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PRESSURE DISTRIBUTIONS   FOR REPRESENTATIVE 

AIRFOILS  AND  RELATED   PROFILES 

By Theodore  Theodorsen  and  Irven Naiman 

SUMMARY 

Selected pre3sure-distribution diagrams   for a 
number  of conventional  and  special airfoils  are  )&e--~~ 
sented.     The  conventional  airfoils  include   the 
NACA 22-,  I4J4.-,   and 2J0-series   airfoils  and  the Clark Y- 
family.     The   special  airfoils   consist  of circular-arc 
sections  or several  thicknesses   and curvatures "arid a 
number  of  synthetic   airfoils,   including several with 
'zero-moment   coefficient.     The   pressure  distributions 
are   in most  cases  given for several  lift  coefficients 
including that  at  the   ideal angle  of attack. 

INTRODUCTION 

In  the  last  decade   the   importance   of  obtaining a 
smooth and  continuous  pressure -.distribution on an air- 
foil has.been  increasingly recognized.     With improve- 
ments  in  the  experimental  technique   of measuring pres- 
sure  distributions,   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 calcu- 
lated  values,   since   little   allowance has-._to-.be 'mads  for 
the boundary layer.     Furthermore,   it  is  possible  to 
determine.by inspection in what manner  an.airfoil may be 
improve-d,- particularly if peaks, or  fluctuations  are 
evident\in 'the  pressure  curve. -     .    . 

1 

The early development of the pressure-distribution ' 
theory is contained in the works of Munk and Glauert. 
The theory of arbitrary, thick airfoils was'published, 
in 1931 (reference 1).  Further details of the theory 
of arbitrary 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 three 
groups of airfoils with their associated pressure dis- 
tributions; that is,, conventional airfoils, circular-arc 
airfoil sections, and synthetic airfoils, including 
several with zero moment coefficient.  The purpose of 
thi3 paper is to pre-sent data on a wide selection of 
airfoils that-are suitable for general purposes or as 
a basis for variations. 

METHOD 

•Conventional  airfoils.-  The  airfoil  pressure  dis- 
tri but ions' for  the   conventional, airfoils  are  computed 
by thö method of references  1  and 2,     The   symbols   and 
formulas   of—tills  method are  given  In reference   3  sxiä. are 
repeated herein  for convenience. 

x, y   coordinates of airfoil; origin, at center of air- 
foil and chord line of approximately I4. units 
along x-axis 

fl "2 sin2'8 = p + VP2 + y2    where     p = 1  -  fe\    - (%\  - 

ty 2  sinh ty - -  p + Vp2 + y2.     Since    y    is  generally 

small  for  airfoils,     sinh \|/ =  Z___    may be 
2. sin 6 

preferable.-     Near the  leading   (or  trailing) 

edge     ty.   "is  given approximately by    ^f - \l •% 

i where     <J    is   the  radius   of curvature  at  the 
leading   (or  trailing)  edge 

2TT e-" m ,.   op» 
\|/(cp)   cot        A        dcp    . 

e'      obtained graphically from  c, 9 curve ["TT*] 

ty'     obtained, graphically from  ^, 8 curve  ( ~) 

\|/(q>) dcp = -Constant 
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a      angle of attack with, respect to x-axia 

\J angle of_ zero lift, given "by value of e for 8 = rr 

. _    e^6(l + e' ) V •      •  •   , • k =    , . •",      ,_ .. :.      „..:  (value of k is 
W (sinh2^ + sin2eVl + ty'2) 

independent of angle of attack) 

ratio of local velocity at airfoil surface to 
uniform stream velocity     N 
(kCsin (a + <P) + sin (a .+ ß)]J 

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

used to designate difference of local pressure 
and static pressure in undisturbed uniform 

_v 
V 

stream) (& =  1  -   f-\       and    q = jjpV2) 

c segment  of x-axis   intercepted "by. airfoil, boundary- 

CL lift  coefficient  /"CL.-= —— = 8TT
^       sin' (a +  ß) 

^pcV2 

F point designated  the     focus     of  the  airfoil. 
The--oomplex constants, ' oj.    and     c'2   'may be 
defined as 

W<P)(cos  <p + -i sin  <P)  d? 

