~————ncompressible Flow over Airfoils

< 4.7 Classical Thin Airfoil Theory >
** The Symmetric Airfoll

* Assumptions

i) The camber line is one of the streamlines
ii) Small maximum camber and thickness relative to the chord
iii) Small angle of attack

i A ~
< ZIx) HL ~Z(x)
e e
y(x) - V(x)-
* Purposes
i) Find y(s)

i) Use Kutta-Joukowski theorem, L'=pVT
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~————ncompressible Flow over Airfoils

< 4.7 Classical Thin Airfoil Theory >
** The Symmetric Airfoll

( | * The component of free-stream velocity
| /] normal to the mean camber line at P
/|
H d .
Camber line, z = z(x) | ] s — 17 : . —1 _ .E_
P/Aﬂ!ml(_ﬁ) >V, = V.sin(a+tan™ ' ( d;r))
/ |
o Tt
Voo /
. /’w From small angle assumption
tan—! (~ Z—:)\\ ~ d
X
- - Z
Figure 4.23 Determination of the component of freestream velocity 9 Im n — Im (& - d_)
7 4 I

normal to the camber line.
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———TIncompressible Flow over Airfoils

< 4.7 Classical Thin Airfoil Theory >
** The Symmetric Airfoll

* If the airfoil is thin, w'(s) = w(z)

w’'(s) : velocity normal to the camber line
/| induced by the vortex sheet

w(z) : velocity normal to the chord line

Camber line, z = z(x) A.,,l 1 ds
p / tan™ (— ZJ“T) . d d b h h
| Inauced by the vortex sheet
/ |

N
P
—
—_——

. X8 : ~* * The velocity at point x by the elemental
ccan i, ¥ vortex at point &
- x /
e 5 &) > duy— &dE
Figure 4.23 Determination of the component of freestream velocity QW (I - t.f)
normal to the camber line.

* The velocity at point x by all the
elemental vortices along the chord line

D uwlz f?x
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~————ncompressible Flow over Airfoils

< 4.7 Classical Thin Airfoil Theory >
** The Symmetric Airfoll

* The sum of the velocity components
normal to the surface at all point along
the vortex sheet is zero

fid
5 2
amber line, z = z(x) |
25 .3 1z
g ﬁ»{, tan~1 (-~ 22)
b 141
P —-
Voo /
S . / ll;o
/

tan~1 (— %)\\ ~

Figure 4.23 Determination of the component of freestream velocity
normal to the camber line. '
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———TIncompressible Flow over Airfoils

< 4.7 Classical Thin Airfoil Theory >
** The Symmetric Airfoll

* Sysmmetric airfoil & no camber,

1 fe~N(e)de dz 1 [fen(e)de
2 f &) = Vola dx ) . 27 Vo

(I dz _ 0 0 T—¢
dx
* Transform variable & into 0
gz%(l cosh) {gig éig, ng(l—cosé?o), dc‘;’zgsinﬁdﬁ’
1 [fen(ds Lf ~(@)sinfdd . 1+cosh
o fo r—€ Ve 2 o . cosf— cost, Vot 3 |7(0) =20V, sinf )
(/ﬂ~ ncosd o ﬁSinn.é’O) |
, Cosfl—cosh, sinf,
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———TIncompressible Flow over Airfoils

< 4.7 Classical Thin Airfoil Theory >
** The Symmetric Airfoll

1+ cosf
(— )
sind

1(0) =2V

* Check Kutta condition

limq-'(é’) 20V __ 0 € Indeterminant form

. =0

By L'Hospital’s rule

. _ ,—sinf
2 (@) =lim2a V_( )o— .
P cosH
=2a V. (0)=0
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———TIncompressible Flow over Airfoils

< 4.7 Classical Thin Airfoil Theory >
** The Symmetric Airfoll

* Since we get y(0), now calculate I', L

> = f (€)de= ; (0)sinfdfd &> I'=acV, f (1+cosf)db =racV.,

o

*Lift: L'=p_V.I'=racp. V-

I/ racp. V2
* Lift coefficient : ¢, = = = 27
QEC ]- 2
T Ve
13 aG 2
Lift slope: —— =9,
dao

= Lift coefficient is linearly proportional to angle of attack.

Aerodynamics 2017 fall -7 -



~————ncompressible Flow over Airfoils

< 4.7 Classical Thin Airfoil Theory >
** The Symmetric Airfoll

* The moment about the leading edge

> M, = f £(dr)
0
— V. | erle)de
0

_p . 1+cosh
0 2

Sind )Esm@dé’

—— p V2 (20)(£)? f (1 cos%9)do
0

2
B SN
= —p.. V_ac sin¢ df
2 0
L 2 TCQ
—  JC
ell 15
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~————ncompressible Flow over Airfoils

< 4.7 Classical Thin Airfoil Theory >
** The Symmetric Airfoll

* The moment coefficient

> -~ (X Mg A Mg T
m. LE o, SC qu;‘? 2
(= 2
&
Cm__.IE = 2R

G
Cro/a= Crret ™ =0

* Aerodynamic center is located at c/4 for incompressible, inviscid and
symmetric airfoil (true in real world)

