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e 193040, O/=2 NACA(National Advisory Committee for Aeronautics,
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e Modern airfoil

Supercritical airfoil (R.T. Whitcomb)
- Well-rounded L.E A& 2 2 Clmax =3}

U2 BEGI T.E ?EOH/\-I ELYPEI

222 82| 20 ASS YAS U

o =

General aviation airfoil

Supercritical airfoil2] H = AWML HE

U HAE 01D B A2 LN B

Ex) LS(1)-0417
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Supercritical airfoil

LS Low Speed
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171 1% thickness
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p = p(s) = surface pressure distribution
7 = 7(s) = surface shear stress distribution

e HIEH(inviscid) 73
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o HAEH L HILFH RS2LZ IIEE = 3J| SS0UH A, HHAO| CE & W
ol FHNC SE2 &4 M(total pressure) F, A 2 (static pressure)dt =
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o AAZANI BAZA
o A=Al (center of pressure)
I EY THH &ZEote &0l e 80 ez &Z2stChl JtaNe 2 JtEe [ 0f N2
22 AN He
o S S4A! (aerodynamic center)
2 S20] HotHE SHEDHGHA 2= JI=8. 055 W ELe & FC/A0 I X
o FXH L& BUEN
2HS20] SItoll &
M M 2HE P, AR 9% DUEI} BIBIK LS
M - lift
I2pN.S s wijoleix  V, HRR &% r N
§ oy ol
' Lt 4 ¥ N,
L 4 X \ l — %
reference point large angle-of-attack lever arm
leading edge
Mig M::M \ moment nose-down = negative
@'———ﬁ>  __ f..ﬁ. \ /gd;
D I_c_—' D |-— > I —-| SRS Referencs poirt trailing edge
Resultant force 7] Resultant force at

at leading edge center of pressure

Resultant force at
quarter-chord point

S Ho
- - - -
Seoul National University
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-4 lever arm a—

moment nose-up = positive
9

no lift
angle-of-atack for zero lift
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negative lift
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=5 2 2 (Bound vortex)

LIJH O] 2104 OFeHTH O] =& )}
o SIOH0lE 20| gfefo =z I

2 = 2t | (Horseshoe vortex)

: =22t =(Bound vortex) 2t Z0H 2 2=
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1. C-130, angel-decoy &4, US navy 2. C-5A, wing vortex & &, NASA 3. 747, wing vortex & &, NASA
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e SZIHS DIGHSH A HEN
o J|otStH H

=i Z0I(span): g2 E0A LHE A2 A& 20l b

=i 2 Al Z0l(tip chord length) : £IHCl 20| &8k 20 M Al 210,C,

w2 AIRIZOl: 2o wRloA el Al Zol, C C
— t
HI Ol IH Bl (taper ratio) = £ 2 Al 2012 22| Al®l 2012 bI, C
r

ex) AR 2O HIOIHEl =1, &8 =0 | CrgCt

= H & (wing area) = S A& Jted & oz EFE

__
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e =ZIH2 DlotstH S EH

—/ Ty O

PY j|6|.3l-x-l |:l:| J\

C
J
0
9“

=(wing loading) = & 37| S &1 ZI A 9| H|
Tt Al 220 SH2 2222 G0l AEctes oSS Q0|otH 2 EH 0 U 2 EE Z2EA
=SRR8 RAIHE
2 ot=sS0l 2 =5 FXJt EEN0FOIEZ 222 S0 SItotd &€37|2 2= tE0l HXNMH 4 ot =
Ol o =30 28 &0l HE
H2 22 AIRI(MAC, mean aerodynamic chord) : 8% 12l S &= XILi= Al 2012 A
CZ EAIGIH I E4 20|22 A
22t sget 25 Y & ZUE gtE #= un-swept, non-tapered wing chord length
equivalent
- 2 2{14+A+4°
MAC =e==|*cdy== Croet
o 8 3L 1+ 4
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b

Jt2 N2 Hl(aspectratio): € Z20|& B 3 AMRAZ L= g, £= E
NHEEOZ Lz g, S)| S8 8= Mot sRe 2L

b b’

AR=—=—

c S
= &l 2t (sweep back angle) : €0t FI2 ZA &l 2&, DI 20| 22 Hot= AlIF Z20(2
25% RIXIE HAZst At o2 Itz et 0|12 = &

1 &1 2-(sweep forward angle) : £t 222 HH A 2 &, =20 sLet HHOZ 5F
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| (powered high-lift device)

MO & Xl (boundary layer control)
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acceleration of the Saw

= T
& =S¢

= 4 (trailing edge flap)
AHES HFAH G 2 LS HIoHs SHE XS £ UAS & U2 K40 D}
Flap AtO12] SD12] S S22 FIOIAEQ 24848 = MYot(H &elE XA
SO HAEQ St 2 tE St 29| St

OFX| X 2H

GelE NAANAHA O =

.

oL

2 M =8 (leading edge flap)

O =2 Z2S20A stall &2 8

& S8 Jl= WS

=
A

&X EYO JI2 e
Seoul National University
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E‘I %awl_lg jol:a:' él'il High-lift devices
HH %3.:,” (plain flap) : €2 ZAPHE HIHRH S22 M 2= =
3— | 6H % Basic aerofoil
AZSCIE SH” (splltflap) HO 2220 EXZH BHE SItA

