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Influence of distributed propeller tilt angle on aerodynamic performance of wing
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Abstract: Distributed electric propulsion aircraft improve the lift-drag characteristics of the aircraft by
using propellers distributed along the leading edge of the wing to generate slipstream. In this paper, we
use a wing configuration similar to the X-57 and study the effect of propeller tilt on the wing aerody-
namics using an actuator disk method. We introduce the actuator disk method and validate it with
experimental data and CFD calculation data. We compare the lift-drag characteristics of the take-off and
landing configurations with and without slipstream for different angles of attack. The effect of the pro-
peller tilt angle on the aerodynamic performance of the wing is analyzed respectively for the take-off
and landing configurations of the wing. The results show that propeller tilt changes the effective angle
of attack and thrust direction of the slipstream on the wing. When the effective angle of attack decreases,
the aerodynamic lift coefficient of the wing also decreases, but the component of propeller thrust in the
lift direction due to tilt increases the effective lift coefficient of the wing. At 5.5° angle of attack, for
the take-off configuration, the maximum effective lift coefficient is obtained when the propeller tilt
angle is 20.18°, which is about 2.445 1, and for the landing configuration, the maximum effective lift
coefficient is obtained when the propeller tilt angle is 23.83°, which is about 3.628 8.
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Fig. 1 Propeller section with relative velocities and forces
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Fig. 2 Element of propeller disk in coordinate system
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Fig. 3 Solve flow chart of the actuator model method
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Table 2 The conditions and results of propeller
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Table 5 Take-off and landing parameters
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Fig. 7 Computational grids of wing and actuator disks

R T ARG RS B X A R s, [ 8 4
LA A 4o, WEUE SR R o AL 3L FE AR 5.5 T
PLELAE R RS FHFH 1 R 56 & 9% 55 22 b
Fhge . nTAEH, SRR EE L 1 500 T EF, Tt
J1 R BN BE 1 R BOE AR BB/, AR S s
A BEHUE E R 5 A% R R 3 012 5 1 4%
rext, TH 2B 220.049 8, AR N 2.402%,
RH 1 2 E0HH 22 0.005 14, AR40LR Ny 3.02%, RS
MR BE AN . 5 BB B AR SC 38 BRI 9% B e 3% f
XL S SRR PE A S ma A, A TSRS
FEAR G AR S A B S AT AR R . R
T ARG SRS TP AR, A S T
PR A S8R FH D DA 1 A B

2.07} 10.170
2.06 G 0.169
. . :
2.05} {0.168
G 2.04f 10.167 &

2.03f 10.166
2.02f {0.165
2.01 : ' : ; : : 0.164

0 500 1000 1500 2000 2500 3000 3500

WL/ T3
P18 BLFELTHBH g 28 K PO A A T 3
Fig. 8 Variation trend of lift and drag coefficients
with grid quantity



5

B, A oA ARG M BE XTI TS P RE A R 121

4 R EER S0
4.1 HERBRAE SR

EBLR AN 55N T, IR IR By
AR S35 1600 0°30 #1 T B K7 16— B, e

UEE SAUG Fl R =5.50 0 43l 4y 7 DB 2 A
JER-5.5°F, LR A AR Aok R B T, MR
AR AR 2R 1% 0 3 £ -8°~24° (1 L
HEIHBH ) B8 WE 9 FR .

(a) TH71 Z B 2 (b) FHL7y R 4 26 30(c)ﬁﬁﬁtmﬁaé£
4.51 201 —a - Take-off O r/min/prop —= - Take-off 0 r/min/prop
—=— Take-off 5 429 r/min/prop 251 —-— Take-'offS 429 r/min/prop
|  —+- Landing 0 r/min/prop N —+ - Landing 0 r/min/prop
3.5 L5 o Landing 6 147 t/min/prop b g L Gl riproy
20+
a T ™
225 2 1.0 ) |
) ) g 15f
1.5 »‘:/ e 05} 10+
- —= - Take-off 0 r/min/prop
—=— Take-off 5 429 r/min/prop 5t
0.5 P —4 - Landing 0 r/min/prop 0.0}
- ‘ ‘ "" L‘andinlgé IA‘W r/n*‘lin/pr(‘)p : ‘ . ‘ ‘ ‘ ‘ 1 ‘ ‘ 0 i ) ‘ ‘ ) ) ‘ ; )
10 -6 —2 2 6 10 14 18 22 26 -10 6 2 2 6 10 14 18 22 26 -10 -6 2 2 6 10 14 18 22 26
al(°) a/(°) o(°)

K9 R AITEA T AR T B Rk 2

Fig. 9 Aerodynamic characteristic curve of take-off and landing configuration with or without slipstream
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Fig. 10  Pressure coefficient distribution of the wing
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