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Stall Prediction of Wing Using the Nonplanar Lifting Surface
Theory and an Iterative Decambering Approach

Jeong-hyun Cho*, Yeon-woo Cho* and Jin-soo Cho**

ABSTRACT

This paper predicts the stall characteristics of three-dimensional wings. An iterative
decambering approach is introduced into the nonplanar lifting surface method to take
into consideration the stall characteristics of wings. An iterative decambering approach
uses known airfoil lift curve and moment curve to predict the stall characteristics of
wings. The multi-dimensional Newton iteration is used to take into consideration the
coupling between the different sections of wings. Present results are compared with
experiments and other numerical results. Computed results are in good agreement
with other data. This scheme can be used for any wing with the twist or control

surface and for wing-wing configurations such as wing-tail configuration or
canard-wing configuration.
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Fig. 1. Outline of the decambering function
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Fig. 2. Lift coefficients of airfoils
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Fig. 3. Moment coefficients of airfoils
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Fig. 4. Lift coefficients of finite wing

o Assumed airfoil data
2.0 pa Tho
VLM |: o TR=10.3
Present [ ______ %ﬁ: (1] 2

Lift coefficient

510 1520
Angle of attack [deg]

Fig. 5. Lift coefficients of wings with various
taper ratio
49 o]y H A} (hysteresis)o] HAF Ao B

AT AE oF WA (multiple intersection) *]
2 7IR[10]S A&t o|H S AAT A

Fig. 5& Ho]¥ Hl(taper ratio)s 7} E7l<
A& 545 dEd Aotk EHoly HIE zte
Zg ) (swept wing)ol A sAMatAch Fx
FA10]7e] HmE 98 7FRAZH 7L 1002
37l A (leading edge)oﬂf\‘]gl S g Zbo] 5%
N7 AR E AT HolH BlE zte Edl o

A, AE AFAE AL B £ A A%

J

ol Ao M e T EAL 711 z}o] 7} 411 2=
E}. ol&= 7H7} 25 593 7tZ2AZHE 71X

aL gh7] WEelth ey e‘% o]FME thE
A& EAL BoFa I ole AAE g
) o‘[‘oﬂE 2o Beje A Aol AlAFE A Rl
golg H7E Sl @Y Agdde e d
(tip)o I N F-E Aol A== wjEolth Fig. 6
< Holg HE 7 27 B4 105 S
wj, 7] ZAo] WgFoFZo] T 9 2
ﬂ%fi[ﬂ)]ﬂr el ETcs 1%14. A ARzt Fa
4 E &



34 & H 10 9% 2006. 10 WIEW JEH o]EF wHEH AMWE IS o83 W] H& 54 o5 5
VM [ TR = 1.00 Fig. 8& T3t 7tZAZHE z2te grhe wvA

L2r TR =0.30 3 JE54s FuFA[0]H vlus vepd 1
Pmsent[ _____________ R SISIERRESR| A}ﬁ&l ol o] YL NACA4415]

Lof ok A AxgE 4x80lal fF S whet
0.10]th. 7}i*ﬂiﬂ 7} Zropdol uwhet o] 3ak

Y4 22 Adte A& Z(stall angle)e] HAA=

Sectional lift coefficient

1.0

04902 o4 08
Spanwise dlstance, y/(b/2)
6. Spanwise lift coefficient distributions for

the tapered wing

Fig.

]
@
=
b=
@
<3
@
s
- g
NACA4415 = Airfoil data
B M=0.1 a VLM
NX 4 NY —8 Pnesent
0.0— | |
0 40

Angle of attack [deg]

Fig. 7. Lift coefficients of NACA4415 airfoil
NACA4415
L5 M=0.1
o NX =4,NY =8
=
2 1Lof
<
b=
g o Airfoil Data
e a AR=12
E 05 VLM { o AR= 9
= o AR= 6
, AR=12
[ Present | — —— ——. AR= 9
—mmm AR=
L J
0.05 o 2

Angle of attack [deg]

Fig. 8. Lift coefficients of wings with various
aspect ratio

[<)

Al

[of

-

ExNeR
= =

-

32k gl e o =317 st Ab
NACA4415 oo]xd o] H] &=
agoeln) A AAFE 4x80]a

ulsl 4= 010k AR Axprt Fa

lasl ®¥lwz 2 dAs= As B

2
oft

_llm

Md do ox
L oop

Kool

o ot o

Ll
=
=

[

—_
% S
K=

£

N

l?‘_z,:ol = U}
-

L

o

thool= 2@7ie) Z gHelA we
& Z}(effective angle of attack)o] Zo}A]
olty. ALt A#7F FuEAFH Hlws] A
12 2 A% & 5 Aok

