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NUMERICAL ANALYSIS OF THERMAL FLOW FIELD

ACCORDING TO SHAPE OF EXHAUST NOZZLE OF UCAV AND JET ON/OFF
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To reduce the IR signal of UCAV, geometrically deformed nozzles are often used in the propulsion system.
However, the application of deformed nozzles can significantly affect the afier-body shape of the flying vehicle,
which may cause unexpected changes in the drag and thrust. In this study, the flow field of an unmanned combat
fighter with a shape deformed nozzle in flight was analyzed using a CFD code. Special emphasis was placed on
the effects of shape-deformed nozzle on the drag coefficient and thrust. In the case of shape deformed nozzle, the
deformations of the nozzle affected the local flow field near the nozzle exit of aircraft and, as a result, induced a
low drag coefficient, compared to the conventional axisymmetric nozzle. On the other hand, it was shown that the

result in the thrust showed no significant difference, thanks to the smooth shape of deformed nozzle.
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(b) Computational grid

(2) Olympus HP engine

Fig. 1 Micro turbojet engine
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Fig. 2 Qualitative comparison of the CFD results and
experimental data
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Table 1 Comparison of the CFD results and experimental data

Channel location | Experiment CFD Error
in rake (K) (K) (%)
Location 1 286.5 288.1 0.6
Location 2 2817.5 288.1 0.2
Location 3 3132 289.5 7.5
Location 4 582.6 651.1 11.8
Location 5 634.4 640.5 1.0
Location 6 352.7 290.3 17.7
Location 7 295.3 2882 24
Location 8 289.3 288.1 04
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Fig. 4 X-47B geometry
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Fig. 5 Grids and boundary conditions
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Altitude][ft] 36,000
. » Temperature[K] 216.8
HlighSeonticon Pressure[Pa] 227293
Mach number 0.8
Nozzle inlet Temperature[K] 831
condition Pressure|[Pa] 117,375.2
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(a) Axisymmetric nozzle (b) Shape-deformed nozzle

Fig. 6 Nozzle shapes
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Table 3 Interpolation output values

Cell Zones > Fluid > Fields
Mass fraction of CO,
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Mass fraction of O,
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Turbulent dissipation rate
Turbulent kinetic energy
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Y velocity
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Field temperature
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Table 4 Drag coefficient
Case Drag coefficient
Axisymmetric nozzle jet off 0.0114
Axisymmefric nozzle jet on 0.0104
Shape-deformed nozzle jet on 0.0095




84 / J. Comput. Fluids Eng.

J.H. Lee - HJ. Lee - BJ. Yang - R.S. Myong - W.C. Kim

110
100
90
80
70
60
50
40
30
20
10
0

mM=0.4
EM =06
M=038

Drag coefficient (count)

Total drag

Viscous drag Pressure drag

Fig. 11 Drag coefficients

g0 FRel njdAe] d ol e gk AR B8t
At} Fig 113 7o) & tF =Z Jet On A5l v}s}l 04,
0.6, 0.8° T3t F &= AFS odF I3 HA FPow
JEEl] BAstL s R vlet 049w P G
38 AL7F YeRgar vkel 04014 062 7k o &8 A
7t 543 S8l of&olA Hed JooR Hed
u FHAGTE WA Stk AEE g8 5 glot Kt
BE vlekr G9eA bE dEo] WA AR AR
Uehhs A4S I8 4 loh vt 06014 vtk 082
Wk o) & T WPt gl AoE e
ol a8 A= =)

A A3t ol
R 74]$7P 7k Rk 34
S 75*‘%% HAEE oufgitt o)+ 443

WAshe npE Qe 3y ,i ¥
© TEde) S5t Sl uet
of| 5] whzhel] w3t o] A oE fha
% o] Ztt.

