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Abstract :

Using a multiple regression analysis, a total of 78 low-Reynolds-number airfoils are examined in

this paper to clarify the systematic relationships between the geometrical parameters of the airfoils and
experimentally-determined aerodynamic coefficients. The results show that the effects of the maximum camber
and the maximum thickness regarding the maximum lift and the stalling angle of attack, respectively, are

major.

The lower-surface flatness of the airfoil is also a crucial geometrical parameter for aerodynamic

performance. It is proven here that, generally, the application of the regression equations for an assessment of
the aerodynamic performance is relatively acceptable, along with an expectation that the lift-curve slope

violates the normality assumption.
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Fig. 1 Geometry of Example Airfoils

Table 1 Geometric Variables of Example Airfoils

Airfoil emax Iamax Ca‘mmax T CaMy, 5% RLE QSJL LF

O (%O (%O (% O (% C) (deg) (%)

Al18 7.26 27.1 3.84 49.3 1.30 38.6 82.3
BW-3 5.02 7.4 5.65 454 1.60 79.7 28.4
CLARK-Y 11.70 30.9 3.90 435 1.80 179 81.4
E374 1091 34.3 2.24 389 1.80 12.1 73.5
FX63-137 13.60  30.9 5.90 56.5 2.20 5.7 66.5
LRN1007  7.27  39.8 5.90 446 090 6.9 82.0
MO06-13-128 12.81  35.0 5.16 35.0 1.20 128 95.3
NACA2415 15.00 29.5 2.00 39.6  3.90 22.7 57.8
S1223 11.90 19.8 8.70 49.0 3.10 7.7 17.6

Table 2 Aerodynamic Coefficients of Example
Airfoils (Re=2.0x10°)[5-9]

15/,
Airfoil G G O (@) (47 (’d)max
(~) (~) (~) (deg.) (~) (~)

Al8 5.087 1.212 13.33 0.0089  69.15 62.19
BW-3 4.827 1.413 11.84 0.0149  69.40 70.57
CLARK-Y 5.250 1.325 15.96 0.0105  64.80 68.21
E374 5.205 1.095 13.13 0.0096  62.90 57.10
FX63-137 5.186 1.726 15.69 0.0147  82.28 102.60
LRN1007  7.290 1.414 15.36 0.0166  72.59 79.68
MO06-13-128 5.966 1.491 12.44 0.0219 67.12 81.38
NACA2415 5.258 1.226 14.79 0.0123 57.71 56.49
S1223 4.269 2.183 16.70 0.0190  62.91 75.74
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Table 4 Regression Analysis Results for g,

x), Y 4, T Cn
0.« 0.471 0.279 0.353
0, -0.241 -0.113 -
cam,, . - 0.908 0.723
Teamy, . - - -
R, -0.414 - -
Drp - - -
LF 0.365 - -0.233
x,, Y Qian (Cl/cd)max ((’/ O/pd)max
0,0« 0.650 - 0.280
2O - - -
camy, 0.381 0.415 0.724
TCamy, 0.200 0.254 0.221
oy - - B
Py - B B
LF - 0.419 0.283
o BSE cam 0 LFO A2 B E

i, ¢ o MAAAZ @

‘max

max’

max’

olale] FAS MMule]l =74 H

LM S T3 5. vl A

YA H

gul

A el FEol B An

o2 UERH. of

gar Hogiw el YAt FESFE AS AdS
omstiL, ol ¥ #olExg FYdd NACAAZ=
olg el s AelA wEe AP dAgrH12]
el (cz/cd)max‘_ LF, cam,,., wcam,,,6 -—LE3
(611‘5/Cd)maxv‘% CaAMy LF, gmax’ zcammaxgl {'—:}\1&
FEFE qed, 53] AW e Jeee] ko] HlulA
At gEgT. o) ke delmas Jojdld o
Fol FFH] A A A7) Fdk=[12] 23

&)
e

Zetolte] AFsHe Sasivha ded Qed(T],
S84 A3t G4 (gfe,) o

Lol ofste] Jgg Wil S HoFa k.

(zp#kel 243 S8t F54

F9 BHARE AT 5 T BFHFINY

& AP, ﬂﬂﬁﬂf(bk)%ﬁ} 317174 (b,)

iy

0.156 024 sid 37124 Aol dutaom vhe
Aoz Lyt

ol el ¥ ¢ #tol 5~6 rad' Wl JFH
ol glo} Ayt EE WEX F7] "ot 1y ¢
o i3k ¥ fFojdI wHstel s
O naxs 0 R,p, LFS P gko]l P=0.05 °]&t=
Eiwtar, w3 FAAY FEIAAFBY A
el /ol 2® Table 49 AAE ¢ o W3 o5

max?’

o] g3 B Ay ofd3] fasitn B
& gtk ¢ 2 RZro] 0.9040.2 A vHlwA = ot

Inax

e g o PR ¢ =20 AT 2FY P

= A4 E T ¢ Aol tiAlR AP dvtel nlal
A dAsta k. ob&e ¢, o Ay, AEE HEE

‘min

2

g9 ¢, & 0015 olgtll EEsa An RE
75524 BAA ARATE A@AY} FAES 2
Atk ay,ol R*EHE 0556024
s AEA A&l ghutatA dAEE o] A
T oagps AR o a2k BAo] JhEsta olE 3
AR Qe Ara ALgsH FAAER a7
AtphA mege] ASwst WolAw, wreba] 37 A

of 34 9 tha vl A 5 gtk weked,

4 o

o ol

0O



13

Jo

Ho

/él

0.6637 0.7752M4
A1 3kel
kA 78

)

