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Aerodynamic Design of a High Efficient Solar Powered UAV Propeller

LI Xinghui, LI Quan, ZHANG Jian
(The General Configuration and Aerodynamics Design and Research Department, AVIC The
First Aircraft Institute, Xi’an 710089, China)

Abstract: High altitude long endurance(HALE) solar powered unmanned aerial vehicle is of the design charac-
teristics of low Renolds(Re) number which makes a great challenge to the propeller aerodynamic design. Based
on the general layout of a UAV, a solar powered propeller is designed. Multi variables optimization method is
used to design the blade element. With proper blade width and pitch distribution, the propeller works efficiently
in low Re number. The propeller aerodynamic characteristics are validated in BEM (blade element momentum)
method. The calculation shows the propeller has a high efficiency of over 85% in cruise.

Key words: solar powered UAV; propeller design; aerodynamic; high efficiency; blade element momentum the-

ory; foil optimization
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Fig. 5 Polar comparison of optimized airfoil and E387

M 4~ 1815 T LA LA 38 8 H A 3w 1
R TE 7 A K 558 AR B S XL AR B SE 9 T
ARG EN TR LI T E387 34,

3.2 =%

Sy T 4R e R B R B DR A5 A R 2
MEE, I HER 4 m W g HEBEL .

A A E SR PR R K R O M b
R TG R S S MR RE L 0 B — R IR AR )
AR . BRSBTS M TR ARG — e R R
JEERMER, HZ KB/, BEIECHE R A
Gy O i, R TR E R ) S5 RS B L TR L
W/, BEAE I8 55 2 43 1 = 4 850, A T4 v < B
g, D, BRBE B 5% K o A 3k AR 2 Bt
R R Sk ] K . SR A, DLARIE
0.5R~0. 8R Bt M % £ Hir, I Al fig
Vol /N MR JHE 2 P Bl B L A R R R R R SR R . AR
HEUE 2 () 5% A3 AT L R IE AR R R B ROCR B 2
TIEFOL AR, BAE 20 km 55 BE AT, 24 L F
VEROR T 22 3R 1 s A0 o o . IBIE 2 1 2t
SEAMEWE 6 s . H IR IEEE A 50 A L #E 20 km
T 23 T LI L IR BE AL B 0. TR AL TR IR N 1. 0 X
107,/ T3 () Il L EE T L

[ [ 1=

6 BEREE 2 T IR
Fig. 6 Propeller blade plane shape




Lt R R

TE 3R B AT AT - A2 Ak ) i 3R Y 5 2 5 MR e 3K
e e <Y i 22 18] (1) e # » K oA 2 i 50 1T 114 2 5 A L
PROWEBE . AR SCIR e 3K Oy s B3 RS BN m A8
. O TR EN RIS OR L/ A B A A B
DAPRUEAE AN [ 2 42 119 1 160 32 40 40 A F1 T A4
A5 DT fof 3 78 ) B PO 5 e o R 4 X 3R X Bl
PR B8 0 A ) LA B 3R A A TR A, (HR
AR SCIRTE I Y T2 TAR A A R B8R
DRI 8 068 TR A IR S A 0 2 WA [ s s S
75 By B AR e 3K RE 8 S it L 68 B ) RACR . B
ARAT YIRS A > A AN 18] 7 B

60 -
50

40

01"

30

10 1 1 1 1 I )
0 0.2 0.4 0.6 0.8 1.0 1.2

r/R

K7 BRI A o) A
Fig. 7 Blade pitch distribution

3.3 MBS

BEEXE NP A E LR AR T A HL BB AR Oy
RN IR, N SR TE 2 A e 3 AN AT R T A R TE T
W Be AT B M BRIP4 . R B IT AL A TR
PG Tblade #pEN

AR AT A B 11y M T 2 AR Bl R n g 1 R IR
8~ 10 fi7R , AT LA G Hh - W2 e 2% 19 A ] 3 s %
IKF] 0. 85, I A KA RCRIA F] 0. 89, I H IR 2 7
— 7 B I R ORI B

F 1 OMHCRB ST

Table 1 Propeller aerodynamic force in cruise condition
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Fig. 8 Propeller thrust coefficient force curve
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Fig. 9 Propeller power coefficient curve
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Table 2 Propeller aerodynamic force in climbing condition
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