Fig. 125 B2 329 §Ix]ol| wiet & AFE 23}
o] FAslth 9%, QEERE 77} wisl 067 08°1V19l
Pressure ContourS LFERATE vlalx] SHlex] HEo] AAMS
7]_,___§ )\Mﬂ o];ﬂ,] B()dy HH /\Vﬂ o]_r,] Aﬂerbodyi
Tt 39 ArE 24 F’f‘ﬁ‘r H}O}TA 7%l et ]
8] Body?] @7l &k
7 o <l %:7}0% ﬂ&‘?‘; A T 2W e
aste] AR ow g9 Ags Sk B8 € T Utk
SHARE Afterbody?] 7d-5-ollE rkekr S7tel wet 39 Ak
7} Bk YHE 02 Afterbodyoll M w5 S F3)
He 259 Pumed F #EY & Aol o
Entrainment 3&/0] FQ381tk B wlsl7) 060014 082 5
7kete] Plumed} S fr5dl £5 Aol7t fhaste] A7z o
2 39 Agvt ashs Aoz vl

o,

>

=

)
o
1 o
X
4>
2

g

F

ofr
F[F
B

o 1o
w4
rl
N
—

]!

Y
1o

= m oX
2 oox fMr
oo g

[
2

11 _L..
O_L..

oo OSL‘

o,
2,
oY,
S %‘5
—-
O
P

°
oo
I
=,
o2,

i_r’l
1o
é

o Rl IH 1l 2
2

R

)
Aa o2

of
ﬂF
i oW

_l

=7

Y 5]
5 M

O::‘

M
o

-

y

Pressure [Pa]

T T T
3800 6600 9400 12200 15000 17800 20600 23400 26200 29000

Fig. 12 Comparison of the drag coefficients and pressure contours for
Mach 0.6 and 0.8

42 E

% % =Zo] #4¥ FullScale 2! #
Ao9l A9l AEA A= SRS o3
A9 dfsds A8
. Bd 5ol AF7| 2= Northrop Grumman®] X-47B 8-S
ALE WSt wat w=o] ) Hygo] ggF

g
uf Z;
23
ot
=
N
°
2
oo
i,
g |
9

s
o
ol
ol
)

o &

N
2
N

2
OHl o0
i)
-3
ky
o o

o
52
oS o
g
m
o2 P
X N
Bmix
o
£
RI.
V P
M ofg
2 o
> [
Eﬂni"
32 2
_\1‘_(,_1_4
.
W o
1 M
lo 1z

A x

=
o
N
1o
—[o
_,d
S
=
=
=
k=N
=)
>
=

oo
i)
X
¥
et

ol
-
X2
B

749-2] Temperature, Velocity, Pressure E--573= H| 1L
atar BAEitE & oY =9 Jet On 73-%-°l= Plumed]
et ot AHHRE] free® Qlsl AYsk= Diamond % E
o] FAdbe THE Hot Spoto] FRIHGITE o]= Qlate]
Temperature, Velocity, Pressure Contour®]4] Plume®] Core %13}
of w} Bl gro] w43 WEs ERlsGith & i
Z9] Jet Off Z-9-colli= dXlo] ZEahA] FFor Ts|
oA Plumeo] #5HA] Agkeh mptow FF WE ==&
] Z-§-oll= Hot Spoto] ¥ EAIR & tfF 2ol vj3)] &
© A-9olA Plumec] Fi1 A AAES ZRl Stk ¥
719} 7F 7R Bo A sl AU Hot Spot E3+ =
A o] Ble) EE Aol zZhe EuEe 7S gl
Epias

e AeE vlugt Ax, 3 HE =59 et On, 5
w29 Jet On, 5 tF =E9 Jet OFf 02 Y
7F AREEQAEE B WE w0 AE =E0 3N W

£

0

—101' H



NUMERICAL ANALYSIS OF THERMAL FLOW FIELD ACCORDING TO SHAPE--:

Vol.23, No.1, 2018. 3 / 85

F37] % FAY F W] YFS viA v Y A
75 Yehiglth & tid =359 Jet OffS] %9+ Plume]
HHoPXl o} Jet Onel

g7t Aste] &2 @Y ATE Ho
w59 & oy _LL%A %E—%% B3
UA kol w3k v =
sl E & 205 L}EMX] Sl =y o}zm gelo
W7 gl A oY e A 4 ¥

e F éﬂf— Bk w3 g3 ww %’42101] e
e Al 4 e 1 e w}ﬂ} e éxk

AR Bl ksl AT} R Ysle =
E3AAE Al Astoz FaHL

s

References

[1] 2000, Lee, K.T. and Lee, KH., "UAV-Current and Future,"
Journal of The Korean Society for Aeronautical & Space
Sciences, Vol.28, No.6, pp.142-163.

