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Formula sheet

Cylindrical coordinates
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Potential flow
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Potential vortexin z, w = —2—7 In(z — z)
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Source-sink doublet in z, —_
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w =
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Milne-Thomson circle theorem:
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Thin airfoil theory

For a camber line with:
o0

dy.
P A, —l—nz::lAncosnG

+ i A, sinnf

n=1

cosf +1
sin 0

E=2U, |[(a—4)

C =2ra+ w(A, — 24,)
Cm,l/4 - _E(Al - Az)
1

—+E(A A,)

w = 2—111(2 — 2)

e}
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Finite wings with AR=0?/5

Sign convention:

if induced velocity points downward: w(y) > 0, a;(y) > 0
if induced velocity points upward: w < 0, s < 0
Prandtl’s lifting-line theory

b/2
1 /),
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O‘(%) = Oéeff(yo) + Oéi(yo)

U.ai(yo) = w(o) = —

2
Elliptical loading I'(y) = I'y( /1 — (29)
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" 7wAR
General loading I'(6) = 2bU,, Z A, sinnf
n=1
> sinnd
0) =U, A
w(®) U%nz::ln " sind
C,.=7mA, AR
Cor= S (14 8) with 5= 3 n (A4,
Di — AR ~ n 1
Boundary Layer

Flat plate laminar boundary layer
J 5

- = b dary 1 th
. T oundary layer grow
1.32
C = \/%i skin friction drag coefficient

Flat plate turbulent boundary layer
5 037

o= W boundary layer growth
0.074 . .. . .
C, = W skin friction drag coefficient
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water

kinematic viscosity v=1x10"m?s™! ] 040 — 0
cos =
density p=1000kgm™3 /
air ™
kinematic viscosity v=15x10"m?s! /sin 0d6 — 2
. -3
density p=12kgm 0
™ m
/C082 0do = /sin2 0do = g
sin (z £ y) = sinzcosy + cosxsiny 0 0
cos (x £ y) = cosx cosy Fsinzsiny
cos20 = 2cos*h — 1 “ cosnd sin nd
sin 20 = 2sin # cos 0 /cos@—cos@de:w sin@l
1 1
sin 30 = 3sinf — 4sin® 4 0
cos 30 = 4cos®H — 3cos b / sinnf sin ¢ d6 = —7 cos né),
cos — cos b,

0

n=0,1,2,...

n=12,3,...



1. Consider the isosceles* triangle airfoil with a thickness of 10 % drawn in the figure below.

Y (* An isosceles triangle is a triangle that has two sides of equal length)

¢/10
X
c/2 I
B i
(a) Give an expression for the camber-line y. of the isosceles triangle airfoil.

Solution:

The camber-line is indicated by the dotted line and is a two-part linear curve:

y
C ]
-----““--“‘--“‘- -|.C/2.O........."ll.----
i LT X

Forz <c¢/2:y.=px+p,
Forx > ¢/2: y. = pyx + p,

We find the coefficients p,, ..., p, by using the boundary conditions:

v(0)=0 =p,=0
Ye(c/2) =¢/20 =p =01=-—p,
y(c) =0 =p,=0.1c

Forz <¢/2:y. = 0.1z
Forx > ¢/2: y.=0.1(c — x)

(b) What would be the 4-digit airfoil profile that matches the geometric properties of our
triangle aifoil?

Solution:

e thickness =0.1 ¢

e maximum camber = 0.05 ¢
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e Jocation of maximum camber = 0.5 ¢

The NACA profile is NACA5510.

(c) Find the first four Fourier coefficients (A4,, A,, A,, A;) of the cosine series that describes
the camber-line gradient of the triangle airfoil based in the general thin airfoil theory.

Solution:
dy.
Forz <¢/2,0 <m/2: x:O.l
Forz >¢/2,0 > /2 dy. =—0.1
- = de
IS w/2 IS
Aozl/dycdezl/o.ldGJrl/—0.1d9:0
T dx T T
0 0 w/2
s w/2 s
2 2 2 4
Alz—/dyccosé’dﬁzo— /cos@d&—/cos@d@ :O—(1+1):O—
T dx T T T
w/2
w/2
dyc 0.2
Azz— cos 20df = — 01c0829d9— cos 20 df 0+0 =0
T dx T
0 71'/2
w/2
1 2
Agz—/dyc cos 30d0 = 22 /01cos39d9— cos39d9 S I
T dx T 3 157
0 w/2
2
A =— =0.127
' ohr
2
A, = —— = —0.042
’ 157 0-0

(d) Write an expression for the lift coefficient and moment coefficient about the leading
edge as a function of the angle of attack. Consider only small angles of attack such that
cosa =~ 1.

Solution:

2
C =2na+ w(A, — 24,) = 21a + T
7r
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2
s T 2
Om,1/4 — —Z (Al — AZ) — —Zg — —01
1 1 1 2 1 T 1

Cm,LE = Cm,1/4 — Z__LCI cosa =~ —E — Z <27TOé + g) = —m — 50& — E
Core = i T

m,LE 5 2

(e) Sketch the pressure difference along the chord for an angle of attack o = 2°.
Solution:
p
01 02 03 04 05 06 07 08 09

p = pkU,

= 2pU? (a—A)mSQ—+1+iA sin nf

~ 4P " sind c

9 cosf +1 ) . .
= 2pU? | (a — A”)‘—Q + A, sinf + A, sin 20 4+ A, sin 36
sin
0+1
p= 2pUi [QM + A,;sinf + A, sin 39]
sin ¢

(f) Calculate the location of the centre of pressure for an angle of attack o = 2°.
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Solution:

™

x +

(A = Ay)
N A — A
8a+4 (A, —24,)

2/(5m)
8a + 8/(5m)

1 1
4 \bra+1

T, = 0.411

Cp:

W
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