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Analysis with Lifting Fan Position of Hybrid UAM
Aerodynamic Characteristics

Soohyeon Lee’, Hwankee Cho~, Dongkyun Im"™"

ABSTRACT

Recently, the development of UAM, which was named by NASA as an alternative to solve the
traffic and environmental problems caused by the rapidly progressing urbanization. When
designing UAM, the location of lift fans greatly affects the core technology of the eVTOL type,
distributed electric propulsion technology and aerodynamic performance of the vehicle. In this
paper, a hybrid UAM model was designed using OpenVSP, an open source aircraft
configuration modeling program, and aerodynamic analysis was performed according to the lift
fans position change by the vortex lattice method. As a result, it is confirmed that the flight
parameters and trailing wakes are stable by fixing the lift fan with the state rotated 0° to the
flow direction of the aircraft during cruise flight. Also, OpenVSP is a suitable tool to be used
in aircraft configuration modeling and design.

Key Words : Urban Air Mobility(=4 &% R2¥ZE]), Vortex Lattice Method(FFZAHIH),
Aerodynamic Analysis(Z254]), Distributed Electric Propulsion(24F47137)), Lift Fan(Z|ZE )
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Fig. 1. The modeling configuration of hybrid
UAM with passengers
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Table 1. The specification of UAM model Table 2. The comparison specification between
Hyundai S-A1 and hybrid UAM
Specification Value
Specification S-Al Hybrid UAM
Length (m) 4.12 Cruise speed (km/h) 240 140
Fuselage Height (m) 1.64 Max speed (km/h) 290 200
Width (m) 2.04 Cruise altitude (m) 305-610 600
Span (m) 15.03 Range (km) 100 100
Chord (m) 1.59
2.4 HIBEZA MA
Wing Area (m?) 26.35 £ =e
&Y 2UE WP A 2FIE L &
Aspect ratio 6.36 _ _ ) B
Yoo mE siE Agsior we
Airfol NACA 2208 oltf £HYIE 600mAML] S4 Thet 2ol A
Diameter (m) 2.7 A 4= Ql}
Hub diameter (m) 0.54 V. = VART 1)
Beta 3/4(°) 15.49 T= T4—0.0065h )
Lift f
R e, 0.4 ol
=14, B|EH|
% 0.6 R=287, 7|AV$5(J/ kg K)
Activity factor 151.54 Ts =15, FA®EZH7] sfiH 71=(°C)
= 237
Diameter (m) 2.7 h =600, =P3L5(m)
Hub diameter (m) 0.54 &Y 140km/h(38.89m/s) & B A] w54
Beta 3/4(°) 15.49 € 0.1157} =t
Pusher fan o . M, &FALE 600molM ] F7TEE(p) =t
> 2ol Akt & ek
Cp 0.6
Activity f 15154 -2 3)
ctivity factor . p= RT
of71A, FEe 1= Frolrh
P=[1—{(altitude/1,000)/145.45}>%°  (4)
Cruise 140km/h
(38.89m/s) ojgf altitude: +F1%E 600m= 2 FAE
- A > i _
<) ’ (1968 5f)310] Akt 71 UE(p)= 1.156kg/m®
/
Climb / L \\\ Descent °f . .
/ altitude ESH FolER £k ARFET 4.32x10°0]10&
© 600m N 7 2A%E & 4 Ak
Takeoff ~ (1968.5f1) Landing
. . 2.5 Z2sHy Zi}

Fig. 2. The mission profile of hybrid UAM
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Fig. 3. The distance between a center of lift
fan at 0° rotated to the flow direction of the
vehicle and C.G (L1, L2)

Table 3. L1 and L2 with lift fan positions

L1, 12)
A (1D, 1D)
B (2D, 2D)
C (1D, 2D)
D (2D, 1D)
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Fig. 4. The comparison of total drag coefficient
with AOA at 0° rotated to the flow direction of
the vehicle

Zhof| w2 FYA 9] Hsto|tt.

A(ID, 1D), C(1D, 2D)9] A< tha EQMYSH £
£ HoJut A, B, C, D % Wing-Body2] d7s
9] Z7|¢t A9 FLet ol

Fig. 5+ Lift FanS SE535} 0°2 viA] A] ¥
Ztof| digt FEARS] HskE Uehd Aol

A(1D, 1D), C(1D, 2D)9] 7% thA ERPyst B
£ Ho|AW A, B, C, D ¥ Wing-Body29] ¥4
9] A719 AQ] YA|Sh= FAolH

Fig. 62 Lift Fane & 0°% HiA] A 23
7+ ¥iglo] w2 9] WskE yERd Zolch AOA
4°, 10°04 C(1D, 2D)9] FdHI7t tha Zash &

1.2 4

= Wing-Body
104 s A(1D, 1D) 4
i 4 B (2D, 2D) ;
v C (1D, 2D) ;
z 081 + D (2D, 1D) ¥
Q2 v /7
£ 06 ¥
E 0.4 - //:
= Vd
O 024 /
0.0 //'.
¥
0.2 —_—

6 -4 -2 0 2 4 6 8 10 12 14
The angle of attack (deg.)

Fig. 5. The comparison of lift coefficient with
AOA at 0° rotated to the flow direction of the
vehicle
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Fig. 6. The comparison of lift to drag ratio with
AOA at 0° rotated to the flow direction of the
vehicle
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Fig. 7. Delta-Cp and trailing wakes of
wing-body at AOA 0°
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Fig. 8. Delta-Cp and trailing wakes of O degree
arranged lift fans to the flow direction at
AOA 0°
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