[2] 2016, Park, SH., Chang, K, Shim, H.J., Sheen, DJ. and
Park, S.H, "Computational Fluid Dynamics of The
Low-Speed Longitudinal Aerodynamic Characteristics for
BWB UCAV Configuration," Jowrnal of Computational
Fluids Engineering, Vol.21, No.3, pp.48-54.

[3] 2017, Jo, Y.H, Chang, KS., Sheen, DJ. and Park, S.H,
"CFD Analysis of Aerodynamic Characteristics of a BWB
UCAV Configuration with Transition Effect," Jowrnal of The
Korean Society for Aeronautical and Space Sciences, Vol.42,
No.7, pp.535-543.

[4] 2016, Park, D.H., Kim, CW. and Lee, Y.G., "Comparison of
Commercial and Open Source CFD Codes for Aerodynamic
Analysis of Flight Vehicles at Low-Speed," Jowrnal of
Computational Fluids Engineering, Vol.21, No.2, pp.70-80.

[5] 2005, Rao, G.A. and Mahulikar, S.P., "New Criterion for

Aircraft  Susceptibility to Infrared Guided Missiles,"
Aerospace Science and Technology, Vol.9, No.8, pp.701-712.

[6] 2013, Kim, J.Y., Chun, S.H., Myong, RS. and Kim, W.C,
"Computational Investigation of the Effect of Various Flight
Conditions on Plume Infrared Signature," Jowmnal of The
Korean Society for Aeronautical & Space Sciences, Vol41,
No.3, pp.185-193.

[71 2016, An, CH., Kang, D.W., Back, S.T., Myong, RS,
Kim, W.C. and Choi, SM., "Analysis of Plume Infrared
Signatures of S-Shaped Nozzle Configurations of Aerial
Vehicle," Journal of Aircrafi, Vol.53, No.6, pp.1768-1778.

[8] 2013, Kang, D.W., Kim, J.Y., Myong, R.S. and Kim, W.C,,
"Computational Investigation of The Effect of UAV Engine
Nozzle Configuration on Infrared Signature," Journal of The
Korean Society for Aeronautical & Space Sciences, Vol4l,
No.10, pp.779-787.

[9] 2000, Hines, N.R. and Mavris, DN., "A Parametric Design
Environment for Including Signatures Analysis in Conceptual
Design," World Aviation Conference.

[10] 2005, Rao, GA. and Mahulikar, S.P., "Effect of
Atmospheric Transmission and Radiance on Aircraft Infared
Signatures," Journal of Aircrafi, Vol.42, No4, pp.1046-1054.

[11] 2013, Go, G.Y., Lee, K., Lee, KJ.,, Kim, MY., Beak,
SW. and Kim, W.C, "Effect of Atmosphere on IR
Signature from Aircraft Plume with Observing Angle and
Flying Attitude,"
Engineers Spring Conference, pp.161-168.

[12] 2013, Shim, HJ, Pak, SO. and Oh, SY., "An
Experimental Study on Aerodynamic Coefficients of a
Tailless BWB UCAV," The Korean Society for Aeronautical
& Space Sciences Conference, pp.110-113.

[13] 2009, Kim, W.C, "A Study on the Prediction and
Measurement of Afterbody Drag for a Supersonic Aircraft,”
Journal of the Korea Institute of Military Science and
Technology, Vol.12, No.6, pp.711-718.

[14] FLUENT Theory Guide.

[15] FLUENT Basic vi3.0, TSNE.

[16] 2017, Lee, HJ., Lee, J.H.,, Myong, R.S., Kim, SM.,, Choi,
SM. and Kim, W.C, "Computational and Experimental
Investigation of Thermal Flow Field of Micro Turbojet
Engine with Various Nozzle Configurations," Journal of The
Korean Society for Aeronautical and Space Sciences, Vol.46,
No.2, pp.150-158.

The Korean Society of Propulsion



	무인 전투기의 배기 노즐 형상 및 Jet On/Off에 따른 열유동장 특성에 관한 전산 해석
	1. 서론
	2. 본론
	3. 결과 및 분석
	4. 결론
	References


