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Computation of Flowfield and Infrared Signature in Aircraft

Exhaust System for IR Reduction Design
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and Tae-Hwan Cho****

ABSTRACT

A computational system to predict flowfield and infrared signature in aircraft
exhaust system is developed. As the first step, a virtual mission profile is considered
and an engine is selected through a performance analysis. Then a nozzle that meets
the requirement of each mission is designed. The internal flow in the exhaustion
nozzle at the maximum thrust is analyzed using a state-of-the-art CFD code. In
addition, a system to combine information of the skin temperature distribution of the
nozzle and after-body surface with an infrared prediction code is developed. Finally,
qualitative results for the infrared signature reduction design are obtained by
investigating the infrared signature level under various conditions.
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Fig. 1. UCAV mission profile

Table 1. Performance requirements of UCAV

ITEM Requirement
Payload(weapon) 725.748kg
Takeoff/Landing Distance 1645.920m
Max. Mach Number 0.8M at 12192m
Acceleration Mach 0—0.8 at sea level
Mission Radius 1000 Nm(1852Km)
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Table 2. Information at nozzle stations

.Statlon 7 8
Information
m(kg/sec) 15.694 15.694
Y(spemﬂc heat 1,300 1 300
ratio)
Pi(Pa) 112701 112701
TK) 765.728 765.728
P(Pa) 99774 61508
T(K) 743.439 665.850
Mach 0.430 1.000
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Table 3. Flight and nozzle entrance
conditions

Flight condition

Altitude(m) 12192
Temperature(K) 216.650
Pressure(Pa, N/m"2) 18823
Flight mach number 0.800

Nozzle inlet condition

m(kg/sec) 15.694
y(specific heat ratio) 1.300
P{Pa) 112701
TdK) 765.728
P(Pa) 99774
T(K) 743.439
Mach 0.432

350
300
250
200
150

Fig. 6. Temperature contour

FEA wgrow, 9% WMo exe $37] M
dzo] de FE/iAe 9P BEs A4
Q. =2 279 A% e Table 40 2ops
9, Fig 6& =Z9 &5 RIS gdrh.

99l CED |4 2%g ol §3tel =2 ¥E 9
g LE Fe =2

32 IR 45 &N

IR A% s 3t wFelA AEdE F&
IR 3|4 Z=¢l RadTherm IRE A&ttt
RadTherm IR & &3txtE¥oz uAA Ae] 9
33 dA=EE 1Y FULEE AEn
Aom, o] o]§3td HLHd S E H4F5T F
JE ZEadolth u §7 A 2AF L V)
B XHE BF FoH 43 HE m=2 ol &
Hu oy, HM A3 N dF4=E Y =

29 E83¥ 2E, Y, 47T 2%(Apparent
Temperature) X A4to] 7b5dict. =3, AR,

WE, BAF BE EeE 98 @ a0 7}

st
33 CFD 2 IR 05 o7 AlAY

37 FHEAY 4453 47 IR 4%
dZ<g &7] 918|4E CAD, CFD 281 IR 3
Y == dAs Bastd og Ad & 4
TFAAe AT = 4SS ARHAR Z=F
F3te] CFD 4o #a3t AXAHRE =E3)
St IR o3& Z=oA AT AATFLE ¢o]
E017] A3A 58 /153 FHZ WHES &
gyt CFD a4 FgI=dres A% 2
Ao AAZALG 27|2AL BT F g3

FYEA 454 A4 SIS



656 =3

L FYE - HFE - 3

-~

A - HxA - HEMZEFTHEEE

Modeling

CFD analysis

i
|

1 By

IR signature
analysis

Grid generation

| [

Fig. 7. Integrated system of CAD, CFD, IR
prediction codes

5% HHeE =23 ZHE R 4F 2=
9} AAAF 7] $siA= Patran Neutral(*.neu,
*ntl) TP HE=  Transient  Convection
Data(*.tcd) 3 e 29o] WHo] PR35y, oA
| Ao A= Patran Neutral(*neu) Y ez
HEst IR A5 3HE FP35iAth R o3
= ed AAE 4T d Ane old
= o] ofd gRA A% A=Ak CFD 34
Ahe o8F FAANE AN4H FeI==

Emissivity at surface

0.6 [

14
s

Emissivity

0.2

Wavelength

Fig. 8. Emissivity of stainless steel

Table 5. Weather conditions

AAE AR HEe} CFD Ao AL&3 AAH
H7b dA|steiol stef, 29A FE A R 9
Z A= YA AAFEE dAATE AR E
Aot @t Fig. 72 BA4% AR CFD A3,
R €& =39 9A #3& HAET

