U (B B

21 2012 F PR AT

TR ¢ BT PR AP
I &, 578 85 L
VR P
CHEEARE 0 101 F 5 E] 28 E1= 6 £ 2 F!
2 F1E < 11 101 6 ] 16 £



i

2012 = BN *ETF%]‘ %’7 (2012 International Conference on Aeronautical and
Astronautical Engineering, ICAAE 2012) » £4.5 3 &V @'Fﬁ?ﬁ'% % ﬁ’ﬁ%ﬂl WASET
ﬁi:i‘ﬂj— & (World Academy of Science, Engineering and Technology ) » % 5 ] 29~30 F I#%
E'¢E'JFJ59E"HJE'5JFIJ?§&?T‘§F’ B 47]]?%’7‘/%'@?35'%;[%@% °

iﬁ"pﬂﬁl‘ﬁ' ﬁ—ﬁﬂ“ﬁ"ff APNERH (W% MDY %E‘??gj%bwﬁ "
A C :x;‘/?i'ﬁ'rﬂﬁﬁ“fﬁﬁﬁ ’ Eﬁ%;'/r, Y ENTﬁlﬂﬂff\ S L PR R/
SIERIRREE-RECERELITARE \PICS L e SARA %'*TLJ—FTEQLV’FE'%FW’%V’ =)
EAFHYFEWFF - 9 R BTN SR FTHY TR B R
Py~ BV PHGERR R D RSP 2 .

Y S IR F‘??r%i P HBAEE Y RESA S RIEE R Y S pR
%F% Study of Aero-thermal Effects with Heat Radiation in Optical Side

Window” » EE[ZH{] F‘, B E D JRPVE Py - TEREALZ -



W k‘?

};M

i

Iy 4
PRI 4-5
2 5
3 L P 6



CNCEE

2012 F [N %?IF:T]‘ %’7 (2012 International Conference on Aeronautical and
Astronautical Engineering, ICAAE 2012) » F f@z# i TR F[J[H F?l B FTFJ?F‘&‘W - B
i kaWW@V%ﬁH%’wﬁ4sw%ﬁ?%W%ﬁ%b%ﬂﬁw’
ENPRY ’*Ff # [l WASET 1% ’Fﬁ' = #E ( World Academy of Science, Engineering and
Technology ) » 4% 5 5] 29~30 F S F 14 HinS | lﬂJElfJﬁ\lﬁﬁ}i?I%if? CEFET [ﬁj[ﬁ&il%j‘:‘ﬁl
Pyl JTQ‘?Q ?&ﬁru F'i WASET t B S5 > E,J?ﬁ Excellence in Research for
Australia (ERA) » Google Scholar, Scopus, Compendex, Thomson Reuters, WorldCat,
EBSCO, GALE, Embase, Reaxys, Engineering Village / Engineering Index (EI), Library
of Congress, British Library, Electronic Journals Library 5% * 2o [» 2T F ’ﬁ{ﬁfg I ﬁ 0
FisFfeif v - WASET ﬁérﬁ'ﬁﬁ e BED S PSR rﬁ . ﬁ]‘ﬁbﬁf@%ﬁ%ﬁ ’ ’F‘“[
S S R VSEOME N IR+ P SR B  RE S
MAPRY 51 o AN B D B LR

IV ]V RASRR T R S P RSS2

Eﬁ~Fﬁ§?ﬁﬁi

(= ) RO BT FIRY S P ST WIS
PPtk LRI SV B SR I - (A S
RO o P SRR E A W RIS o B2 SR AR A
International Journal of Mechanical and Aerospace Engineering®#¥[[9f » | {52
Gio/EnEREEERECEIRE RS ERIES L AN e AR LA L PSS
I EL - ARIPYPIRIEY - HE278REG Y R A - FERH P8 [ B R R

PHTERH B S AT Y L %

THETH R gﬁip U o REEEE A 2 |EJ]E'1,” E 'Jf@%,ﬁ‘ﬂ 56 B PT

Study of Aero-thermal Effects with Heat Radiation in Optical Side Window” » E3#f= 100



