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Integrated design on aerodynamic and stealthy of flying wing unmanned
aerial vehicle based on stealthy inverse design method

ZHANG Le', ZHOU Zhou®, XU Xiaoping’

( L.Institute of Systems Engineering, CAEP, Mianyang 621900, Sichuan, China;2.College of Aeronautics,
Northwestern Polytechnical University, Xi” an 710072, China)

Abstract; To obtain both good performance on both aerodynamic and stealthy, integrated design and analysis on
aerodynamic and stealthy characteristics for flying wing unmanned aerial vehicle (UAV) is conducted based on
stealthy inverse design method, focusing on the big bump in the fuselage of twin-engine layout flying wing UAV.
Then a kind of fuselage with leading edge similar to eagle mouth is proposed, whose leading edge radius of airfoil is
decreased. Using computational fluid dynamics ( CFD) method, the numerical simulation is verified on M6 wing.
Physical Optics (PO) and Multilevel Fast Multipole Method ( MLFMM ) are chosen for numerical study on the
stealthy performance of cylinder and a certain scale model of flying wing UAV. Moreover, the verified methods are
applied to study the aerodynamic and stealthy characteristics of flying wing UAV. The results show that the
aerodynamic and stealthy calculation result is close to the experiment data, indicating that the numerical simulation
method is valid. Not only the longitudinal aerodynamic performance of flying wing UAV with fuselage leading edge
similar to eagle mouth increases appreciably, but also its stealthy performance improves significantly in the forward
direction with the azimuth angle from —25° ~25°. In addition, it indicates that the stealthy inverse design method is
effective. The design with leading edge similar to eagle mouth mainly affects the pressure distribution of fuselage,
and it is helpful to advance the lift/drag characteristic. At the same time, the stealthy performance of the optimize
design is better than the traditional blunt leading edge at different frequencies and rolling angles.
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Fig.1 Assembly of wing surface on flying wing UAV
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Fig.2 Schematic diagram of initial model of flying wing UAV

B EE C Z A A T R B
T FE AR SRR i A T A R T, 25 rE R B
BB S KBEAR T AHLAT 19 f 3R RCS, A3 F+ B
SPPERE, 20— I T B B S T S Y K R 5K L
I R B B SR TR TR PR R A )R
I THBH TR T, AU RS L B I A # L fe
BIv it (EEETEIERIZ) , NTESCEE T
TGN A3 AT P AL B A T 2 5 5% 10T S S5 1 9 Ay 2 Tt
PR 31 Sk G A 55 R A SCRR B SO T 40 L iR
RS, AT R TE A ML AR R L A B R
SRS s A B BOTC A HLEE T L 5% PR R ST R
G ORIE  TET R IR IR R M B R T
R 58 L AR DX, o ST R R AR N B
LB AR A T LIS I BT s e FET 2 TN
LR AR A5 , % TC AMLAIL B 38 1T A7 — 22 19
ity 3R AR ( Ay s R BB B 1 B A, RS IR
PG )

RETU RS R R, $& T — R
RIRT PR RS WS T i i i, g 17 R Aq
JE AL R AL ANl 3 B X RS HT 215 T AT LA B
TN TC AALHT [ A ) RCS, JCH AT BB 25 35 42
T BB PERE. DI Ah X R AT S B AT RE S AR AR
S, NI B FIEAALEY B B AH ] i), 3828
IR0, T RE 23 5 B0l PE BRFE AR 3 K
AR N RRACR, AN S 7 = BT 5 A T e A X A
AN PR SRR SR T R EEAEAL B .

B3 *EARMLLEE

Fig.3 Schematic diagram ofoptimization model of flying wing UAV
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Fig.16 Surface current comparison between initial and

optimization model of flying wing UAV at thefront
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Tab.2 Mean value of RCS between experimental and computational
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of flying wing UAV at therolling angle of 5°
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