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ABSTRACT

The development of eco-friendly aircraft with a distributed electric propulsion(DEP)
system has garnered significant attention due to the push for carbon neutrality. The DEP
system helps improve aerodynamic efficiency, reduce noise levels, and lower carbon
emissions. However, as the number of propellers increases, the interaction between the
propellers and wings has emerged as a critical factor affecting aerodynamic performance.
This study delves into the effects of propeller wakes on flow separation, skin friction, and
overall aerodynamic performance of fixed-wing aircraft in detail. Using the lattice-
Boltzmann method(LBM), computational analysis of the NASA X-57 Maxwell aircraft in
its full configuration with 12 propellers was conducted. The study concluded that the
propeller wake accelerates the flow around the fixed-wing, leading to an increase in suction
peak and skin friction, as well as a delay in flow separation. Additionally, it was confirmed
that the strong upwash flow induced by counter-rotating propellers results in flow
separation at high angles of attack, thereby increasing drag.
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Fig. 1. D3Q19 model for LBM simulation
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Fig. 2. Comparison of the surface pressure coefficients depending on wing angles of attack at y/b = 90%
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Table 1. Simulation conditions

Freestream Mach number(Ms) 0.092
Wing angle of attack( @) 2°, 8%, 12°, 16°
Pressure 92,499.6 Pa
Reynolds number(Re) 610,000
Tip Mach number(My;,) 0.401
Rotating speed 4,548 RPM
Time step size 0.01 deg
Total simulation time 20 revolution
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Table 2. Comparison of lift, drag, L/D coefficients between power-off and power-on with co-rotating cases

Power-off Power-on with co-rotating
a Co Cp L/D C. Cp L/D
2° 1.911 0.172 11.11 2.776 0.325 8.53
8° 2.521 0.224 11.25 3.628 0.515 7.04
12° 2.614 0.285 9.17 4.018 0.734 5.46
16° 2.381 0.485 491 3.852 0.946 4.07
3.2 T2HE{0| Sl viek| (2 2l 53 £4d st
QP Aol mmelo] 2§l ek st W) B2 54 walo] chete] nasteIri, $712 ma e
S ol wh Glo] e £ wisjol ol EA5} 9k Fig, 121 9] 87} 2004 maulejSo] e 28 i

2 5%(Co-rotating) & Wk Q1 AalR= M= 2b 4|52 Bl Wako 2 S (Counter-rotating) & T, A7 4191 e
25% $1x]ollA1 2] G7H Siv o] Aot T2 He] Alo] o] f448 T AleIYITE E Y7l o] SIH A= E7) e
2445 13 2719 0n madey) gl weke 2 S Hlalshs dle] A9 5 670 ma e 5] 4l
671] Suction Peak”} 71 7S &olat 4= it

Red shaded propeller : CCW
Blue shaded propeller : CW

3 ; ;
:l 25 _ ________________________________________________ Power-on(co-rotating) _____|
- ; Power-off
-t ]
c ]
2 ]
S :
£ !
o :
=] d
o
@ '
_
3 '
n '
wn '
o X
a . : : : :

C " " " 1 " " " 1 " " " 1 " " " 1
054 0.2 0.4 5 0.8 1

, 0.
Span station, y/s [-]

(a) Co-rotating propeller

Fig. 12. Streamline and pressure coefficient on the upper surface of the wing surface at angle of attack of 2°
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Pressure coefficient, C,, [-]

(b) Counter-rotating propeller

Fig. 12. Streamline and pressure coefficient on the upper surface of the wing surface at angle of attack of 2°(continued)
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Table 3 Comparison of lift, drag, L/D coefficients between co-rotating and counter-rotating case

Power-on with co-rotating Power-on with counter-rotating
a CL Co L/D CL Cp L/D
2° 2.773 0.325 8.53 2.493 0.319 7.81
8° 3.628 0.515 7.04 3.498 0.514 6.81
12° 4.018 0.735 5.46 3.964 0.701 5.56
16° 3.852 0.946 4.07 3.476 1.165 2.98
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