F BRI T ok S R R TR AT A R oA S5 R R o R
B poms g - HP R IR SC SRR d IRIEL S RIEN A Bl 2
B SIS oA I | e F B e 2 GG PR (R ] o & TR T
TSI SR o TR AR b - AR LRI kee - koo L5 BURIFE A
WERRVE D FIRUR - PIop RS Tl B RO IHR IR L B RS il
RE o ARG R T AR P Sadi e SUpipe ~ S VR 2 e - 1
AL s A 600K %y » 9t I AIIIES o 45 0.15kels B » A A iENE
2 280 "5y o Yt RS TRIFR o PNEUEEUR AR VR RE i 280 8
2260 "% 5y o BERT A A HTAPRIENT R RS o 2 2 RO
B . ,ﬁaé,p\ H
g FNJEJQWASET&Q g “? VORI [[FH [ = J*%'Jﬁﬁﬁ«]‘ﬁ’* [l -

- plrﬁ & 'ﬂgﬂw—\i’ F'UWASET * [i# {145 48 = > & 7 Excellence in Research for
Australia (ERA) » Google Scholar, Scopus, Compendex, Thomson Reuters, WorldCat,
EBSCO, GALE, Embase, Reaxys, Engineering Village / Engineering Index (EI), Library
of Congress, British Library, Electronic Journals Library?=%|| * =5[> *‘?ﬁj@iﬁ L{sr
G O S P H CERFOG T b PP A S ST fr' i
TSI Y éﬂﬁffvm%%: EE ARSI BN R
PR £ B R R U RSP O L Y o ) B SR A FTJ[/
GiLe BRI FEIM - SOHE e VTS RS R RIS W
B2 T BIREEAENR AR AT T PR R RS SR A A ERYS - B el
SRR TR SR RS I S G - SR T s [ T R (I SR

E ik eg= il R Djm?ﬂ&%l Fiar = F#E*J@FEEZE}FIFEJE VPSR J'Baﬂ.
(E PRI R~ - BESREE T T F B - el PRTIER ~ R~ 53 - RS
HTEPi > RARPVERE S N RGBT e A S A
B FEE P R IR AR [ i R o RSl GRS VRS b
RS PRI 4 5 27| 1| R 3 RO SRR S0 ) 5 ik

5



%@F%@ﬁ%%’ﬁﬁﬁﬁ%gﬂﬁaz VRN S S 205 > 25 L
Feg 3 A »jfjglﬂguf,j ngﬁﬁ“
u@l*?ﬁf@ﬁ’@ S e VRS (R SRR R s
R e T ST SR e S T R e A e i S e
Z“a’ﬂ/ﬁ%%’ﬁéfﬁﬁ?ﬁ*ﬂﬁﬂJ °

o EFEICE
gﬂﬁ#mw%W$%?ﬁﬁﬂﬁFWﬂﬁ—%@?%%%’“ﬂgﬂﬁwﬁ
L T o R R A BRI AT R o P O
ﬁ@m«my% RS T AL BRSPS 2
GBS BB Y L IS0 o awzug:;gf%EWp’ﬁWE
TR LI 5 o S g P =R B
1 PG Y SR o e ?#%H# [fy% 2F S}

le

FIfT i R a-sthe > FREERIR o A TGERAT] o & " TOF R
AR - ft AT E RO B (5 ROpRI G F PSS Vi

?Iﬁ]"ﬁ s fHE A ?Lj&i&r,#[ﬁwlfﬁé% [E=R2LIRE €5iiNE s UK
I (i Ry R P L - & A b A E A Rl kot
7\1 ’ ﬁujgh%'\'iﬂ S YIRS T AT %H&l%ﬁ?‘iﬁéﬁ%w%’fﬁﬁﬁéﬁﬁ'}#".’

