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TECENICAL MOTE NO 1016

PRESSURE DISTRIBUTIONS FOR REPRESENTATIVE
ATRFOTLS AND RELATED PROFILES

By Theodore Theodorsern and Irven Naiman
SUMMARY

Selected pressure-distribution dlagrams for =
number of conventional and specisl airfolls are Preé- -
sented, The conventional airfolls include the )
NACA 22, Lli-, and 230-series airfoils and the Clark Y.
family. The special airfoils consist of circular-arc
sections of several thicknesses and curvatures and a
nurber of synthetic airfoils, including several with
‘zero- moment coefficilent. The pressure distributions
are In most cases given for severagl 1lift coefficients
including that at the ideal angle of attack.

INTRODUCTION |

In the last decade the importance of obtaining a
smooth and conbtinuous pressure distribution on an air-
foll has been increasingly recognlzed., With improve-
ments in the experimental technigue of measuring pres-
sure distrlbutions, the agreement between experimental
and theoretical pressure distributions has steadily
improved, A low-drag airfoil has a distribution which
is in almost perfect agreement with theoretically ¢alcu-
lated values, since little allewance has . to.be ‘mads for
the boundary layer. PFurthermore, 1t 1s possible to
determine by inspection in what manner an sirfoll may be
improved,. particularly if peaks or fluctuations are
evident\in ‘the pressure curve,

The early development of the pressure~distribution -
theory 1is contained In the works of Munk and Glauert,
The tkeory of arbltrary, thick airfoils was published,
in 1931 (reference l). IFurther detalils of the theory
of arbltrary airfoils were presented in reference 2,
particularly in regard to the calculation of moment
coefficients.
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The present paper contains an analysis of threo
groupa of glrfolls with theilr assoclated pressure dis-

tributions; that 1s, conventloneal airfoils,
airfoil sections, and synthetic airfoils,

several with zero moment coefficient,
thils paper is to present data on a wide selection of
alrfcils that agre sultable for general purposes or as

a basls for varlagtions.

METHOD

circular-arc
;ncluding
The purpose of

Conventional girfolls,~ The glrfoil pressure dis-
tributions for the conventlonal airfolls are computed
by ths method of references 1 and 2,
formulas of-—this method are given in reference 3 and are

repeated herein for convenlence.

The symbols and

X, ¥ . coordinates of alrfoll; origin at center of air-
foil and chord line of anproximately L units

along x-axls

)

. Y - S —— . - . - cfx 2 I ~r
) "2 8in®0 = p + p2 + y2 where p = 1 - (5) - (5
Vs 2 sinhV = - p + véE + y2, Since y 1is generallé
small for alrfolls, sinh V¥ = b mnay be
2 sin ©

preferable, Near uhe leading (or trailing)

edge _w.‘is-given approximately by WV = w =

where C 1s the rgdiuvs of curvature at the
leading (or trailing) edge

" . 1 27 :
€ (@) = -5%. V() cot
o -
et obtalned graphically from
! obtained graphically ffom
o=8FE -7

. § am o
Vo = 5= f Y(®) a9 = -constant
0

¢

-~ 0!

2

e,e

a9
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angle of attack with respect.to x4axis'

angle of. zero 1ift, given by value of € for 6 = T

— (value of: k is

ratlio of local velocity at airfoil surface to

[sin (¢ + ©) + sin (2 + B)])

ratio of local superstream pressure to dynamic
pressure (the term "superstream pressure" is

and statlc pressure In undisturbed uniform

segment of x-axis intercdepted by alrfoil boundary.

1 - @)2 and q=-21-pV2>

7 -
L= 8”2 ° sid (a + B)
-al;pcv2 ) _

a
2
Yy -
e = e O(1 + €'
\/ (s1rnP¥ + sin?e)(1 + ¥12) -
independent of angle of attack)

v _
v zniform stream welocity

k
2
q

2=

stream) q
¢
CL 1ift coefficlent (?sz
F

point designated the focus of the alrfoil.
The -cemplex constants c¢3 ‘and cp ‘may be
defined as .

is

et

C2

1i

ane

Aj + 1By

R/
e\'.lO

e

peT : . o
j Y(P)(cos ® + 4 sin @) 4® T .. -
O . .

ni

A2 + 132

=

2¥,

(i

0

2T

V(@) (cos 29 + i sin 29).49
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Then. : . : , R
; 012
bZCZiY =1 + N + co.
so that 5 _
. 2 2 : _ }
A - B
ph = (3 T+ A%> + (AlBl + 52)
and ' . -
_ 1 -1 A1By # B,
Y =3 tan ™ 5
15 = By=
1+ ———"=+ A .
2 2

