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Non-linear Aerodynamic Characteristics of Three Dimensional Wings  
at Large Range of Reynolds Numbers 

by 

Koichi Yonemoto  Hiroshi Ochi  Keiichiro Takato  Kazuki Wada  and Takaya Sato

Abstract

Aerodynamic characteristics of three dimensional wings for a wide range of Reynolds number from 104 to 106 have been studied 
using variable-pressure wind tunnels  Rectangular wing and the delta wing with NACA0012 and flat plate cross sections were tested
The wind tunnel tests show that the aerodynamic characteristics for all the wings are almost linear at high Reynolds numbers up to the 
angle-of-attack of stall  The aerodynamic non-linearity appears significantly as the Reynolds number decreases especially for the 
thick wing that have NACA0012 cross section  But the wings that have flat plate wing sections do not have such an aerodynamic 
non-linearity even at low Reynolds numbers
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Fig  3 Wing models of rectangular plan form (unit: mm) 
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Fig 4  Wing models of delta plan form (unit: mm) 

Table 1 Wing models 

Name Cross section Aspect Ratio (AR) 
Airfoil(1) NACA0012 (A2017) 
Airfoil(2) Flat plate (t=2mm) 
Airfoil(3) NACA0012 (S45C) 
Airfoil(4) Flat plate (t=6mm) 

6

Airfoil(5) NACA0012 
Airfoil(6) Flat plate (t=6mm) 

2

Airfoil(7) Circular (11%thickness) 
Airfoil(8) Flat plate (t=2mm) 

1 87 

Airfoil(9) Flat plate (t=6mm) 1 

CL CD CMc/4
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Airfoil(1), (3): Rectangular wing of NACA0012  
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Airfoil(2), (4): Rectangular wing of flat plate 
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Airfoil(5), (7): Delta wing of thick wing 
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Airfoil(6), (8): Delta wing of flat plate 
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Airfoil(9): Delta wing of flat plate 

Fig 5 Lift characteristics 
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Airfoil(1), (3): Rectangular wing of NACA0012
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Airfoil(2), (4): Rectangular wing of flat plate 
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Airfoil(5), (7): Delta wing of NACA0012 
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Airfoil(6), (8): Delta wing of flat plate  
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Airfoil(9): Delta wing of flat plate 
Fig 6 Drag Characteristics 
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Airfoil(1) (3):Rectangular wing of NACA0012 
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Airfoil(2) (4):Rectangular wing of flat plate 

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

-15 -10 -5 0 5 10 15 20 25 30 35

Attack of angle : [degree]

Pi
tc

hi
ng

 m
om

en
t C

oe
ff

ic
ie

nt
 C

M
C

/4

Re=1.86E+04
Re=3.75E+04
Re=6.39E+04
Re=8.46E+04
Re=1.07E+05
Re=2.16E+05
Re=1.22E+06
Re=2.44E+06
Re=6.07E+06

Airfoil(5) (7):Delta wing of NACA0012 
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Airfoil(6) (8):Delta wing of flat plate  
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Airfoil(9):Delta wing of flat plate  
Fig 7 Pitchin  moment characteristics  
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Airfoil(1) (3):Rectangular wing of NACA0012 
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Airfoil(2) (4):Rectangular wing of flat plate 
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Airfoil(5) (7):Delta wing of NACA0012 
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Airfoil(6) (8):Delta wing of flat plate
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Airfoil(9):Delta wing of flat plate  
Fig 8 Neutral point characteristics  
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Fig.9 Lift to Drag characteristics 
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Fig.10 Parasite Drag characteristics 
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Fig.11 Induced Drag characteristics 
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