H UdAS SIHAII|ILI ESH SFIF LMEIH &t L6 SO = .-~
E|- él Plain or camber flap
8 =4 (zapflap) : A=ClE S U Hl=xotlt g HE = H A .
H e+ ANH &=z SIS =0 2 ikt -
=2 E ZY (slotted flap) : E=ZE 2| £=0ll (2t 015 =2 &5 & i
2E ZYOR PE, WY L L) MO )Y SRERZ o TN
DI 520 HOi B DU UM ZREQ A} SoLa=
site E9LF 2XE oz SR C= SHE0| US -,
=22 2 (fowlerflap): € K RE=2 =2 &2 It Hf 41,}52} hetled g
ZHQ YO HEZS SIAIY, S &EN S0l MA S

Hol =SC=2M =0H &= H+-E SIHAIZ

Fowler flap

R
RS

Double—slotted Fowler flap

Increase

maximum

lift

50%

60%

90%

65%

T0%

90%

100%

MO

&

—

Angle of
bvasic
aerofoil at
max. lift

of

15°

14°

158

20°

I 2H
=g

Remarks

Efftects of all high-lift
devices depend on shape
of basic earofoil.

Increase camber. Much
drag when fully lowered.
Nose-down  pitching
moment,

Increase camber. Even
more drag than plain flap.
Nose—-down  pitching

moment.

Increase camber and wing
area. Much drag. Nose—
down pitching moment.

Control of boundary layer.
Increase camber. Stalling
delayed. Not so much grag.

Same as single-slotted
flap only more so. Treble
slots sometimes used.

Increase camber and wing
area. Best flaps for lift.
Complicated mechanism.
Nose-down  pitching
moment.

Some as Fowler flap only
more so. Trable silots
sometimes used.

==
TT
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o OEI-@ Eacll-l S Jj_g;aﬁ;' él-xl High-Iift devices
AFH 2™ (krueger flap) : nose-up L& SHEES LMAII|IH <
O HE AT LSS A
S=2E 2} (slotted wing) : 2 léUH SABIO| AHE0O FIHHQ S5 Homets
OHL‘IJ(IE MYt ZHSES MO, 0= HlHAl &42te] & S amm
=32 (fixed slat) : S22 E K2} DE*S 22| nose-up IIE RUES "
UE/\H |9| lc .

< Fixed slat

JtS =3 (movable slat) : Jt& 20| AIZ2& = SE, 3t S st
ASS otH AHR SOHHE X =52 SIHC| S, O & FAI0f| B & <=
SAI|D D HIHA 0 teZ EHEN DBUHME Z2HS 2 Vobiesi
2}

__
Seoul National University

” 4

Angle of
Increase of :
: bvasic
maximum . Remarks
X aerofoil at
Iln A i
Nose—flap hinging about
; leading edge. Reduces lift
0% 5 at small deflections.
Nose-up pitching moment.
Controls boundary layer.
40% 20°  Slight extra drag at high
speeds,
Controls boundary layer.
50% 20° Extra drag at high epeeds.
Nose-up pitching moment.
Controls boundary layer.
s Increases camber and area.
60% 22
Greater angles of attack.
Nose-up pitching moment.
Ol ZXa2H =2
Tt 28 STT
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e & H(viscosity)
o NAM O| ct?

SOl thEt RS HES LEHS

=l Me U oA XEE

.

= e 40
rc om

o

R
=22
S M

shear stess 7 =u

¥ dimension

boundary plate (2D) A .
(moving) velocity, u

o (e
2 =M el AE5501 &

—
Ct

o | Q

shear stress, T

Fluid gradient, L3
a

YA e
boundary plate (2D)
(stationary)

A

y dimension /

shear stress, T

—*—>—*/ | gradient, P
&

>

velocity, w

Seoul National University
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e Airfoil =94 K=

Flow outside the boundary
layer is inviscid

. Body surface

Flow separation

Thin boundary layer of
viscous flow adjacent
to surface

& (viscous flow) vs. HI &4 S S(inviscid flow)
dd 732 0

Flow separation

boundary
layer
thickness

Flow separation

velocity profile
Ulx) inviscid

region

-1

viscous
region

viscosity 3
__— velocity gradient
= wall shear stress

Seoul National University
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( inviscid flow)

=
=]

|ol

.HI8d =

e BM RS (viscous flow) vs
e Circular cylinder =92 ®&

o HIEM RS2 BR, 84 @It &I =0 &l Al &

o B KRE9 HR2 =0 X el T Karman VortexS

2 el E et
A

O T, TTO

10

5

o
_ i 2 n
X X
HIBA S (inviscid flow) & H !5 (viscous flow), Re=1000
Seoul National University Aerodynamic Simulation & Design Lab.
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Karman Vortex sheet

Pressure & streamline Vorticity & streamline
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k=

oI 2
Mach number)
=) £E° HIE LIEtWE 2X& £
V
M=— (@ w5, uis )
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e Reynolds number, Drag & Drag coefficient
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gt2l (Boundary layer separation)
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e Passive flow control
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e MEMSE 0| Z8! flow control actuator
Suction - B H S W2 2= (low momentum) S &
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Synthetic jet module Streak line of a synthetic jet
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e Synthetic jet & (Smart UAV)
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