%%@ww?ﬁg@ww*ﬁ?w%ﬂﬁ RIE RIS S
5 R SR < R B S SRR 2 AR
SR 5 PP (SIOR R - B Rg -

R b L G AR R TR S R R A
R RS NG T iﬁfiwﬁfiﬁ\’%ﬁ?ﬁﬁ P R R R
e T R s IS P - WRBER AR o F R RS A
i R ISR RIS S5 fUSTRUL - TR - RS -



O GeIon Y 4eIoR Y 40P Y S0P Y S0r Y 4eior Y 4elor Y Selor TSR0 YL
: R __
{ WASET ;

o
o &
7% 9
g gine »

WORLD ACADEMY OF SCIENCE,
ENGINEERING AND TECHNOLOGY

www.waset.org

CERTIFICATE OF PRESENTATION L

This certificate is awarded to
CHUN-CHI LI
in oral and technical presentation, recognition and appreciation of research
contributions to ICAAE 2012 : International Conference on o
Aeronautical and Astronautical Engineering

@,

‘uZ)._‘_OZh,_: SCIENTIFIC RESEARCH AND EXPERIMENTAL DEVELOPMENT 2
WAGEDC TOKYO, JAPAN

® CONFERENQ@E ORGANIZATION MAY 29-30, 2012







D &Ca
Q\\;@&\» DE/L}

313350

R

W/A\)E /

“wepgine ™

g

)"
(?CHNOLOG“1

Q

INVITATIONLETTER

January 31, 2012

Assoc. Prof. Dr. Chun-Chi Li
Chung Cheng Institute of Technology, National Defense University
Taiwan

To Whom It May Concern,

We are pleased to inform you that your peer-reviewed & refereed full paper entitled " Study of
Aero-thermal effects with Heat Radiation in Optical Side Window" is accepted for oral and
technical presentation at the ICAAE 2012 : International Conference on Aeronautical and
Astronautical Engineering to be held in Tokyo, Japan during May 29-30, 2012.

This letter serves as confirmation of your participation in the conference.

We would greatly appreciate if you could facilitate granting the conference delegate the
necessary visa.

»&i B

Sincerely Yours,

C. Ardil,
Conference Secretariat
ICAAE 2012 Tokyo

Japan

Narita Tobu Hotel Airport

320-1 Tokko, Narita-shi, Chiba, Japan 286-0106
Tel:+81 476 32 1234 Fax:+81 476 32 0617
e-mail: nrt.room.div@tobuhotel.co.jp



World Academy of Science, Engineering and Technology 65 2012

Study of Aero-thermal Effects with Heat
Raciation in Optical SideWindow

Chur-Chi Li, Da-Wei Huany, Yin-Chia Stanc Liang-Chih Tas

Abstract—In hypersonic environments, the aerothermal effect The high temperatures produced by the aerotherffedte
makes it difficult for the optical side windows obtical guided result in heat loads, cracks, failure, and evertungpin the
missiles to withstand high heat. This producesiénacor breaking, —gptical windows, influencing the normal operatiohoptical
resulting in an inability to function. This studged computational o0 tion systems. In general, cooling technologgtrbe used
fluid mechanics to investigate the external coolj@gconditions of . .
optical side windows. The turbulent models: kand ke were [OF Protection and for lowering temperatures. Twetiods are
simulated. To be in better accord with actual dmwonal Primarily adopted for optical window cooling, extetf jet
environments, a thermal radiation model was addedexamine cooling and internal convection cooling. This stimlyestigates
suitable amounts of external coolants and the abptisindow the aerothermal effect of external jet cooling.external jet
problems of aero-thermodynamics. The simulationlteéndicate that cooling, low-temperature airflow is sprayed frone thont of
when there are no external cooling jets, becaufiewaion the optical the window (or all around it) on the outside of thidow,

window and the tail groove produce vortices, thegeratures in these . . . .
two locations reach a peak of approximately 1600Vkhen the 0rMing a membrane and separating the optical winfom

external cooling jets worked at 0.15 kg/s, the aeftemperature of the external hot airflow, thus providing insulatiand cooling
the optical windows dropped to approximately 280When adding for the window. This demands that a uniform, stabbes

thermal radiation conditions, because heat flugigation was faster, membrane forms on the outside of the window dutfiggentire

the surface temperature of the optical windows flgin 280 K to
approximately 260 K. The difference in influence tbe different
turbulence models k-and ke on optical window surface temperature
was not significant.