V. 714 &37] IR &S & o F
4.1 AM = (xH L ##FH)

IR 8]4& 98] UCAV FurEAel Adz 7}
2 71239 AEQ] 430~900 °C A Hg3H
Stainless SteelS XAASAT. & AFdA AR
AT A =gUlFe A3 27} 470.289 °C
2 EEH3oRE Hgd 2 77t fle RLe
2 dddd. FF 37 SAH ol AHEHE
Al 35, Ti &5 S22 #4E Agelt. #<d
Ex QuAQ F¥r] AAE dolEHt FAS
A3 A Ak Fig 8 2 s Aled
Stainless Steel®] I}F o] WE HWIALE S e
ot
RadTherm IR ZE=dA IR AL £ AL
eEd JPe FE B42A WP Fusl B
23T BHzde AW AL FFAA 2

Weather Model (RadTherm IR)
Air Temperature -1.752°C
Solar 94.700W/m?
Wind 1.770m/s
Humid 75.382%
Cloud 31.200%
WindIR 167.430°

L B dpidAMe RyHe 2x Wl B
BYgL Fog Ft=A] AAHsY Folof g} 3
Aol AHE3F B4 ZAL Table 59 2t}
Solare B¢ HAlL 2%, Winde nlge &£
%, Humide HZ¢9 9HEES YN,
Cloude T8¢ AEE 0~10 Y= JeA
Aolt}. (0=Clear, 10=Total Overcast) WindIR
e BEEzg JE(0°)oz 3 uge wEFe
vebdio.

=3l RadTherm IRS vl AAA e 2] 339 9
AZ A4S 37 g 714 48 HEES A
b Azke] mEtd g8 @ ol A E
A Ao g 2447+ HAFT IR AE g3
719t EXE 719 AYE 6kmZ Rsle] &4
< F3P3FH

=
ol
g AL FPstYrt Fig 9= =29 9
°



F£39% £ 75 2011 7

Ei5¢ 2 IR 2S5 Al=F 657

Convergent Nozzle
700

600 |
hooooooooO000O0ooonpg
o
Oooag,

500

O Inside wall

a
S
s

O Outside wall

Temperature(K)
8
8

D000000000000000000000000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Length(x/L)

0.8 0.9 1

Fig. 9. Temperature at nozzle sites

2128 2589 3050 351.1 3972 4433 4894 5355 5816

‘I

Fig. 10. Temperature distribution
convergent nozzle

of

o 714
N 2m, C
T, =\ (1+T)-T|1- +2Q,
j=1
Atz ij
N 2m,C
T,=3Cf1+——F "
j=1
AtYC;,
=1
RadTherm R4 o] &5 THLE A4

e A Q9 dEiglen, A% ie i9A
AR o), jE iAA AR A Gl
% QT AFRAAAN, CF A= 98 %
Agels, me 4%, G ©d, 19w
AN Az 174 BTk Fig 108 %a—n@%
W@ AholtH12].

gNe +9F ¥ Y BULEE En)
2 3o IR A5 E A4ET IR 1359 o] A
Age thed ged, 9A BsluAY 2ald
YAE A 4 @) 2ok

+ rl

4.8
WimZ-sr

352.3 699.9 1047.4 1395.0 1742.5 2090.1 2437.6 2785.2

View angle 0°

View angle 20°

View angle 60° View angle 90°

Fig. 11.

IR signature analysis of
convergent nozzle depending on
change in angle

M=o T (Wem?) ®)

A7 & WAEE duER, ok BAESE
A 567x1072 (J-em™ - K)o, T & A
Nes s ougah w3 M & olale 4 (@)%

Lo

-y

Zol Yerd 4 Aok
= [ “ana @

o 7]A,

M, = .G

Nlexp(Cy/AT) —1]
C, =3.742 < 10" W/ em?, €y = 14388 pm I

7

3 B A} &8 (Spectral Radiant Exitance, 14,)
ol &stal 54 3AFA IR 413 (Radiance)
ozt HEL Tl 7t A olHF
A5 ALHE EUZ RadTherm IR

&3te] F9 IR seeker HF)F (3-5, 5-8, 8-12
m)o A =& Zxg WA nAHE
o 9% IR A3 HAL Fy3ytt. Fig 11

= e de

o]

AAR 5 =22 4= H3ld ug IR 435
AL 433 ZAxolr}. RadTherm IR dA &

Radiance2 ZA3} <

(o]

=

et 7] o &, A4
B3t 3§ Radiance 3ol AALY YHol&
FH3t4] IR IntensityZ WHE3= FHFo] s
o

Radiance( W/m?sr) x Pixel Size(m?)

