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Abstract: To enhance the aerodynamic performance of a solar-powered unmanned aerial vehicle (UAV), this study
investigated its geometric shape optimization. First, according to the aerodynamic performance requirements of tailless
configurations, the overall aircraft layout scheme was designed and parametrically modeled. Second, software modules
including CATIA geometric modeling, SpaceClaim preprocessing and Fluent discrete solution were integrated via the Isight
platform to establish a fully automatic simulation [ramework covering the whole workflow of " modeling-preprocessing-

numerical calculation”. Combined with the Kriging surrogate model and non-dominated sorting genetic algorithm (NSGA-1[),
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an efficient aerodynamic shape optimization system was constructed. Finally, multi-objective and multi-constraint aerodynamic
shape optimization was carried out under the low-Reynolds-number cruise condition of the UAV, where the minimum drag
coefficient and minimum pitching moment coefficient were taken as optimization objectives, while the lift-drag ratio and
projected area were set as constraint conditions. The results show that the optimized UAV features increased wing-sweep angle
and aspect ratio. The scope of low-pressure region on the upper wing surface and the pressure difference between upper and
lower wing surfaces both rise accordingly, delaying flow separation at the trailing edge and reducing drag. At the design angle
of attack, the lift coefficient increases by 3. 9% , the drag coefficient decreases by 5. 5% , and the pitching moment coefficient is
reduced by 16. 8%. At off-design angles of attack, the lift-to-drag ratio also improves. Overall, the aerodynamic efficiency and
{light stability of the UAV are significantly improved. The proposed optimization framework provides a valuable technical

reference for enhancing the aerodynamic performance of UAVs,

Keywords: fixed-wing aircraft; tailless layout; aerodynamic optimization; genetic algorithm; computational fluid dynamics
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Fig. 1 Tailless solar-powered UAV structural model
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Tab. 1 Initial shape control parameters of UAV
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Fig. 4 Aerodynamic shape optimization process
2 () RHEHLI ., HU 7 22 550
Cov [2(x,),2(x;)]=0c"R@O.,x",x") ., (2)
Hrp

R(@,xivxj):CXp[_iek‘IL_IQ ‘2] 7(3)
k=1

(2 A H 0 AR B K S EBAHE 75 T b
ke R RAE BT R Y 43 A AR L A O T
x'ox? RIS i HRREE S,
1.2.2 Heli -G

TE ANHLUR B AME A A o B 5 2 B 52 AT A B 1%
P A0 & R 15 S i B A S B A AL
AR, DI, A Tsight #CPF 4% CATIA g4,
SpaceClaim Bj4b#E  Fluent B #K f# 45 T BE A< B i7E
T RGN

D) CATIA ## @d7E CATIA 2K fb it
AR OB B 112, Skl VBS JIAS, IF g 5 1k b 21
A S B 17 Bl BT 5 A% e 4

2) SpaceClaim #ERIFTAL PR FE SpaceClaim %K
PR LLR 51 7 2 S 9 15 80 b 315 Bork 5C AR 1y
Python B4, 45 5 X} i it b B 4

3) Fluent BHCRM AU TUL fr 455 &
HR T A 0] 3 BEDAS A SO AS P9 X6 I 228, BRIV ]
%, s B FR e « /scoped-sizing/create cur cur-
vature face-zone yes no "wing" 2 30 1.2 10 yes &
RS R SCR wing” (R R 43 64T J 8 e /N R E R
2 B R RS 30 19 4% 4] 43 5 / mesh/ scoped-prisms/
create prism uniform 0. 001 10 1.2 rel fluid-regions
only-walls "create prism"F /R BI#EH A Z,0. 001 F£
N1 EMARE 10 R A EMREE.



358 ok T

R A3k

B LAE 3 AR B A BIAS K At Ak 203 4R 13 A
BB A S e D 5. A 3 iy BoF 5 8o 15

TR 5 7R Tsight BOPF 238 4 Tk 2k AR 1 A Y
Lot SR s AT IR AT

HE LA

/\

SpaceClaim
ik A

N/

‘iﬁbﬁ’f‘%ﬁ!.scdoci

@-

AR msh 455 .cas

JHIAS vbs
AW
Ej<_, EAftstp i
Isight Database
A5

Fig. 5

2 gt A E
2.1 HEIHE

AR SR AT AR AR J1 22 07 AT W e L %
J7 1 REAUORS B 8 i » T g B ARG A £ 43 B R A L
EARIE . R PHAE T A HLSE i & T K 38 A ] T 46 U
2y 45 05 R O AN ] S 4 T v T 3 20 k- 4T e
T2 CLAT Bk RANS J5 ) o Bk i 37 9% 43 O oF- 24 1
Ak sl i s 15 2

dp | Wou) _

E Ix. 0, (D
I pu;) | I Cpuu;) wp I,
Py + x T, K(—pu;uj)Jr
J (Jﬁj w2 duy
ax.i# ax] dx; 37 dx ’
(5

KW KGO P x, x; ox, SHPLES ik 1
P RE s w, uy w0 LIRS e BB
PRy PONP IR 6, R Bk B 1 4y
Wsul o, N RIS R S i o N ¢ AR,

NEA T REH , 5] A Spalart-Allmaras £ 5 (2J
T AR SA AL fil Ak T v I ) 30, LR i 1
T W EEE R R, SA BRI Ry 28 M4 i I B R,
1 BE T340 B )23 4 B T i IR A AR SCTE AL
AAT TR T B L ML EL BT R AF L B 2 i B2 X
B, SA BERY 2 72 W 5 R 0N L 8 BH T A A 2%
R 15 25 A6 P 42 2 B, LSRR SR 4 s DR M AR S
5k SA BRI, B SRR BUR A E B . %
Fitkiiz A

B ALt AP & B R

Automated simulation platform data transmission process

& 1 a o
pdt—GVJrgv{an[(/l+pv)axj+
dy \?
cl,zp(ﬂ) f+v,, (6

K.y HZahFREL & G, N 7 M
w NI FYE; Y, S LA 3 I I 2 Tk
o, 1 Cy, B RFFE R

AR TR UR L AR SO B e AL
FIF A A A3 AR R P 6 TR AR R KL
BRI 15 f5 . 8 e APLER o SR e i
FEME T, &% €0 T S 5% 0,10 40 0l o O EE A R )
W,

-
=} ~—
vy ~~——
‘\\
/ z
25m N X 71
Y
6 It H AR

Fig. 6 Computational fluid domain
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