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Aerodynamic Investigation of Three-Dimensional Wings in Ground
Effect for Aero-levitation Electric Vehicle

H. J. Oh", J. H. Seo™, Y. J. Moon™, J. S. Cho™ and Y. H. Yoon™

Aerodynamic characteristics of three-dimensional wings in ground effect for Aero-levitation
Electric Vehicle(AEV) are numerically investigated for various ground clearances and wing
spans at the Reynolds number of 2x10° Numerical results show that a sizeable
three-dimensional flow separation occurs with formation of an arch vortex at the junction of
main and vertical wings, and that this is conjectured a primary cause for the high
lift-to-drag(L/D) reduction rate of the main wing, when the wing span is decreased.
Improvements on L/D ratios of the wings with small spans are pursued by breaking the
coherence of superimposed adverse pressure gradients at the wing junction.

Key Words: Wing in Ground Effect(X]% & 3}), High-speed Ground Transportation
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Fig. 2 Schematic of AEV 3D wings
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(a) velocity profiles (upper surface)

0.04

-0.04 L L
0004  0.00: [ 0002 000

w2

(b) Reynolds shear stress (x/c=1.01)
Fig. 3 DSMA®661 airfoil (2D)
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Fig. 4 2D airfoils in ground effect
(h/c=0.1, a=2°

Table 1 Aerodynamic characteristics of 2D
airfoils in ground effect

CL Co L/D
NACA0006| 0.279 0.01110 25.15
NACA2406| 0595 0.00941 63.24
NACA4406| 0.853 0.00929 91.86
NACA4409| 0.805 0.00986 81.64
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Table 2 Test cases of AEV 3D wings

par: ameter case par ameter case
0.025 0.025

0.050 0.050

b/e 0.100° ha/c 0.100°
0.200 0.200

2.000" 1.000"

1.500 0.750

sy/c 1.250 so/c 0.625
1.000 0500

0.750 0.375

*baseline case



S R Gl H 3 HEY 199 ~
| CFD 11 |
0 v 50 7
o INTEEF o\ T
a>f a°f
~ni ot
10F ' 10p H
N SUUEUUUUE SEUUTTUTUUTE RN SUTITOUS ST
] 0.05 01 0.15 02 0 005 01 015 02
hie Wic
(a) ground clearance variation
50 : 50 ;
—— Manwig —e— Maawig
”E O Emipite | wof —O— Endpiste

(b) Cp surface contours

(a) Cp iso~surface

Fig. 6 3D flow separation at the wing junction

sx glee dEdo fPA =d 4% gee
AEV Aad @AY %9 37 2 98 gad F
delo] HI YAee ¢ 4 Utk

43 AEV A AHlo] 28tx71 W3

AEV A2 g dzg 389
o] &3te] Rokaimz X T wWsle] w
4 WsE 2R E AL WO Fad. §3
grle £ & AHUEE ARsE deo] AA
o wW$ F83 vFS AAIF}A H= E
9 ZAm ¥ I ZA2sA HH, WeE BF
g Z7MAFE Yol FREA "k wabA
Mol W& L/D Z7F A4 g «5& AEV
gAAdAs Faddn & 5 Uk

Table. 201 BE h/ce h/c W] g HA
M A7 e Fig 7@ B9 e} h/c
4ol wEt AEV Al=® g d3urt Fotste
278 Ugha Qod, 53] b, h/c7t 01032
ZaA =H4E /D7 vidgHes FARE £ F
gk ol F4m Edgol AAF YA TA
Z g Ay AAHe X7} ofHE HHLA
so] 7l gws ofghH e AT AEEA H

Tl

X,

rg

ol foi
T om o

2 g oox N M fu

N

c

ol

’ .——q—o——'O"“"
an- o®F
:zo& :‘zo%

ol e

2 04 06 08 1
s,/¢

o 1
05 1 15
s /c

(b) span variation

Fig. 7 Aerodynamic characteristics of AEV 3D
wings (--- baseline case)
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Fig. 8 Main wing aerodynamic characteristics for
s/c=1 and 2
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(a) vertical wing: NACA4406

(b) vertical wing: NACA2406

Table 3 Vertical wing modifications

NACA4406
Swept | Swept |[NACA2406
o 15°
“Tc.| o589 | 0625 | 0625
Main ©e 0028 | 0026 | 002
wing
L/D| 209 | 2332 | 2460
cL| 0373 | o6 | 0296
Eg‘:; Co| 0032 | 0027 | 0022
L/D| 116 | 1615 | 1345
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Fig. 9 Limiting streamlines and Cp surface contours (sl/c=s2/c=1)
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