* Center of pressure : the point at which the moment is zero
Aerodynamic center : the point at which the moment is independent of aoa
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~————ncompressible Flow over Airfoils

< 4.8 The Cambered Airfoil >

* From thin airfoil theory,

1 fey(o)de dz
> | — | =y (a
5 fo = V.. (a )| (a)

dz
* For cambered airfoil, = 0

Transform 1 g "}-‘(9) sinfdf
§ into 0 DT

cost — cosf, = Vsla dz

)

* The solution becomes

. 1+cosh | .
’}-‘(6’) =2V (AO . + E A sin ng) .. ()
- sing = N
Leading term for Fourier series term
symmetric airfoil due to camber
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———TIncompressible Flow over Airfoils

< 4.8 The Cambered Airfoil >

* Substitute (c) into (b)

51 f o(1+cosf)dd 1 fﬁflnsinnﬁsmﬁdﬂ B dz
o Cost—cosf, mJ g Ccost—cosb, B dx

By using the integral standard form

/" sinnf@sinfdf
=—mcosn b,
o costl— cosb,
/" cosnfdf msinn b,
o COsH— cosh, sinf,
> A,— Y A cosnfy=a——
n=1 dx
> Eo(p-a)+ N4
—=la 0 E _cosnb,
dI n=1
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———TIncompressible Flow over Airfoils

< 4.8 The Cambered Airfoil >

For Fourier cosine series,

]_ T
B =— [ f(6)dd
f(8)= BO‘|‘EBCOSH(9 0=0=n ’ ;fo
n=t ff 8)cosn Hdb
d
> 5 d &L
A, = d; cosnbydb,

[Note] given fj—;& => Determine y(0) to make the camber line a streamline
| with A,, A
+ Kutta condition, y(r)=0
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———TIncompressible Flow over Airfoils

< 4.8 The Cambered Airfoil >

* The total circulation due to the entire vortex sheet

I'= fc’}“(ii)dc‘i: Efﬁ’ir"(é?)sinﬁdé? € 100)=2V_, (4, S E Asinn)
0

sinf

=cV. 4f 1+ cosf d@+2/—1f sinnfsinfd o)

nh=1

By using fJ.I(lJFCOSQ)d@:ﬁ, fsmnﬁsm@dé’ { forn=1
. 0 0 forn =1

> I=cV. (ﬂﬁ%Al)
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———TIncompressible Flow over Airfoils

< 4.8 The Cambered Airfoil >

* Lift coefficient for a cambered thin airfoil

> I'=p V.=p_ V¢ (,14+”4)

-, dx —(cosh,—1)dd,)

=> Lift slope, o= =127
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———TIncompressible Flow over Airfoils

< 4.8 The Cambered Airfoil >

* Lift coefficient for a cambered thin airfoil

G = 2”(&4— gz (cosfy,—1)d 6,)

[Note]

* Lift slope is 2n for any shape airfoil

Stall due to
flow separation

L R —V%

Cf — —_(G'_QIZO) _Qﬁ(a'_ﬂcr:g)

Tdz

—1
iz ——(cosf, —1)d b,

I Zero lift angle : a;_, - L
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———TIncompressible Flow over Airfoils

< 4.8 The Cambered Airfoil >

* The total moment about the leading edge

Mg = fEdL fﬂmlm'-.

1
—— .. 1--;] 2V, (4 +C059+ Z A,sinn)< ( —0059)(35?;’19)(39

N sind
1
:_59M 2 f A, 1—c0529d9+f A sinnfsinfdf— f 451nn951n90059d9]
_ 1 22 4,
— meimc[2(4+4 2)]

* Moment coefficient

M, . A
Coo1p= - Li — A+ A =50 — G=m(24,+4)
G 7
= [T+I(4 —A,)]

T = A, & A, both are independent of aoa
> C = (4,-4) 1= 2 . .
my 4 = The quarter-chord is the aerodynamic center

for a cambered airfoil ——
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~————ncompressible Flow over Airfoils

< 4.8 The Cambered Airfoil >

* The center of pressure

- Mg - Cm._. LEC
Icp — 7, — C}
G .«
[f“‘ 1(441 _442)] C
- G
C m
= I[IJFE(AI_A?)] > f(a) 9 Not a convenient point
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~————ncompressible Flow over Airfoils

< 4.8 The Cambered Airfoil >
«* The influence of camber on the thin airfoil

C! / ‘ Cnr, /4
A 4 i
7/
/
Ur-o /
I
W4
ra = O =
/ —_——— e ———
7/
/!
= = =* The cambered airfoil * The symmetric airfoil
1 [7dz |
G =2rla+— [ ——(cosf,—1)db,) C, = 2ma
i 0 dI
vy C!
C — —(“']. _.."l ) — ¥ A _3:
m~% 4 2 ! CT‘{‘ - CnLEE 4 0
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