8°C

Temperature [C], Time = 4.2 sec

Fig. 15. Temperature distribution of liquid cooled type
window(case 2)



BEH W7 A AAHS
Case 29| A$-= G o] wakoz 9o|¥W 7|F
19C9] &= Fuj7F BACE A Y7k whale] 49
Wzt 5o Salrle sHAIRE vAl g T 2
T7F 71 U A FEE Heolng Ao o
dAS g5 SHoA ] A FEZL Fasttt
Fig. 172 <5 2hdzbut 8¢k case 3o ofsh 34
Axz G A s IF 23S, Fig 63
22 g7 528 EAS AL "ol g% 4
ol Wkko 7 9oFW 7|F 16 T2 &% 7t 24
sit}, o F w7} ka2 sl FAo gk HES}
HosAut ¥zt Al=8 o] mlg- 7hdslal Bld)
Al FHFL Q=S AL = dE Gl e
ww_ 316
Max. 46.0°C
a6
"'ﬂss"sa
417 —‘?fﬁ":ﬂag“ﬁu‘;a«/

Min. 20.0°C
Temperature [C], Time = 4.2 sec

Fig. 16. Temperature distribution of coolant(case 2)

w3166

Max. 166°C

/

166
161

150°C
157
152
147

142

137

Min. 137°C

137

Temperature [C], Time = 4.2 sec

Fig. 17. Temperature distribution of liquid cooled type
window(case 3)

FAl 283 case

4o gk A Az AR 225 663 CT7HA] W
= 7 Aok g% S A W I 2=E 35
CTE ARt Qom o5 uhizte] o] dF3s7t 7
ZEo] WHE Ywt {83k case 20 HlE WJZ HA
25 AswFo]l 74A4% S SIS g o]
ko EWM 7|E &% THlE 155 TR ALy
Atk
w5663
[+]
663 Max. 66.3°C
60.3 /
50.8°C
54.4

36.9

30.6

Inner surface
34.5°C

Temperature [C], Time = 4.2 sec

Fig. 18. Temperature distribution of liquid cooled type
window(case 4)

AnaA

Fig. 19 Ui W32} 2hdzhs e Alol 485k
7} 5o e WE AAS case 5ol tigk 34

At BAY 2EE 627 T WE F olom '
A Aol wFgew suxd VE 2k 7HE 83 T
A ED S s AE SISl 58 WE A
&3 case 4, 5 BT W7 540 sl ARt
A Y FHe] xS fAEE dEE
HolE who] EAgt.

Ul oA gz A '] A Uiy ks
dEHos AgsAY 5 WS A8k gAF
EE ATAE WET F vk EE gt 58S
Ui AA Agshd o w7 vt Rk g
T 2R ARAE NEE £ 9l Ao sddn



AHrk2]

ZE7td Ao w9 HEdA HALY S Lx
e 2w ) AEA7L stEkE S, B3 gz
28 AP = glon B AFoAe & RS
QU B2 FFe] HA s AAlele &8 5 3l
Tk S i oA Wz A mA A e &
E7F 7P A frAEe]l Aol A g5l Wl
Q22 2ge 4 9onz Yzt Ad A5 AE
A= Aol e &-go] 7Fsa}t)

Max. 62.7°C
66.3
60.3 /

54.4°C

425
36.5

306 Inner surface
36.2°C
AaNA

Temperature [C], Time = 4.2 sec

Fig. 19. Temperature distribution of liquid cooled type
window(case 5)

5.4 &

F ERO W4Y SAE s gy /A 2
oAl 7 gzt )3 whyzh el xge] o)
97t 54 NS Fstel BAY ew ARA wE
ARE Felstn ¥ ATl M4 FEND 87
oA S8l AAd Y wAe stk v
B oA W2 g W7t agel g vtn g
N 2 A SUAAE s g o) 47
g gage Al @ A o 9L B g
Ago] WAHER Yot el v ¥E KL 1
QUek. Wy Al AP FAFE vl vA 9%
AY Fele] Lwb Bl FAHE FHE wolnE
H94 9 BE FUAAE PRt Bash 9y
Syzke BAR Wz A2RS i desl 7E
T % gE e AT 97 FHAA e B
FHQ 7 BEE AU RS S5

254 / =t At 817|428k 8] A Al207 A235201749 49)

W7 ERS Zhe o SRIE, Uy W 9
R o7k FAlo) AMESHE B Wzke A% 9
ghyzie] ARetE FRASOR FaAIE Vss o
B2 R Y7t 9 Bl RS EX T
ME 29U 5 Q= FHe Qo Wzt Azwe] =
Al dalo]l EAgth
References
[1] H.  Morris, J. Majeski and E. Rawlinson,

“Development of IR Sensor Window Cooling
Requirements for Endoatmospheric Interceptors,” AIAA
91-1439, AIAA 26™ Thermophysics Conference, June,
1991.

[2] R. Hodge, P. Raghuraman, A. Murray and T. Street,
“The Window Cooling Technology Program,” AIAA
92-2803, 1992 SDIO Annual Interceptor Technology
Conference, May, 1992.

[3] M. Lee et al, “Internal Fluid Cooled Window
Assembly,” US Patent 2002/0109038, 2002.

[4] C. Hyun, N. Goo, J. Kim and H. Lee, “Analysis of
Gas Cooling System for IR Window,” Journal of the
Korea Institute of Military Science and Technology,
Vol. 15, No. 2, pp. 130-137, 2012.

[5] Y. Park, “A Flow Channel Design of IR Window
Cooling Device,” Journal of the Korean Society for
Aecronautical and Space Sciences, Vol. 39, No. 6,
pp. 559-566, 2011.

[6] D. Hender, “A Miniature Version of the JA70
Aerodynamic Heating Computer Program, HS800
(MINIVER),” McDonnell Douglas Astronautics Co,
MDC Report G-0462, 1970.

[71 M. Kim, B. Jin and D. Lee, “A Study on Film-
Cooling Characteristics using Infrared Thermography,”
Proceedings of the Korea Institute of Military Science
and Technology Conference, 2015.

[8] J. H. Lienhard IV and J. H. Lienhard, “A Heat
Transfer Textbook,” 30 edition, Phlogiston Press,
2001.

[9] S. W. Churchill, “Friction-Factor Equation Spans All
Fluid-Flow Regimes,” Chemical Engineering, pp. 91-
92, 1977.