Keywor ds—aero-optical side window, aerothermal effect, cug|i
hypersonic flow

|. INTRODUCTION

ESERCHinto aero-optics includes probes by high-spee

flow on onboard imaging, the influence of atmosjher

turbulence on optical images, and their correctiohhkis
method is primarily applied to the new generatibmterceptor
missiles, the hood sides of which are called opticeds. In
general, these hoods are composed of three sectiasings,
optical windows, and optical window cooling systeritie
nearby optical windows receive infrared rays todguiracking
and intercepting high-speed aircraft. When intet@emissiles
are flying at high speeds in the atmosphere, coxfje fields
form between their optical windows and the airfldwis results
in high heat, thermal radiation, and interferendéh vimage
transmission in the seeker, leading to target inwdfgets, jitter,
and fuzziness. This is called the aero-optical ctffehe
aero-optical effect includes the high-speed floaldfioptical
transmission effect, shock waves, the window aerothl
radiation effect, and the optical window aerodyraimgating
effect, as shown in Fig. 1. [1]
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work process. This method is also called exterealfijm
cooling. The external cooling method is simple aady to
implement, but cooling gas and the gas boundargrlayix,
forming a shear/mixed layer. Thus, complex turbegefiow
fields and the aero-optical effect easily occur.

Currently, two forms for optical windows exist. Tfiest is a
mosaic window, which has a superior line of sighd &acking
range, and does not require external aircrafanltrol systems
fpr alignment. However, the substantial opticalfreition
effect, low aperture efficiency, and complex stanet and
processes are difficulties that must be overconte §econd
type is the side-cooled optical window. In geneglplanar
optical window is installed on the surface of titef the hood
region. The position of the window is slightly lomwian the
missile surface maintaining the hood’s appearanbe.beams
are not restricted by the optical window apertuiffrattion
limit, and are easy to install. However, the madgniicant
problem yet to be solved is that a large area ef dtical
window is exposed to the extremely hot boundargidayhen
flying in the atmosphere, the optical window mustdooled.

Li et al. [2] simulated Terminal High Altitude Ardaefense
(TAAD) missiles at angles of attack from 0° to 30rhe
turbulence method used was the Spalart-Allmar (B8dlel. At
a flying altitude of 30 km with a flight speed M6s by using
active external cooling jet controls, when coola&igmass flow
reached 0.15 kg/s, the entire optical window cdodctooled to
500 K or less, protecting the function of the oaltiziindow.
However, this study did not include thermal radiati
conditions. Cooling jet may be over-forecast, legdb missile
payload problems. In the study described abovesithpler SA
turbulent model was adopted, and the problems efnial
radiation were not investigated. The actual opticaismission
effect was caused by turbulence flow fields. Thesemoent of
turbulence flow fields was random and without rukesd there
is yet no complete theoretical description of thiaiws of
motion. This has been a hot topic in the fieldloif mechanics,
and discussion of which turbulence model is moptiegble to
the aerothermal of aero-optical hoods remains iclcsive.
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Bertin et al. [3] indicated that during hypersofiight at
altitudes of 30 to 50 km, the aerothermal effegpbacted the
reliability of the material structure of optical mdows, forcing
the installation of a temperature protection sysf€RS) on the
flying body. Neale and Max [4] divided TPS concegityiinto
passive, semi-passive, and active models, as showig. 2.
However, because the introduced cooling jets preduore
complex mixed shearing phenomena with the mainstrelae
chaotic features of the flow field are further mgdied,
influencing the interpretation of images by theanéd system
within the optical window. Thus, calculating aengtioal
influence quantitatively and adopting effective hoets for
calibration is a key issue in the development afhtspeed
interceptors. Hirschel [5] indicated that at alli#s of 50 km and
less, the flow fields of flying bodies were govednby the
viscous effect. The wall heat radiation effect mast be
overlooked. Therefore, in actual conditions, thituence on
temperature brought by the aerothermal radiatiecefind the
interfering noise of thermal radiation must be ¢deased. In
actual situations, the emissivity, absorption ratejex of
refraction, and reflectivity of a material are ftinos of
temperature and wavelength. Bartl et al. [6] intidathat the
emissivity of opaque aluminum materials decreasdidwing
increases in radiation wavelength, whereas refliggti
increased. Similarly, semitransparent materialschsias
sapphire crystals, showed different optical prapsrtunder
changing environmental temperatures and
wavelengths. Dobrovinskaya et al. [7] indicatedt thiae
emissivity, reflectivity, absorption rate, and pwagon of
sapphire all change following changes in incideav&length.

