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Technically, what is an airfoil?

 An airfoil is a streamlined body, a 3-D object,
capable of generating significantly more lift than
drag. Examples: wing, full-flying stabilizer, hydrofoil

» An airfoil section, or simply section or_profile, in
contrast, is a 2-D representation of an airfoil at a
specific point along the span.

Examples: NACA 6409, Eppler 212

* We commonly use these terms as if they're
synonyms, and the term “airfoil” may be used
(inappropriately) throughout the presentation.



What are the general characteristics
of an airfoil section?
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» Rounded leading edge
* Sharp trailing edge
» Recognition of the effects of camber



Sir George Cayley, 1796-1857
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Horatio Frederick Philips - 1844




John Joseph Montgomery - 1880-1911







1883-18284 J.J MONTGCMERY GLIDER #1
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SCALE IN FEET

| GIVEN DIVMENSIOUS : WING SPAN,LZCHORDAREA =GO SG FT» AND
SCAT DEPTH NOTED FROM ARTICLES AMD BOOKS.

2 CONFIGURATION AND PROPORTIONS WERE OBTAINED 8Y CALON ATION
USING FORMULAS FRO™M STANDARD AIRCRAFT AND MODEL

= WING SET AT 3 IOIDENCE WITH REAR SFARR ON WOOT FRAME.

2. DRAWAL BY HERE KELLEY 2-1a-88.
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Figure IV.—Second control used on Mont-
gomery ailerons. In this the seat G is fixed
rigidly to the bar H, which rocks in the frame
ribs II, which are themselves secured to the
main frame J. To the upturned rear end of
H, at K, are attached the groups of wires LL,
one group to each wing, so that as the rider
leans to one side or the other the wings are
unsymmetrically manipulated.
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Otto Lilienthal - 1891-1896

Lilienthat’s Bird - flight.

Stule 5 : 20.
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Octave Chanute - 1883-1910
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Orville and Wilbur Wright - 1900-1910
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World War | - 1914-1918
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NACA* First Annual Report, 1915

We need more efficient wing sections of
practical form and economic structure, and
having a large angle of attack range.

* National Advisory Committee for
Aeronautics, founded March 3, 1915,
dissolved October 1, 1958
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NACA Report No. 18, 1917

» First time using mathematical theories to
design airfoils

» Airfoils are based on previously successful
designs

* Six new thin airfoils, USA 1 - 6.

USA 6

* Produced polar diagrams for those airfoils
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The Clark Y - 1922

* 11.7% thick at 28.24% chord
* 3.4% camber at 41.74% chord
* Flat bottom from 30% chord
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1923 - NACA Variable Density Wind

VARIABLE DENSITY WIND TUNNEL

‘Charts/diagrams of the Variable Density Wind Tunnel
NASA Langley Research Center 11/13/1928 Image # EL-1999-00398

1923 and 1927



20

NACA Report 331, 1929

» Collected data for a large number of
contemporary airfoils

» Data compiled from several wind tunnels
* Included airfoil coordinates, C, and Cp

* Included information about spar locations!
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The Golden Age
of NACA Airfoil Development

* NACA 4-digit series
* NACA 5-digit series
* NACA 1-series
* NACA 6-series
* NACA 7/-series
* NACA 8-series
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NACA Report 460, 1933

» The landmark publication!

» 78 airfoils tested in NACA Variable Density
Wind Tunnel (NACA 4-digit series)

» Defined airfoil sections by camber line
(height and position of maximum camber)
and thickness

« Data for C,, Cp, and C./Cp



CLARKY AIRFOIL

GOE 398 AIRFOIL
]
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Airfoil Nomenclature

Rodius Through end of chord
(meon line slope of 0.5 %
chord)

47X, SO yyy vy cos6
X =xty, sin@ A cos @
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Thickness Construction on Camber Line

Mean camber

Upper surface points line, ye (x)

Nose circle Lower surface points
or radius

Upper surface point (x,, v,)

yHx) Camberline point (x, y,)

,/_ Slope of camberline, 0

Lower surface point (x, y)
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NACA 4-digit sections

Example: NACA 6409

First digit is % camber

Second digit is position of max camber in

1/10th chord (40% chord in exam

Last two digits are maximum thic

nle)

Kness %



The 78 Tested Sections
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1933-1938 NACA 5-digit series

--_xA---
Cubic L B

ﬂ.- Straight line

Camber line construction
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Example: NACA 23012

First digit is the maximum camber

Second digit is position of max camber in

1/20th chord (15% in exam

Third digit: 0 = normal cam

oll)

per line,

1 = reflexed camber line (Cy = ~0)

Last two digits denote maximum thickness
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NACA 5-digit series examples
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Pressure Distribution
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About complex numbers

A complex number is a number of form a + bi
where a and b are real numbers and jis an
imaginary unit (/4 = -7). So there's a real part
and an imaginary part.

3+4i&-2-iarecomplex numbers
1+ 0iis a real number only

0 + 5/ is an imaginary number only



33

The Joukovsky Transform - 1910
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A glider, made by Munich
college students, ready for
shipment, ready for
shipment to the
Wasserkuppe flying
ground.

