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ABSTRACT

Nozzle configurations and atmospheric conditions play a significant role in the infrared
signature level of aircraft propulsion system. Various convergent nozzles of an unmanned
aircraft under different atmospheric conditions are considered. An analysis of thermal flow
field and nozzle surface temperature distribution is conducted using a compressible CFD
code. It is shown that the IR level in rear direction is considerably reduced in deformed
nozzles, whereas the IR level in adjacent azimuth angles is increased in aspect ratios
around 6 due to the plume spreading effect caused by high aspect ratio of nozzles. In
addition, an analysis of atmospheric transmissivity for various seasons and observation
distance is conducted using the LOWTRAN 7 code and subsequently plume IR signature is
calculated by considering atmospheric effects. It is shown that the IR signature is reduced
significantly in summer season and near the band of carbon dioxide in case of relatively
close distance.

Fz7l FHA A2He] R A9AELE =534 8 d7jzdd & 9% A doh 2
FEFEE EA7] As) dwA 2ds 7Rl Gl 2 F3 AL AUE FE5-
=5 Atk WA 454 CFD IE=E o] 838te] R AS Aldtel 423 4#%5%4 3
EERY 2R YRS AU FF R ASE AL 2 23 543 dsrEe
3] Fadhe Wi, =20 2 FHdANE =29 JtEAEN S7ER Q) 8ol
T2 FAFol 54 tRARMGN FHeg F7tE EF R A7 PSS FAst
At e o2 LOWIRAN 7 3=9} dAste] Ad 3 #5732 Wt 0e o7] F4
&= TAsL 1 Ads vEo s griadrt uddE 5 IR AZE Adstan. A
Aat Aol A5 B9k Hla oA ASAR A ojikstgh MEdA IR A&7}
A3 Fashe AL stk

il
Jo

Key Words : Infrared signature(3¢]4 4l%), Plume flow field(ZF
Atmospheric transmissivity(t] 7] & 2}&)

t Received: October 16, 2013  Accepted: December 26, 2013 http:/ /journal ksas.or.kr/
* Corresponding author, E-mail : myong@gnu.ac.kr pISSN 1225-1348 / eISSN 2287-6871