Then the complex coordinate of F . 1is

ZF = (X. + iY)F

il

2
meld +.J%~ ell2y = B)

e ©

i _ - moment at F, constant for all angles of attack
(21pr2V'2 sin 2(y - ﬁ))

CMF mcment coefficiént referred to P

ey + €q
ar ideal angle of attack i
where €y and T denote, respectlyely, the
values of € t—the nose and tmll; that 1s,
at 8 =0 and 9 = 1, respectivel;)

Circular-arc sections.,- T oféer to obtzin the
clircular-arc sections the Karman- Trefftz transformation

1s used; that is,
£ + na _ e
g - ng zZz - a :

where § is the complex coordinate in thé physical plane
and z .18 the complex coordinate in the cirele plane,
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If the center of the circle is on the y-axis at a tan B,
two circular agrcs.are given in the physicgl plane. For
n =2 this trsnsformation redudes to the Joukowsky
transformation and the-clrcular arcs are c¢odincident.
The y-coordinates for the upper sné lower surfaces at
the center of. the .circle are -

3

Yg = .na cot ;-<I-r - >
v, T -ng cot—< +(5>

and the percent 'th_ickness is given by ' e

[\V)

t___yU-yL
2n -
= E:t—-é-- >+cot-—(+ﬁ>
sinnz

- . e
cés n(s = cos n-é-

The ideal 1ift coefficient, the 1irt coefflcient at the
ideal angle of attack (a = 0°), is given by

%
- 47
CI}I— n'tanﬂ

These two equatlions may be used to determine both n )
and B for a Spec:_fied thickness and 11f% coefficienﬁ

If : : _
2= 1 + cos (CP_— !:) -
® 1 ~ cos, (CP + ;3) _

then the x-coordinate 1is - _—
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whee . N R . e I — — - =
MS u+ = -2 cos nfd - g
for tke upper surface and for the lower surface 1f— +@ 'a ;
is substituted for -p3. The y-coordinates for the upper _ _
and lcwer surfaces are.. T - ' o
o _ 2na Y
yU ---——-—-M sin n(—- - >
¥, = _2_%& s8in n< + [3)
The velocity 1s given by
v _ M(%in @ + sin g\2
v n cos {
uynthetic girfoils.~- The synthesized alrfails are o
fully defined by the V-function, or T ¥

V= Yy + Ay cos (P - 83) + Ap cos (29 - Bp) + ... L
from which . R N o : : +~}_*ﬁ

€ = Al-sin (@I— 61) + Ao sin (29 - 62)+ cos
The ordinates are given by

2a cosh ¥V cos ©

ik

X

I

¥y = 2a sinh ¥ sin ©
and the veloclty by

[sin (a+ @) +sin(a-hﬁﬂew°

a5 : N T 2
e i) [ - 2+ (&) ;

where p = €T' The value of €p may be obtained by
solution of the ¢-eguation 1f @ = 8 +- ¢ gnd

-
v

€= Ay sin (8 + € - 87) + Ay sin (20 + 2¢ - 82) + ...
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For ET’

D
i
2

and

This transcendental equatlion must be solved by
successive approximations. The method is rapidly
convergent.. : .

RESULTS

The results are presented in the form of a composite
fizure for each airfoll., Each figure contains a sketch

of the airfoil contour in the upper left-hand coriner snd

the pressure distribution for a 1ift coefficient of O,
0.1, 0.2,0.3, 0,5 1.0, 1.5, and the idesl 1ift. For the
c1rcular ~arc airf01ls the pressure dlstribufions are
glven for the 1dsal 1ift only.

Conventional sirfolls,- The first group of airfoils
camprises some wnich are in gulte geommon use dbut for

which no complete set of pressure distributions has been

published, It 1s desirable to have the pressure distri-
butions of these ailrfoils on récord since they form

convenient references. for use or modification of_the air- ]

foils. This groun of airfoils conslsts of the NACA 22-,
-, and 23%30-seriles sirfoils (figs.,l to 5, 6 to 11,