=

&
el
]

ME

oo N, Ho

o

jus

<

N
=

1)
> J

o

FAT AolE
CEICS R
Fadth & A7
H (iterative decamber
Foig Qe Ay
method)S ©]-§3}
sstart. 717l 2
WY mdE THS
32k 29
AHHY 7
1}2] (boundary-layer
& glth gl 3

REEH (Newton

> rr

1pv o
J

i)
2 i

2 fo
2 oox 2 K
e o 2
(Lo e
Jo o
)
N
r_E ol
S ot rlr
1)

=)

al

=9%

-ing approach)&
(frequency-domain panel
g7 dhe TS
Rl 011013750] ¢ F4z
o]gste] a1 WEFZFS W
S4= 01]*—01'931:} Ela s
ez dielM BAS
separation)®] J&F& T
A ade oAl
iteration) & ©]8-3l ALFSA Y. FEH HEEH
olgstd e w@wsd mAe 3 g
AP JFS st 2 3xd &3
& ANE F Ao FF, JEEH HEH
(geometric  twist)el}  F7]H8E  HIEH
(aerodynamic twist) zt= E7He] A& 543
&H EH(leading edge flap)olyt Hd E3
trailing edge flap) 22 23 H(control surface)

ET o 4

A ) <
= A
& =

_{

R
i

E

e

S Ze @Y HAE 5SAS A58 F URE
G4 A Aolvh EZ &Y Gt of
yet e meds 34 22 et 2@
o] FuAgol As wWe] A& EAS 5T F
V=s FF 7Med oz AZ4dr
= 7
2 dve d=HEAE 54712 AT(R01-
2005-000-10310-0) A ¥ o2 F3P = 2.
HoEH

1) Tani, I, "A Simple Method of Calculating
the Induced Velocity of a Monoplane Wing",



6 249 - 249 - 205

PR TS ik

Aero. Res. Inst., Tokyo Imperial Univ., Rep.
No. 111, 1934.

2) Sivells, J. C. and Neely, R. H., "Method
for Calculating Wing  Characteristics by
Lifting-Line Theory Using Nonlinear Section
Lift Data", NACA TN-1269, 1947.

3) Sears, W. R., "Some Recent Developments
in Airfoil Theory", Journal of The Aeronautical
Sciences, Vol. 23, 1956, pp.490~499.

4) Piszkin, S. T. and Levinsky, E. S,
"Nonlinear Lifting Line Theory for Predicting
Stalling Instabilities on Wings of Moderate
Aspect Ratio," CASD NSC-76-001, 1976.

5) Levinsky, E. S, "Theory of Wing Span
Loading Instabilities Near Stall", AGARD
Conference Proceedings No. 204, 1976.

6) Anderson, ]J. D., Corda, S., and Van Wie,
D. M., "Numerical Lifting Line Theory Applied
to Drooped Leading-Edge Wings Below and
Above Stall", journal of Aircraft, Vol. 17, No.
12, 1980, pp.898~904.

7) Tseng, J. B. and Lan, C. E., "Calculation
of Airplane

of Aerodynamic Characteristics

Configurations at High Angles of Attack",
NASA CR-4182, 1988.

8) McCormick, B. W., "An Iterative
Non-Linear Lifting Line Model for Wings with
Unsymmetrical Stall', SAE Transactions Paper
No. 891020, 1989, pp. 91~98.

9) Mukherjee, R.
"An Iterative Decambering Approach for
Post-Stall Prediction of Wing Characteristics
using Known Section Data", AIAA 2003-1097, 2003.

10) Mukherjee, R., “Poststall Prediction of
Multiple-Lifting-Surface Configurations Using a
Decambering Approach", Journal of Aircrafi, Vol.
43, No. 3, 2006. pp.660~668.

1) &F, 7L, =235, 32 s
ol&7 FHWe A/ MAY FHHAY, o
gr3>799/%, A 207 A 3%, 1992, pp. 1~12.

12) =3, "THAHS AT FEH
N7y, FFEEFTIIF, Al 244 A 2%,
1996, pp. 175~181.

13) Abbott, I. H. and Von Doenhoff, A. E.,
Theary of Wing Sections, Dover Publication Inc.,

New York, 1959.

and Gopalarathnam, A.,