>0 

c2  =  A2  +   1B2 • [  "•  •' 

2^   p2rr 

^(9) (cos  29 +  1 sin    29)- d<P 
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Then. •       ' 
c  2 

b2c2iY =  i  + -i- + °2 

so  that 

An^    "    B. 
^  =   f 1   +     X     2 +  A2)     +   ( +  Ao }     +   ( AT BT   +' B l13!   "*"   °2J 

and 

1   ,___-!            A1B1  *• B2 Y = p  tan •"•  5 §  
Al2 " BiT 

1    +        +    An 
2 2 

Then  the  complex coordinate  of.    F • Is 

ZF =   (x + Iy)p 

= me"  + -£ a1«2*   -   P) 
e  ° 

Mp        __: moment  at     P,     constant  for  all angles  of attack 
(2trpb2V2  sin -2(y  -  ß)) 

^M• moment  coefficient referred  to    P 
/ MT? b2 " 
CMP = -jp•  = ^ -^ sin 2(Y  -  ß) 

/     £N+€T a-j- Ideal  angle  of attack t  

where     CJJ    and     ^    denote,   respectively,   the 
values   of     e.    at^the nose   and  tall; vthat  Is, 
at     8  =  0    and     0  =  TT,'    respectively! 

Circular-arc  sections .-,  In  order  to  obtain  the 
c IrcuTar-arc  sections, the  Karman-Trefftz   trans format i on 
is  used;   that  is, 

i  + na _  A + a\n -   r. 
I  - na      \z - a/, 

where  £ is the complex coordinate in the physical plan« 
and z-'is the complex coordinate in the circle plane. 



NA.C& TN No..   10.l6  

If  the  center  of the  circle   is  on the  y-axis  at     a tan  ß, 
two  circular  arcs.are  given in the  physical plane.   "For 
n = 2     this   transformation.reduces  to  the   Joukowsky 
transformation and  the-circular  arcs  are   coincident. 
The  y-coordinates  for  the  upper  and lower  surfaces   at 
the  center of• the. circle  are ~  1 

yn= na cot § (§ -  ßj 2 12 

^L =  -na  c ot|(|+,) 

and the percent thickness is given by 

t = ^ 
7TT - yT 

2na 

1 
2 

oot t(|_ p 100t || + p 

sin n TT 

• . TT cos nß  -  cos n-^ 

The   ideal   lift  coefficient,   the   lift  coeffIcient_at   the 
Ideal  angle   of attack"  (a =  0°),     is given by 

it IT 
CLT = ten  ß. .1        n . 

These   two equations may be  used, to  determine  both    n 
and    ß     for  a specified thickness  and lift  coefficient, 

If 

^2 = 
1  +  cos   <cp -   p)" 

1   -    COS. [9   4-   ß) 

then  the x-coordinate   is 

na/ 1 
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where 

M = u + — - 2 cos n(: I-P) 

for bhe upper surface and for the lower surface if—+ß 
Is substituted for  -ß.  The y~coordinates for the upper 
and lower surfaces are.. 

n(|+p) 
2na  . 

*LS"^T  Sin 

The   velocity is  given by 

v = M/sin  cp +  sin ßV 
V \        n cos  ß   / 

Synthetic  airfoils.-  The   synthesized' airfoils  are 
fully defined by^the 'ty-function/or -..--• 

if « ^0 + Ax cos   (q> -  ö]_)   + A2  cos   (2<P -  52). +   ... 

from which 

e  " Ax  sin  {<P -  ö-^.)   + A2  sin  (2<P -  52) +   ... 

The  ordinatea  are  given *by 

x - 2a  cosh ty cos   6 

.    y# = 2a sinh ty sin  6 

and  the   velocity by 

[sin  (a +   cp)  + sin  (a .+.--£)] eVo 
v 
V (.^/.^[(x--^^ 

where  ß = €   The value of Sy    may be obtained by 
solution of the ^-equation If  9 =? 8 +- e and 

e = Ai sin (9 + e _ 61) + A2 sin (26 + 2e - ö2) + ... 
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For      eT,   • 

9  =  TT 

and ••-;-• 

Sip =  - A]_ s in  (£rp -  6^)  + A2  sin  (2 dp -  62)   -   ••• 

This   transcendental'.Equation must be   solved by--'- 
successive   approximations-.     The method  is  rapidly 
convergent.. 