X Number of Pixel=Intensity( W/sr) ©)



658 B9 JYS - A5 - HAY - Gl 2UB BEM T
43 RYME 2 23 ztzol Ot R A3 =& o 220K AE= 812m Bandol A 714 &
[EWY R A5E 2AsA Hu, Fdgte] WPz
_ IR Az g Fdzez Ave A FAT
Fig. 12& #Fo] W& FHE=F9 FHFA 2= 919t}
Ed IR 38 4% wslo) mats el Aol 75 WE R A3 5= =& IWe
o AR FAsoz Jtdd FHEA UE ¥HY, 2 xqe g, 555 —rhoﬂﬁ 686.270W/sr & 7}
Y 7tES "BF A 250 AF FREA g ge4 UEUE AL o @ = 9k
9 YoM TAHE R A5t 2F ZFE  gri) oz o o, aj_

glth 3-5um, 5-8um, 233 8-12pm thgel A
74 g o 2 o] AAIE IR A5 a4
£ 3-5um BanddlA IR A& Z=7t 7B st
A YeEigth ole #37] FUEA dEEE
257} o 580K A= Fig 139 19Zg Fx
ste §58 £ A3, 3-5um BanddlA 71 &
R 57 ¢S & + Jdoh FrudY &

UCAV IR signature

900
8 g6 o,

00 750 1o

Wisr o

400

500

3~5pm band

el . p
Fig. 12. IR signature level of convergent

nozzle

3-5um band
5-8um band

8-12um band

Spectral radiant cmittance, My(W/Cm?/pm)
-
S

10°
0.01 0.1 : 1 10 100

Wavelength, A(pm)

1000

Fig. 13. Spectral radiant emittance for

varying wavelength and temperature

Radiance ¥-#o] v}elst
A7k, IR 4% (Intensity)= Radiance®] A|7]9} Z}
= w3zt wE dEiXs WY Foz TdEH
7] W&, Holg WHo| FFezr & 55=
F2oA i A5t A AeE ggdrh
v.Z2 &

437 R JgA4 24 A7E
F5A F9 IRERH R 2
Nzde FEEQ. olgd A
o2 golg A o IR 2
AL 1A A2" 7F5E 93 9A
UCAV Zd X45CE nlgto g 71449 9%
ARste AR ATEAE FRsAen, o
Hgor 4 =58 HA8AT CFDE °]
g3t =& §5F ML FPdeH,

o X L& FE =FFA, o= H}%Ei
TEAY #F4E wigd & R 25E
Atk o2 g WHE T3 MY dFE
€t UCAV 334549 4 #5%4 £ R AsE
d&T & AJT AF B AN AL A
2HE nigo g 33y A A gdg

W A

A

# E£F IRE 13T & /5% 2 IR A5 9
5, #UPF7 EAZE HFE Aol

% 7|

£ AFE BAAARTS SPARATFLET A

LERS %H& NgA FA71e SHATAE A4
o Aoz FRHAFUS
gozd

1) Ball, R. E, The Fundamentals of Aircraft

Combat Survivability Analysis and Design, AIAA
Education Series, 2nd Edition, 2003.
2) Survivability/Vulnerability Information
Analysis Center, www.bahdayton.com/surviac/.
3) Rao, G. A. and Mahulikar, S. P,



E39E F 75 2011 7 37 FUEA 5 R R ASE 4F A2F 659

"Aircraft Powerplant and Plume Infrared
Signature Modelling and Analysis", AIAA
2005-221, January 2005.

4) Rao, G. A. and Mahulikar, S. P,

"Integrated Review of Stealth Technology and
its Role in Airpower", The Aeronautical Journal,
2005, pp. 629-641.

5) Mahulikar, S. P.,, Prasad, H. S. S. and
Rao, G. A, '"Infrared Signature Studies of
Aerospace Vehicles", Progress in Aerospace
Sciences, Vol. 43, 2007, pp. 218-245.

6) Mahulikar, S. P., Rao, G. A, Sane, S. K.
and Marathe, A.G., "Aircraft Plume Infrared
Signature in Non-Afterburning Mode", Journal
of Thermophysics & Heat Transfer, Vol. 19, No.
3, July-September 2005, pp. 413-415.

7) Rao, G. A. and Mahulikar, S. P., "Effect
of Atmospheric Transmission and Radiance on
Aircraft Infrared Signatures", Journal of Aircraft,
Vol. 42, No. 4, July-August 2005, pp.
1046-1054.

8) Mahulikar, S. P., Kolhe, P. S. and Rao, G.
A., "Skin-Temperature Predicition of Aircraft
Fuselage with Multimode Thermal
Model", Journal of Thermodynamics and Heat
Transfer, Vol. 19, No. 1, January-March 2005,
pp. 114-124

9) Mahulikar, S. P., Potnuru, S. K, and Kolhe,
P. S, '"Analytical Estimation of Solid Angle
Subtended by Complex Well-Resolved Surfaces for
Infrared Detection Studies", Applied Optics, Vol. 46,
No. 22, August 2007, pp. 4991-4998.

10) H&3, H4%, BEF, 2D FHAG =
2 4% 2 % A4, BFRITHY 20094
E FA8legld =7, 2009, pp. 483-486.

11) Mattingly, J.D., Heiser, W.H., and Pratt,
D.T., Aircraft Engine Design, 2nd Edition, AIAA
Education Series, 2002.

12) HEY, oA, HBE, 143, HHS, "
e ¥ F5 o mE 3 HeH A
3 B4 24", 54 r]e 8 A, A,
A|5%, 2008, pp. 84-91.

Rear