National Geographic,
June 1929



Karman-Trefftz Transform - 1911
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ses Transform - 1921




37

NACA 1-series

First attempt to develop sections with a
desired pressure distribution

16-4
7

One-Series

12
12% T/C

Minimum pressure Design CL
60% aft of LE of 0.4
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series sections

NACA 6-

1930s-1940s
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1940s-1950s - NACA 7-series
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NACA 747/A315
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1960s - 8-series sections

* Final variation of the 6-series and 7-series

» Greater laminar flow over upper and lower
surfaces and controls developing shock
wave at transonic speeds

 Low pitching moment, high lift
» First of the "supercritical” sections

» Evolved further through work of
Richard T. Whitcomb



NACA 836A110

| |
— Upper surface

\\
/

<1

N Lower surface

X/C ‘
(d) NACA 8364110 airfoil
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Now what?
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Airfoil Development Changes Course

» Newer transform processes

» Use of Computational Fluid Dynamics (CFD)
Panel and Vortex Lattice Method

» Operation in two directions (pressure
distribution to coordinates and
coordinates to pressure distribution)

» Accounting for the boundary layer
(viscid versus inviscid flow)

* Valid data for Lower Reynolds nhumbers
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Prof. Dr. Richard Eppler
PROFILE
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Dr. Eppler’s philosophy

e WWInd tunnel results do not
match results from free flig

* More reliable to compare t

necessrily
Nt

ne results of

two airfolls via computer programs than

two wind tunnels
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Dr. Richard Eppler’s PROFILE

» Starts with a velocity distribution and uses
conformal mapping to construct an airfoil

OR
« Starts with airfoil coordinates and uses a

panel method to determine the velocity
distribution

* Revised version accounts for boundary
layer growth and provides bubble warnings
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Eppler 212 Velocity Distribution
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Panel method
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0.
0.
0.
0.
0.
0.
0.
0.
0.
0

CM0=-0.1343

Eppler 212 Polar & Coordinates

Separation bubble warning T. = boundary layer transition
& upper surface S. = boundary layer separation

E 212 10.53% , ¢, mod. v lower surface U. = upper surface
L. = lower surface

Re =10°
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Dr. Mark Drela
XFoil
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Daedalus, human-powered aircratft

On April 23, 1988, the Daedalus 88 aircraft, piloted by Greek Olympic cyclist
Kanellos Kanellopoulos, flew 115.11 km (71.53 mi) from Heraklion, Crete, to
the island of Santorini in 3 hours and 54 minutes. This flight set official FAI
world records for total distance, straight-line distance, and duration for human-

powered aircraft.
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Dr. Mark Drela’s XFoil

» Uses either a complex mapping function or
geometric parameters/coordinate tables

AND

* Breaks the form into discrete segments
(panel method)

THEN

» Solves for flow over each segment/panel,
first as inviscid flow, then adds corrections to
solve for boundary layer with viscous flow
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Inviscid flow and viscid flow
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Drela AG38 polars

MayCL
MayCL
MayCL
MayCL

0.000
0.000
0.000
0.000
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XFLR5

 XFLRS5 is built upon XFoll's core 2D airfoll
analysis capabilities with focus on low Re

e Imports and creates airfoils
e Performs 2D analysis of airfoil sections

e Uses Lifting Line Theory (LLT), Vortex Lattice
Method (VLM), and 3D Panel Methods for
wing (3D) analysis

« Can also perform stability analysis
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1896 and 1906 - Frederick W. Lanchester

Formulated a circulation theory of flight, now
the foundation of airfoil theory, that accounts
for downwash. Paper rejected in 1896.

Published the first volume of Aerial Flight in
1906 where he presented his bound vortex
"liftting line” theory of lift. Ludwig Prandtl
confirmed the theory and expanded it (1918-
1919). Lanchester is now pretty much

forgotten.
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Circulation




59

QO
WL TTTHTTTE ™
oafhaaeryyiry 1=l
o o
o m c C
+= 0O
o\l c
N’ e S
c O
o (@)
N ' ) .._nm
— = O =
O T = 5
-5 3
& )
Lo (ONESEN®))
<& TNt
(- @) N =
a V N —
al

Trailing Vortex sheet

(Lanchester and Prandtl)

Lifting line theory




http://www.mh-aerotools.de/



60

Fini

e, e I :
& L '\-ll:-! '& e T A i ™
R ]

L1 g g - e P—
g Fog e g e S i A—
'y o il
o — i

g ' *

L

s-.--*—-'-"‘

....."-,“-.pll-l.-l-ln
e
. e bt *#W“

_—#"*".:._-_‘ﬂrﬂaﬂ'_l_h—_uy‘.-___
— I e R S o Gt i it TN O\ BN i .
O S - S . (— T T e i o e
—r '-':':_'I___r__-__..-. R D
—--—':"'-_'_'__ i R W, i Bl M W i B
e = - i i g il Wi i Wi,
A 5 . B ———
== —— L

E——————N el L T L T
- i ol ™ L S ——— — —— —— . i W i P by
w#h—ﬁ_—;—l——nﬂ#—_“_*du-—d‘

B - __..‘—H—_p,#.-*#*****###h,
- — .-,--q-n-—-!-i-_'—--—'--—'_—-ﬂuudl—-,l
el T, g, g T S —e—— e i S T S e ] Mo N

c | —— e, W, s, T S e c— i e o I v e B Vi A g
e 5 w— T, i i W S T TR S S S e e

e S S g = - . ol e 0w

Jules Etione Marey's 1901 pulsed flows around an airfoil at about 16° AoA
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