alrfoils (Figs. 19 to 30). Ordin T G -

and 12 to 18, respectively) snd the Clark Y family of (

and | ieg airfoils sre zi in referepce lL and of
‘ACA 250~series, in reference 5, For the Clark Y
femily of airfoils, a designation of bthe form CY(c)~t is
adopted, where the letters CY are the identifying
inltials, the letter within the parentheses represents
the percent maximum camber at o percent chord, and the
last letter represents the percent maximum thickness
at 30 percent chord. TIn the notation used hersin the
original Clark Y airfoil becomes CY¥Y(3.576)~11.7. The
basic camber and thickness dilstributions of the Glark Y
famlily are given in table I. In the generation of all
airfoils of the Clark Y family, the cember and thickness
are measured perpendicular ito the chord line.
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There are several subgroups in the Clark Y family.
In figures 19 to 25 are airfolls of the standard flat-

bottom type obtained by multiplying both the camber e

and thlckness ordinates by the same ratio. The airfoll
shown in figure 1G is the original Clark Y airfoll
[cY(3.576)-11.7].  Pigures 26 and 27 give the Clark Y M
sairforl in which the camber remains constant and
identical to the original Clark Y airfoll and the
thickri#ss is the only variable. In figures 28 and 29 .
the standard thickness of the Clark Y airfoil is maintained
and two values are used for the camber; In fizure 30

the cember of the alrfoil ls the same as that of the alr-
foll in figure 29 but the thickness was decreased to

6 percent, L

Clrcular-arc sections.~ The second group of airfoils,
rigures-51 to L, is a gollection of circular-arc sec-
tions obtained by the Karman-Trefftz transformation.

These alrfoils are deslgned for i1degl 1ift coefficients
of 0,1, 0.25, 0.5, and 1.0, and the alrfoil shape and
pressure distribution are given at O0-, 5-, 10-, and
15~percent thickness.

Synthetic airfoils,- The third group, figures 35
to 119, sShows examples of dirfoils constructed in accbrdance
with the method of the last sectlon of reference 2. In
figures 35 to L1, examples of.alrfoils are presented
containing only one harmonic ' E

V¥ =Yy + A3 cos (@ - 5q)

Such examples are interesting in that they demonstrate
how far it is nractlcable to obtain airfoil shapes '
based on only one harmonlc. It appears from the results.
that for one harmonic a phase angle of 45° gives the
best alrfoil shape. .

In figures L2 to L7, the generating function con- .
tainsg first and second harmonics '

V=V, + A1 cos (9 - 61) + A5 sin 29

For these alrfolils the constants are chosen to generate
sirfolls with zero moment—coefficient exclusively.
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In figures 48 and lj9, two exasmples sre shown with
functions contalnwng first, secend, and fourth hgrmonics,
with the constants again chosen 6 glve zero moment
coefficients:. Since the fourth hermonic doss not afféct — ~

the moment coefficisnt, a cértaln freedom in rearranging '

the pressure cistridubicn at will is affordea

Langley Menorial Aeronsutical Labo”atory o
National Advisory Coamnittes fer Q;bnautics'__ g
Langley Fisld, Va. , September 1}, 104§ :
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TARBLE I : - - _—
MEAN-C AREBER AND SEMITHICKNESS ORDINATES FOR FAMILY
OF AIRYOILS BASED ON CLARK Y SECTION

[All values are glven in percent wing Qhord]

Station Mean-camber ordinate i Semithickness

0 ‘ 0 0

1.25 . 0822 o .150k

2.5 ' .1597 - .,2150

5 . 3010 .2979

7.5 | L4189 3513
10 5185 3023
15 ' 6312 ' 50l
20 | 802 48L2
30 | 9457 .5000
Lo » 1.0600 : 872
50 9752 14196
60 .8778 .3910
70 . 7223 <311
80 .5207 o 2231
90 - .2785 1197
95 .1L35 L0637
100 0 ' 0

' L.E. radius: 0.009t2; T.8. radius: 0.005%

NATTONAL ADVISORY o |
COMNITTEE OR AERONAUTICS = ™ L
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Figure 5.-Shape ond pressure distribution for NACA 2218 qirfoil.
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Fig. 6 "
o - .= 0.550
Q
e (=2
§ = of e ——————————"0y
] \
n- .
- I- Ideal lift
T - .
g
S
o
=
S
-l C.=02 -
oL=-2.45° 4l
—
e ] H
g OV ——— 41
I -
g
=
-l I CL‘OJ
h<. . as-1.59°
3 : i A
> OY = A]
'o 040 80 100 ' 20 40 0 8 100

‘X, percent chord

X, percent chord

Figure 6 .- Shape and pressure distribution for NACA 4406 girfoil.
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Figure 7 .- Shape and pressure distribution for NACA 4409 airfoil.
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Figure 9.~Shape and pressure distribution for NACA 4415 dirfoil.
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Figure 11.~Shape and pressure distribution for NACA 4421 airfoil.

