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SHAPE OPTIMIZATION OF UCAV FOR
AERODYNAMIC PERFORMANCE IMPROVEMENT AND RADAR CROSS SECTION REDUCTION

YM. Jo' and S.I. Choi”

lAerospace Engineering, KAIST
errospace Engineering & Cho Chun Sik Graduate School for Green Transportation

Nowadays, Unmanned Combat Air Vehicle(UCAV) has become an important aircraft system for the national
defense. For its efficiency and survivability, shape optimization of UCAV is an essential part of its design process.
In this paper, shape optimization of UCAV was processed for aerodynamic performance improvement and Radar
Cross Section(RCS) reduction using Multi Objective Genetic Algorithm(MOGA). Lift and induced drag, friction drag,
RCS were calculated using panel method, boundary layer theory, Physical Optics(PO) approximation respectively. In
particular, calculation applied Radar Absorbing Material(RAM) was performed for the additional RCS reduction.
Results are indicated that shape optimization is performed well for improving aerodynamic performance, reducing
RCS. Further study will be performed with higher fidelity tools and consider other design segments including

structure.

Key Words : UCAV, Optimization, Genetic Algorithm, Panel Method, RCS, RAM, Physical Optics(PO) Approximation
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Table 1 Design Parameters

Variable X(i) Note
X(1) Aspect Ratio (AR)
X(2) sweep angle from the Root section L.E
X(3) sweep angle from the Breakl section L.E
X(4) sweep angle from the Break2 section L.E
X(5) Root airfoil thickness
X(6) Break] airfoil thickness
X(7) Break? airfoil thickness
X(8) Tip airfoil thickness
X(9) Break1 twist angle
X(10) Break? twist angle
X(11) Tip twist angle
X(12) Break1 to Root chord length ratio
X(13) Break?2 to Break1 chord length ratio
X(14) Tip chord length
X(15) Break! to half wing span location ratio
X(16) Break?2 to half wing span location ratio
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Fig. 6 Initial Design of UCAV
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Table 6 Optimization Properties
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&(Transmissivity)oll e} Mgtk &2 AFolA= #Holy & Initial Population 100
AS Ag37] g8l ¢bd EA(Perfect Conductor)®! UCAV ) Population on each Generation 40
- . Object Function Number 3
7 Ex 710 & €]
Rl 54 @t= 7HE dlet] FRAR A8 84S 2 Number of Box [x v 7] [150 150 150]
) - Maximum Number of Box 300
Table 4 RCS Calculation Conditions
Angle Mono-static Bi-static Table 7 Variables Range
%; —Or 0_ Variable X(i) Lowen(%) Upper(%)
0; - o 135 X(1) 1.5(-25) 2.7(35)
o, 0° 0" X(Q) 45.0 65.0(44.44)
0, [0°:180°] [0°:360°] X3) 45.0 65.0(44.44)
AG, 5° 5° X(4) 45.0 65.0(44.44)
Frequency 10GHz 10GHz X() 0.21 0.252(20)
Polarizaion Incident 0 0 X(6) 0.152(-20) 0.228(20)
Polarization Reflect 0 ¢, 0 X(N) 0.07(-30) 0.13(30)
X(8) 0.056(-30) 0.104(30)
Table 5 RAM Properties X0) -2.0 2.0
X(10) 2.0 2.0
Angle Value X(11) 2.0 2.0
Real[€] 3 X(12) 0.6(-20) 0.9(20)
Imagine[ €] 0.9 X(13) 0.8(-11.11) 1.0(11.11)
Real[ 1] 1.103 X(14) 0.02(-60) 0.1(100)
Imagine| i1] 1.266 X(15) 0.2(-20) 0.3(20)
t/\ 0.1 X(16) 0.45(-25) 0.7(16.67)
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. 1 . 1
f(l) B (-L/-D) B [CL/(CD_induwd+ CD_friction)] (1)
f(2)=RCS,,,, @
=In [E (exp(RCS,0.5i) +exD(RCS, 10 4:))]
i=1
f(3)= RCS, ©)]

=In [i (eXp(RCSM,¢i) + eXp(ROSbL,Oi))]

6.1 el REY
= OE‘:rLOﬂf‘i *ﬂ ]

S, Werhe 2~ 6° 2 AASTh Al g 2L A

£4& aefste], dielA= 900712 #d oé?—i 142
o= 7 (Symmetry Condmon)— 2-g-5}o]
UCAV Ewol ¢k ¢ubslle] TH el AA Axtdeo] oF

13057l e] ARpE Ads] AR Ak Ay
sfute] CPUCl dis) Atetela, ede WA siAHe
Ne] CPUE o] &3to] W& A A Parallel Computation)S =33
ST AN 42 oF 26%, 404elth A el A
Zpzy e sdat Ak w=As Fig 133 2tk
UCAV®] Root, Breakl, Break2, TipAAel t&EAFE 2+
zﬂ}dq oflojx e Howlako 7 wA|slY AXATE Yeh)
W Fig. 149} 2tk TipAAdS Al9labd sds) e de] %A
2 sjAe] e B AR s AL B 5 glom TipAd

= =

ﬁ Fl°

|
‘l

0.02

0.018

T
I
|
»
I
o
a
o

0.016 F A

0.014F

0.012F

¢ 0.01
0.008 |

0.006 |

0.004 |

0.002 |

TR SRR (AR SR W
(9.05 0.1 0.15 0.2 0.25 0.3

Fig. 16 Drag-Polar Comparison with Panel Method and CFD

o A2l AolE ZIEAMEH|7E B UCAVI/Fe] 54
G 2 o el 7k Aoz A7hE E}. Ak

& g
15 Aol F el A A

] =2

Fig. 159} 7EL°] eI SIH 01'?3‘594 E‘i’i Q E'—".?:l]
BE7b AR G918 4 gl
5o F ALl o
Al deq o s Hdie] ey o
AR FgEAGFTE v
£ A E 7 oAl
do] frAstER ddie 2 AFelA] e fEdd
2 BAlE Ao doEt 7 Al ojs), wazt W
of mE AT Apolo] Ak Ao &

44 el vl



64 / J. Comput. Fluids Eng.