Following Li's research on external cooling jets faptical
side windows, this study adds two different turincke models,
k-¢ and ke. In addition, a thermal radiation model was ineldd
to better conform to actual aerothermal environmertd to
investigate suitable amounts of external coolant dhe
aerothermal problems of optical windows.

Bow shock

Signal
? Baundary layer

Mixing/ shear

s

:\ Window
/ — Secker
Coolant injection

Fig. 1 Schematic diagram of aero-optical effecis [1
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Il. PROBLEMS AND METHODS

A. Governing Equation and Numerical Methods

The governing equations are the Reynolds averaged
Navier-Stokes equations, the conservation can peesged as
follows

oU OF oG oH _o0

—t—t—+—=

ot ox oy o0z

F

v

0X

0G, , oH,
+— 4+
oy 0z

In solving equation (1), convection term&,G,H) are
calculated by AUSM scheme, while viscosity and diffusion
flux terms €,, G,, H,) are calculated using the central difference
method. Discrete space terms are to form a grougrdihary
differential equations followed by time integratitsnobtain the
numerical solution.

1)

B. Turbulent and Radiation Models

In this paper, two different turbulence models addpinclu
ding the realizable k-and standard k model. The majority of
wave bands considered for use in heat-seekinglesisgere i
nfrared bands, with radiation wavelengths betwean®5 pum.
In addition, the research model in consideratiorestigated t
he optical transport phenomena of radiation absorppenetra
tion, refraction, reflection, and diffusion in opagprojectiles a
nd semitransparent optical window materials. Tthesnon-gra
y discrete ordinate radiation model was used fowtition, wi
th the radiative transfer equation provided below.

radiation

OL(r8)3) +(a +a)L,(r) =arfl, +p 1 (rs)ofsE)ar ()

C.Boundary Conditions

This paper adopts computational fluid dynamicsttas the
external cooling characteristics of optical sidendaw under
different jet flow rates with flight speed of Ma6hand 30 to 40
km altitude above sea level. The ambient pressuleaanbient
temperature are 50,000 Pa and 300K, respectivbly. T
condition of inlet boundary and outlet boundaryudtde set at
pressure-far-field condition and pressure-outletndiion,
respectively. Besides, the cooling jet port is teetass flow
rates conditions. The projectile and optical windiswset to
no-slip and radiation conditions. Additionally, theal gas
equation modified specific heat ratio is added.

D.3-D Physical Model and Grid Configuration

This paper assumes the optical window to be reatandpr
ease of modeling and prediction of flow field. Acding to the
observation, it is known that the cooling jet hisléocated at the
bottom of leeward and its size is approximatelyf tta height
of leeward. Besides, the former configuration shangroove
tilt with a deep front and shallow end. Schematiodel of
missile is shown in Fig. 3. Adopted in this study
three-dimensional computational grid of structurgtid
configuration shown in Fig. 4, for the confirmatiai the
computational grid is independent of the charasties of the
grid, for 300,000, 500,000 and 800,000 three kofdse mesh
window in the same flow conditions (cooling jet =
0.15kg/s ) test. The test results on the opticabew position
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(0.11~0.3m) of the surface temperature are showhign5.
500,000 and 800,000 in the optical window grid hamore
consistent temperature performance, and ultimakeyresults
will be 500,000 of total grid as a follow-up study.