NATIONAL ADVISORY
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Figure 12.- Shape and pressure distribution for NACA 23006 airfoil .
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Figure 13.- Shape and pressure distribution for NACA 23009 airfoil.
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Figure 14.- Shape and pressure distribution for NACA 23012 airfoil .
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Fiqure 19.- Shape and pressure distribution for Clark Y airfoil, CY (3576} - 11.7.
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Figure 21.- Shape and pressure distribution for Clark Y-8 airfoil, CY(2.445) - 8.
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Fiqure 23.- Shape and pressure distribution for Clark Y-18 airfoil, CY (5.502) -18.
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Figure 25.- Shape and pressure ‘distribution for Clark Y-22 airfoil, CY (6.724) - 22.
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Fig. 26 NACA TN No. 1016
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Figure 26.- Shape and pressure distribution for ClarkY M-6 airfoil,CY(3.576) -6.
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NACA TN No. 1016 Fig. 27
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Figure 27.- Shape and pressure distribution for Clark Y M-20 airfoil,CY(3.576) - 20.
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Fig. 28 NACA TN No. 1016
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Figure 28.~ Shape and pressure distribution for CY(3.056) -11.7 girfoil.

NATIONAL_ ADVISORY .
HHITTEI FOR AERONAUTCS

—— i e ¢ T e i

p

Vi



NACA TN No. .1016

(<

y, percent chord
Q

-zok Cuup=-0.1373

0 20 40 &0 &0 100 0 20 40
x, percent chord X, percent chord -

&0 80

Figure 29.~ Shape and pressure distribution for CY(6.113) ~11.7 airfoil.
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Fig. 30 NACA TN No. 1016 .
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Fiqure 30.~ Shape and pressure distribution for CY(6.113) -6 airfoil.
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NACA TN No. 1016 . Fig. 33
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Figure 34.- Shape and pressure distribution for circular-arc
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NACA TN No. 1016 Fig. 35
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Fiqure 35.- Shape and pressure distribution for synthetic airfoil; ¥ =0.05 + 0.05 cos (# - 45°).
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Fig. 36 | ' - NACA TN No. 1016
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Fiqure 36.- Shape and pressure distribution for synthefic airfoil; ¥ =0.075+ 0.075 cos (P ~45°).
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NACA TN No. 1016 Fig. 37
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Figure 37.- Shape and pressure distribution for synthetic airfoil; W=0.08+0.1 cos (¢ - 45°).
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Figure 38.- Shape and pressure distribution for synthetic airfoil; W= 0.1+ 0.1 cos (¢ -45%.
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NACA TN No. 1016 Fig. 39
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Figure 39.- Shape ond pressure distribution for synthetic airfoil; ¥ =0.12+ 0.1 cos (9 -45°).
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Figure 40.- Shape and pressure distribution for synthetic airfoil; ¥ =0.125 + 0.125 cos (¢ - 45°).
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NACA TN No. 1016 Fig. 41
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Fiqure 4.~ Shape and pressure distribution for synthetic airfoil; ¥=0.15+0.15 cos (@ - 45°),
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Figure 42.- Shape ond pressure distribution for synthetic airfoil;

¥ = 0.0804 + 0.09cos {9 -30°) + 0.02625in2¢.
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NACA TN No. 1016 Fig. 43
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Figure 43.- Shape and pressure distribution for synthetic dirfoil;

¥ = 0.1122+0.09cos (P~ 30°) + 0.02555in29.  _ NATIONAL AovisoRy



Fig. 44 NACA TN No. 1016
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Figure 44.- Shape and pressure distribution for synthetic airfoil;
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NACA TN No. 1016 Fig. 45
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Figure 45.- Shape and pressure distribution for synthetic airfoil;

¥ = 0.0808 +0.1cos (9 - 45°) + 0.0415sin2. NATIONAL ADVISORY
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Figure 46.- Shape and pressure distribution for synthetic oirfoil;

¥ = 0.1012+0.08 cos (¢ -30°) + 0.023!sin2¢@.
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NACA TN No. 1016 Fig. 47
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Fiqure 47.- Shape and pressure distribution for synthefic airfoil;

¥ = 0.1226 + 0.08 cos (9 - 30°) + 0.0226 51 29. o NATIONAL ADVISORY ¢
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Figure 49.- Shope and pressure distribution for synthetic airfoil;
¥ = 0.0897 + 0.08cos (¢ -30°) + 0.0237sin2¢ + 0.0l cos 4.
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