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Abstract: A rhombus formation composed of 4 unmanned aerial vehicles (UAVs) like
X-47B with flying wing confliguration was designed.By solving the RANS equations, the aerody-
namic interference of UAVs in rhombus formation flight was studied, and the related mechanism
was analyzed in detatl. The“effect of formation drag reduction was given quantitatively. Computa-
tional results showed that the aerodynamic performance of head UAV remained unchanged, and
the drag reduction of wing UA Vs affected by upwash flow was obvious, but the drag of tail UAV
mainly affected by downwash flow increased, making it unfavorable to the long voyage of forma-

tion. Under the condition of gravity balancing, the reduction of flight drag of wing UAVs was
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caused by the decrease of attack angle and induced drag, while the increase of flight drag of tail

UAV was mainly caused by the increase of attack angle, and the induced drag only brought 20 %

of flight drag increase of tail UAV.In order to reduce the adverse effect of downwash flow on tail

UAV, the aerodynamic characteristics of tail UAV with different vertical spacing were studied.

According to the behavior mechanism of head bird transformation in geese, the flying suggestions

of rhombus formation were given.

Key words: rhombus formation; upwash flow; downwash flow;

aerodynamic interference; drag reduction
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Table 1 Comparison of calculation results of

aerodynamic force at « = 6°

B T EREC MEAREC,  THRIEA
Single 0.329 78 0.017 80 18.52
UAV1 0.335 27 0.017 83 18. 80
UAV2 0.373 87 0.015 12 24.72
UAV3 0.373 88 0.015 12 24.72
UAV4 0.28119 0.018 02 15.61
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Table 2 Comparison of calculation results of

aerodynamic force in cruise state

: W AR MAORE TJHHL

N ! \
a/(%) G Gy k

Single 6.0  0.32978 0.01780  18.52
UAV1 6.0  0.33492 0.01784  18.77
UAV?2 5.3 0.33385 0.01333  25.05
UAV3 5.3 0.33385 0.01332  25.06
UAV4 7.1 0.33468 0.02243  14.92
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Table 3 Calculation results of aerodynamic force of

single UAV
Yfia/C)  TAREC BHIRKC,  THHHZ
5.3 0. 289 36 0.01875 18.37
7.1 039231 0.021 52 18.23

A AT W T UA VA, A % BA R AT R A
AR 3 K, R A R R B B ¥ i, R A
3.7X10 7, 5 e 80 %0 Ay, /5 43 BH Jy ¥ KA >k
T 20% WYBH 1 ¥4 . i X F UAV2/UAV3, H
AT B B0 DU H A ) (5 35 RH T e 24
2.0X10°) Mg B Ak /N (2.4 X 107°) 2 [ 5]
F4 JH s T B T N 1 TR o L R

TR A TRRFZRTE ST
AR TP, LR 25 1 i BA e JE A AL A 1 1 1 468, 3
W B B T AL 1Y 2 25 45 1 0] R0, A0 G 00 5 42
B ANFEARSCHE VL F N o
3.5 EWHITEIY

R A8 17 1ET B 43 BT L TE 24 2R TR g B, R AL
UAV4 B B2z Ry 5l zs , AT BH T 38 b
SR HOHAFE G K, XX T 28 KA A B RAT AL RE |
OB RS PATRE ) A R FSE e . 7R OR 522

JE 4 BA BB AS A2 g i 2 R, an el /R i 2> UA VA
3 2 AR RS 3 S, DR S g BN RAT R S Y
RS A 25 TV 4 DA 5 22 Al e 19— A 2 )

B HESE T TR A Ay X UAVA T B4
B 5% o HAh TG N HILAR X 7 B AR S AR Bl AR
UAV4 T 4 BA v i) 38 ] [B1BE Ay, G0 & 14 Bs o

K14 g% AL UAVA I 0] H]
Fig.14  Adjust the vertical'spacing of tail UAV4

15 4540 TR FFSC A 7.0 K28 (UAVATH S
ZR 50 T T ) LA AR A 2 H b Ay B R IXC TR Dy
[—0.56,0.56], B8R, A Ay BUEYE in, UAV1
FEAE NF PRI R R 0 55 , UAVA T 1 &
BB i G, 635 28 I B B ALTE 7173 A B
Tt 7K o IR LA Y Ay=—0.16 i,
UAVA T 1 F B E /N, 4 Bl o, Ak UAVA
2 EHG T VA W oL X T RE S B ORI A
o UAVYTEANHL™ 4 T ¥ S 80k B UAVLE 2
Il SR A G .

0.365
0.360 f
0.355 F~— j .
0350 F |
“ 0as}
0.340
0335} |
0330 Y/ :
05 =03 01 o1 03 0.5
Aylb
F15 3 i () B UA VA TE 7 2R 50050
Fig.15 Effect of the vertical spacing on lift coefficient of
UAV4

UAV4 at a=7.1° ]

b’

Ph Ay=—0.56 J i) , 4% BESC R 55 3.4 75 43 By
T EENEE AT 6 E T UAVATE Ay=
—0.50 % F W FHBRAR M, SR 4 TR . AR 4 7]
UL, N Ay=0.06 5] Ay=—0.56, UAV4 B 11 & %
BN T 250.8X 107, 33X A&l TR Pk AT 52 ) U 55
PS8R A ILARE R T AL T R AL |
FUAVALEF UAVLIE R0 &, 78 — & 3 7] [H]
Y BB N, A2 T R ST R ) 1 15 AR SR A TE



1700 it =

VAR S

%37 %

F4 KA Single N UAVASFH At EHZERIL R
Table 4 Comparison of calculation results of
aerodynamic force of single and

UAV4 in cruise state

e [4]
b FEC B R% SH EE
FAHL Azﬁ? FHERE M FRE FH
a/(°) G C, k
Ay
Single 6.0 0.32978 0.01780 18.52

UAV4  0.06 7.1 0.33468 0.02243 14.92

UAV4  0.56 6.6 0.33421 0.02160 15.47
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Fig.16 Position shift of UAVs in formation
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