!

02
Zim)

Fig. 4 3-D THAAD optical window grid diagram
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Fig. 5 Surface temperature of optical window iryBetgrid system

The different turbulent models are named Model ATBe
external cooling jet flow is divided into 2 categs according
to their spray flow rates (J) including O (kg/s}ah15 (kg/s).
Table 1 indicates the research matrix.

RESEARCHMATRIX

TABLE |
URESEARCHMATRIX
Jet B : 3=0.15&
Flow(kg/s)| Y70 920151 2 diation)
ke A0 A1 A2
ko B O B 1 B 2

IV. RESULTS ANDDISCUSSION

A.Numerical Code Validation
To verify the correctness of the formula in thitsare, the
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numerical simulation results of hypersonic flowgiag through
a ramp channel obtained by Algacyr Jr. [8] werenmefced for
comparison. The operating conditions included avisaid

flow, a Mach number of 3.5, an environmental terapge of
300 K, and a pressure of one atmosphere for tweikional
flow field simulation. The isobaric charts for tlsemulation

results are shown in Figs. 6 and 7. Comparisomefigobaric
line distribution indicated that angles of the gbk shock
waves, characteristics of the expansion wavesttangosition
and angle of the reflected wave on the wall wekextemely
similar. The expected high-speed flow field chagaistics were
captured correctly, indicating that the simulatsmitware used
in this study can be feasibly applied to high-spiad fields.

Level p o UL
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0.38
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Fig. 6 Numerical simulation dilgacyr Jr.[8]
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Fig. 7 Numerical simulation of present study

B. Optical Sde Window Smulation Results

First, optical hoods flying at Mach 6 were simuthtia
conditions without cooling jets and without considg thermal
radiation conditions. The results indicated that turface
temperature of the optical window was between axprately
1550 and 1620 K. Hot airflow on the optical windamd the tail
groove formed vortices, thus temperatures were ehnigiihe
optical window surface temperatures of the two ulebt
models did not differ much, as shown in Figs. 8 &dhe
surface temperatures of the optical windows alleeded the
upper limit heat resistance temperature of 500 Kapphire
optical windows. Therefore, cooling jets had toused.

When jet cooling was performed on optical side wing, the
high-speed mainstreams that were initially closéhtooptical
window surface were lifted upward due to injectiof the
cooling jets. In situations where the speeds ofi¢te and the
mainstreams differed, the two produced a clearrslagar, as
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shown in Fig. 10~11. In conditions with coolinggetvhen no Fiach
thermal radiation was observed as shown in FigtHésurface
temperature of the optical windows dropped to axipnately
280 K. Outside of the optical window, with no cagjijets, the
hood nose and the surrounding area maintained & hig
temperature of approximately 1500 K. Fig. 11 resethle
situation with thermal radiation. The surface terapare of the
optical windows dropped to approximately 260 K, vdas the
hood nose and the surrounding area, which had olinggets,
declined to approximately 1100 K. The simulatiosules when
adding thermal radiation indicate that this modddetter able to e
conform to the aerothermal conditions of actualvflfields Fig. 10 Mach and temperature contour of model A 1
because of the addition of heat flux dissipation. Wach | Temperatiret

Fig. 12 shows the optical side window surface tewmupee
distribution at different turbulences and with nbermal
radiation. Without radiation, the side window sgda
temperatures of different turbulence simulationsreweall
approximately 280 K. With radiation, the side wimdsurface
temperatures were approximately 260 to 270 K. The
temperatures at the ends of the side windows séd,ra result of
weaker coverage from the cooling jets, as showiga. 13 and
14. In addition, the surface temperatures of thecalpwindows
were all less than 500 K. If thermal radiation émsidered, the
amount of cooling jets could be reduced to decrdasenissile
payload.
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Fig. 12 Surface temperature of optical window indeloA_12, B_12
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Fig. 14 Surface temperature of optical window indeldB_2
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