#4215, 2014, 1, 5 R e bE F5719 EF R AS A 11
1. M 2 gd As FFEE AR Decher[8] =
Z &7 40 R Az mXe 9FHE 24
Az APANY $AE e FEe) o g ST clgelE Mahulikar [9]= &37] plume
AET Qom WA s wate] wa Azy AU AEE FAHLR ANEE A7 7
(survivability)[1-2]o] & 82 % sz ¥zt 3313, Rao[10]= ®i7] F#&3 WA =7 &
g3 Qo #@y A Fas dade s o/ ALd Asel WA= Gl disiM AT
/79 AEJG deFE ] AL AT Y= 3}‘5’35}. o|& &3l 13117_1%7301 IR 2150l "X
o] o A a7Hm g AAolg, 4 T HE FES HSEUT. A=
=48 3] & 2] 4 (susceptibility) 2} F ek A8 Si1]el R =2 Fde] S5 IR Aee
(vulnerability) F7FA 792 Us 4 d=d, PIA= Gl el g7 AR AR TE AT
o] ol EAAAL E=A7 HA wBxHe L HdE HFED S22 F¥7] HLRTF
RS AT 2EHx F)eo] Gy 4 0 HE FF R AZ GFY d7E &AL,
=4 o) W 29e o = stk & 1719 F13]e #= Z4xe) vy aTo uE
A Gy 2Ezel BER e mFo] = WIIEAES 3T F¥7] FF IR Azl i)
Aol 7]&S BOsw gon Zue oy =y DT FF Atk SHAY AF7A Y =Tl
oA s Agsk AP w Yok aepd Fy T E =ESE SR 24 Wk g2 25
o] qFy) 2" 7% F2e AAZY we =8 WS 2HS RFI flow, =29 IA
wo] Hxx glom, MAR gy = 7 HE R W7IED Wsd] GE IR A5 T4
Fe A%A Anstn ok =@ Py g W ATE vIFD Aol
Agke A7) Boke] Furg AvE As) gy v DrelME FeU] R e AgdA Ay
o Ags 9277 AEET gon, ojys g = s olAAT] FAZET] =5 &4 W
A7NEd g FEr)) BAE Aagtety] g5 o HE IR Ase] P AFUIS wFgoR
A Bz de4d BE A5 A7 )2 Aol BRI =S w52 A # wrjxd W
AASA a7E T Quk Fdz2se wexdy o 42 25 IR A5 JF didtd £
BEE Azoe FHoA AE[35], doly ve], Mt =F R 7] EFAAMY EdRedE =5
o, 7ANBA So] Qo gekrow Hox o ET FEARY B SE wste] wEhA Y
Nze] A ex 25%, dolul e A$ #ol L, ol MBeE I3 FF R AeE F
) TAAARCS) 12 dB, 259 A% 6 dp2 st F37] =59 I 25 R AE
DAAFE FE7e gAGgE Auwoz =9 O PAE FFS BASIAG =3 ALE EFF
2 QA "} oot pe BAL wAyEly] ¢ IR AILE Rlg o g AF 2 #FAg W] o
e FE7 AT 279ARE g4 7as & 7] FHES 248k di71@73e] R A&
9% A &S dotsjol s, 53] A Fuk o WA= dFEE LA o5 f& A
Bo Aol Er%53 F37] 4 2 Fr@ 719 FRIFE7I0EURON)Y A% R AT 2
o] AAE 27 HHRA A2 g n$ = TEUE o83, AEDsys[15]5 F3 X A
st g7 AR #hE AE F Fs) T SHHS FIEa, avxis wEse 4
A AEE AN E 22528 A/ 0 =SS AAEAT 28 d3x=ES VRS
717k, w71 7kze) 93 AAGRE, g o3 2 F91¥93¥7] nEUROnS =S5 Fiste] g
MG, BAWAL 9 2 A AR, gg gk 7] =29 7 tRARY R FES WA
A} So] glom, o] F §Ey) FAFA v FAWHE =FS AAEIAC olF niEoez A
Aals w7)7bA 2@ 1o »=Z FwWowmpg  £3E=9 CFD-FASTRAN[16]S ©]&3te di5
LSS o FEY Fod Ase 9 34 8 A d4E sdsta 1 548 E4sH Ef
719 F& B HY| Wid, dFr F27]  FF AHEF}E HBOR k= WIEFE 2%
7o Hd Fa el FF7] B FFY T ALSY 54F L4353, narrow-band
A4 v)Eelgta & 4 Ak 2dE o8t d37] 2% IR AEE A4t
27 R A% #2d #F d7e el Ak =G w7y s e sl
2 AFAEsd s tgsA JABHUT.  LOWTRAN 7(17]S ol &3t Adx #5Ae 9
Thompsonol] 28] ZAA AlFRuA[7]dE ®37F F IR Az mA= G thair &
IR suppressor &2 5o gk vj7|7t2=9] A 23Rt



12 FES . hoy .

A2 T B RE

=1
[ZINY

X

oot

OH

N

0x

or

Ar

>

L=}

Mo

oot

N W

[

o > o onx
o o tlo

i

o N2 oft ME

ME m
2SI oV T Y

T8

o

ko

b

AL AT N ol
ok o 1%

S

o2l

NN
(e
e 2

AEDsysE A8-3le] 33,

24 BA-E Fig. 10] 8.oFsl 3t

A Dassault Aviationo| A 7| =9I
a

L= =] =
Q7 B A% a7z

A =
R AsEA

o% #U 7 H5S
18 37 TR 2 A5HNe T A4

Sk (o] =]

37| 4F M= ol

ol M= e XK

e EER
-

= 4%

= & a [= =] = (=]
o 35% @l Y
x

L J

Fig. 1. Engine performance analysis procedure

Cruise & Loiter Cruise & Loiter

s

b : o
o,
Q2 *.
£ 2 ) %
§ 2, & % %,
o [} X
,x?' /4 & “ \é\ %
S 4 N Y
& feg

Fig. 2. Mission profile of UCAV

Table 1. Nozzle geometry and inlet condition

oo Inlet (m?) 0.18232
0zz1 Outlet (m?) 0.12617
geometry
Length (m) 0.964
Mass flow (kg/sec) 17.19
. Gamma 1.3477
nlet )
i Static pressure (Pa) 104,739
condition
Static temperature (K) | 629.86
Mach number 0.4454
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Table 2. The component ratio of species at

nozzle
Species Nozzle inside Free—stream
No 74% 78%
O - 21%
CO» 13% 1%
H.O 13% -
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