50

~

2 YERRT

w
0

2
B

(c*/cy), 7t 57

Z(LF) 94

1= Aow teksth olst gol

S

h=i}
=

@ 5

P |

Juswiuadx3 xew|)

Table 5 Regression Analysis Results for b, b,

R
_
N
% i
m 5.0 o
I oj m s
i © S BE G
] wir S
B o % B Lm
o X Ho °
o % = 1
70 Moo ) %
T ml E
7 U
o R S )
ES S A 0
~ - . Nlo
o T o P S o
T UE o %° RO
T Ho B o o
BN o ey
< T T e 2 F
S X = N
i N A
B © & S No
ot S N
i IS -
”
© < Bl £l o ™ 10 o~ | o~
| o Ll |—=|= © 1 oo
HEe; — Slo|JF |~ o N 5| <
Sl R o IO @ S 0 | a0
S 3 AE=] ERR R ==
S S PIS|= |~ 6 S S|~
— w
— o | & © I~ < |~
= & S S o m — |
il I S o3 SN — |5
Sl 8 = 0 & — <t — =
ez - el IS - N | <
c 9 S =1 ~N o S|
()} o]
=8 B g|3]:g 8¢5 2
S5 850 BE|FE 28 z
S i S| = = —
c 9 ? S |6 S o o ©
x % m “ w % 3 5
s 8 & " OB i 08 £ F 8 B
g of 3 m = | = nUm < m = g |
8 &8 ) =

0o

33
oy

©

juswuadxa o)

ta

1 ]

max
A)
il
C]

L

| ¥E

At ¢
AR L, w3

ERi

=X

X
L

}
o BANYE F

=

—
HZ 3
XE
=
o

[e)
=

SRR

o

=
Ho] F=3.

[e)
analysis)

=

ol 7HE =3k
=

AelMe= A

1

kel
H

4
3 A}

]

=]
(structural equation modeling)

W, v
(factor

He) wWg

]

g]

the

22

R2 = 0.904
2

Rr2 = 0.566

R? = 0.775

gression
gression

14

Olstall_Re

1.2 14 16 18

Clmax_Re
12

1
(CI-5/Cd)max_Regression

20 30 40 50 60 70 80 90 100 110

0.8
0.8
18
10

uswiadx3g xew(pd /g1l

0.025

920

80

Experimental Data [5-9]

0.02

R2 = 0.755
gression

R? = 0.156
gression
R? = 0.663
70

6
0.015
60

a® o
S o

Clo_Re
Cdmin_Re:
50

5

0.01
(Cl/Cd)max_Regression

40

is (c,/cd)maxgr (c,l'5/cd)max BT 60~70 WA

Bk

4
0.005
30

0.025
0.005
TC

Fig. 2 Comparison of Regression Analysis and

g g 3 2 B %
swuadky uwpy adx3 xew(pH/|D)



14

(1]

mt
ot

[y =1

B. H. Carmichael, Low Reynolds number airfoil
survey, vol. 1, NASA
NASA-CR-165803-VOL-1, 1981.

M. Drela and H. Youngren, XFOIL 6.95 User Guide,

Contract Report,

tech. rep., MIT Computational Aerospace Sciences
Laboratory. Cambridge, USA, 2001.

H. S. Han, J. H. Park, N. W. Lee, and C. H. Han,
“Static Aerodynamics-Structure Coupling Analysis of
a 3D Flexible Wing Flying at Low Speed,” Journal
of The Society for Aerospace System Engineering,
vol. 9, no. 2, pp. 1-6, 2015.

J. H. Park, Y. S. Kim, and C. H. Han, “Study of

Longitudinal Stability and Elevator Control of a
Human Powered Aircraft, TORUK MAKTO 1,”
Journal of The Society for Aerospace System

Engineering, vol. 9, no. 3, pp. 12-16, 2015.

M. S. Selig, J. J. Guglielmo, A. P. Broeren, and P.
Giguere, Summary of Low-Speed Airfoil Data, Vol.
1, SoarTech Publications, Virginia Beach, Virginia,
USA, 199s.

M. S. Selig, C. A. Lyon, P. Giguere, C. N. Ninham,
and J. J. Guglielmo, Summary of Low-Speed Airfoil
Data, Vol. 2, SoarTech Publications, Virginia Beach,
Virginia, USA, 1996.

C. A. Lyon, A. P. Broeren, P. Giguére, A.
Gopalarathnam, and M. S. Selig, Summary of
Low-Speed  Airfoil Data, Vol. 3, SoarTech

Publications, Virginia Beach, Virginia, USA, 1998.
M. S. Selig and B. D. McGranahan, “Wind Tunnel

Aerodynamic Tests of Six Airfoils for Use on Small

Wind  Turbines,” National Renewable  Energy
Laboratory Subcontractor Report,
NREL/SR-500-34515, 2004.

G. A. Williamson, B. D. McGranahan, B. A.

Broughton, R. W. Deters, J. B. Brandt, and M. S.
Selig, Summary of Low-Speed Airfoil Data, Vol. 5,

SoarTech Publications, Virginia Beach, Virginia,

&)
e
)

USA, 2012.

[10] W. Navidi, Statistics for Engineers and Scientists,
3rd edition, McGraw-Hill Inc., New  York, USA,
2011.

[11] IBM SPSS Regression 21, IBM Corp.

[12] 1. H. Abbott and A. E. Von-Doenhoff, Theory of
Wing Sections: Including a Summary of Airfoil Data,
Dover, New York, USA, 1959.

X XA 7N

A4

&9
R o = i
Fe7ledTd AddTe 2013

QM = gRTY

3 U3
W27 FEietm $3YNs) 2
A