Y.M. Jo - S.I. Choi

35F

N a
of &

s a
25k %5

g a8

RCS,, (dB)
N
o

-
%))
T

- =
0(.)045 0.05 0.055 0.06 0.065 0.07

Fig. 17 Pareto Front along each Object Function: (a) Overall Pareto Front, (b) 1/(L/D) and RCS,

1/(L/D)
(d) RC mono and RCSV]//
of B4H Aol noln, ol AHsel ol = 9P

9 S
o nelry webA a2 Aol
2 glrpal Ak

6.2 =& st z#u}
6.2.1 Pareto Front

oot S=81¥l A3t Ayl & 33709] Pareto Front7}
ARG}, FA8d4o] tisle] Pareto Fronts TAISHH Fig.
173 2. duHe=  Rres,,.9 RCS Al vl
1/(L/D) ] Aol & o HHA Bo] &g lon
ole st HAsrt & o 2 e o= Holm Folr
E}‘ﬂﬂoﬂ el o U2 HA5 235 97] faixs F7H

k= b i Nl g ekt

o Azkar)

6.2.2 SA&S Hn

£] Pareto FrontollA] 7|4k} vk

rlo

BAYSE A

(b)

60
g o
50
4fF
a
a

RCS,,. (dB)
w
o

m]

LB B L B |

PR TR SN NN SN SN ST [T SO S S N S S ST
0045 005 0055 006 0065 007
1/(L/D)

RCS,, (dB)
S
(A REARE RRERS RRRRN REREN RERRN REREE RRRE

3020 50 80
RCS___ (dB)

mono

o
o
o_
N
o

() /(L/D) and RCS,

mono’

= HA43 9 389 2HE T able SJJr o] LERA AT

Candidate] & Z7|&GAwtl 1/(L/D)oll thal oF 14%<]
P 5@@-’?% 7}, Candidate2, Candidate3 T3+ ©F

e 7HAY uwlebd Adbd oz AHAs)
%}@17\:}‘5‘\—7]’ o]_%o{ E]'Jj— ‘&L]—%]_E]' Aﬂ 75_’}' nF CD,frmsion

Table 8 Comparison of object functions

Segment ];l;lst:gln Can(dll;/od)atel Can(dll;/;i)ateZ Cang’i/:.l)ate?)
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Fig. 18 Shape Comparison with (a) Candidatel (b) Candidate2
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Table 9 Comparison of Design Parameters

. . " Candidatel | Canditate2 | Candidate3
Variable X(i) Initial %) (%) (%)
27 2666 | 2633
X(1) 20 35) | (33316) | (3L668)
450 | 47047 | 48280
X 45.0 (0) 4.548) | (7.290)
4509 | 50339 | 49908
XQ) 0 (02) | (11.864) | (10.907)
64872 | 56046 | 54382
X@) 430 @4.161)|  (24547) | (20.848)
0249 | 0243 0.240
X() 021 (18745) | (15775) | (14.288)
0206 | 0202 | 0208
X(6) 0.19 8330)|  (6304) | (9.250)
0.130 | 0128 | 0.130
X(7) 0.10 (29.633) | (21.545) | (30.0)
0088 | 0.081 0.080
X(8) 0.08 (10490) | (0967) | (0.612)
X(9) 0.0 018 | 0979 | -1372
X(10) 0.0 1415 | 0803 | 0525
X(11) 0.0 20 1.053 0.643
0631 | 0670 | 0682
X(12) 0.75 (-15.869)| (-10.634) | (-9.045)
1.0 0962 | 0.949
X(13) 0.9 AL | (6918) | (5202)
0036 | 0050 | 0.055
X(14) 0.05 (27.081) | (0.088) | (10.502)
0208 | 0222 0236
X(15) 025 (-16950) | (1.071) | (-5.520)
0682 | 0632 | 0647
X(16) 06 (7.076) | (5.263) | (1.890)
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Fig. 20 Surface pressure coefficient distribution comparison with Initial design & candidatel: (a) Upper surface (b) Lower

surface
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Table 10 Aerodynamic coefficients comparison & improvement
of aerodynamic performance along each solver

Segment Panel | CFD | Emor (%)
Initial Design

O 0.11970 0.11637 2.851

Cp induced 0.00203 0.00310 -34.672
Cp._ friction 0.00476 0.00476 0

1/(Z/D) 0.0567 0.06756 -16.065

Candidatel

O 0.12037 0.11644 3371

Cp. i nduced 0.00101 0.00221 54.418
Cp._ friction 0.00487 0.00487 0

1/(Z/D) 0.04885 0.06082 -19.688

Improvements(%) | -13.853 -9.967 38.989
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