* 
RESULTS 

The results are presented in the form of a composite 
figure for each airfoil. Each figure contains a sketch 
of the airfoil contour in the upper left-hand corner and 
the pressure distribution for a lift coefficient of 0, 
0.1/0.2,0.3, 0.5,1.0, 1.5, and the ideal lift.  For the 
circular-arc airfoils the pressure distributions are 
given for the ideal lift only. 

0onventlonal airfoils.- The first group of airfoil3 
comprises some which are In quite common use but for 
which no complete set of pressure distributions has been 
published.  It is desirable to have the pressure distri- 
butions of these airfoils'- on re-c'ord since they form 
convenient references. for use or modification of the air- 
foils.  This grouo of airfoils consists of the NACA 22-, 
).\l\.-,   and 230-series airfoils (figs.,1 to 5, 6 to 11", 
and 12 to lS-, respectively) and the Clark Y family of 
airfoils (figs. 19 to 30).  Ordinate a, gr  t.h^ w^s ??- 
andltkr series airfoils are a;iven in reference It  and of 

•tKe~TlACÄ 23"0-series", in reference 5,  For the- Clark Y 
family of airfoils, a designation of the form CY(c)-t is 
adopted, where the letters CY are the identifying 
initials, the letter within the parentheses represents 
the percent maximum ^camber at ij.0 percent chord, and the 
last letter represents" the percent maximum "thickness 
at 30 percent chord.  In the notation used herein the 
original Clark Y airfoil becomes CY(3V576)-11.7.  The 
basic camber and thickness distributions of the Clark Y 
family are given in table I.  In the generation of all 
airfoils of the Clark Y family, the camber and thickness 
are measured perpendicular to the chord line. 
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^.Tiere   are   several  subgroups   in  the  Clark Y family. 
In  .figures   19  to 25  are  airfoils of the   standard  flat- 
bottom type   obtained by multiplying both   the   camber      _ 
and  thickness  ordinates  by the  same  ratio.     The  airfoil 
3hown in figure   19  is   the   original Clark Y airfoil 
CCY(5.576)-11.73.     Figures  26  and 27  give   the Clark  Y M 
airfof:T  in which  the   camber remains     constant  and 
Identical  to  the  original Clark Y airfoil  and  the 
thickness  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  figure  30 
the  cajmber  of the   airfoil  Is   the  same   as   that  of  the   air- 
foil  in figure  29 but   the   thickness was  decreased  to 
6  percent." 

Circular-arc  sections.- The   second group of  airfoils, 
figures-51  to 3U>   is  a collection of circular-arc   sec- 
tions .obtained by the  Karman-Trefftz   transformation. 
These   airfoils  are  designed  for  Ideal  lift  coefficients 
of  0.1,   0.25,   0.5,   and  1.0,   and  the   airfoil  shape   and 
pressure  distribution are  given at  0-,   5-,   10-,   and 
15-percent  thickness. 

Synthetic  airfoils. -  The   third group,   figures  3"5 
to l)-9,   shows  examples  of airfoils  constructed  in accordance 
with  the method of  the   last  section of reference  2.     In 
figures  35   to Ij.1»   examples   of .airfoils  are  presented 
containing  only  one  harmonic 

A|/ = ty0  + Ai  cos   (cp  -  61) 

Such examples  are   interesting  in that  they demonstrate 
how far it  Is  practicable "to  obtain airfoil shapes 
based on only one harmonic.     It  appears   from  the  results, 
that  for  one harmonic  a phase   angle   of If.50 gives   the 
best  airfoil  shape. 

In figures lj.2  to I4.7,   the  generating  function con- . 
tains   first  and  second harmonics 

^  = ^0  + Ai  cos   (<P   -  61)   + A2  sin 2q> 

For these airfoils the constants are chosen to generate 
airfoils with zero moment-coefficient exclusively. 
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In fig-ores lj.8 and 1+9, two examples are shown with, 
functions containing first, second, and fourth harmonics, 
'•vith the constants again chosen to give, zero moment 
coefficients;-. Since the fourth harmonic'doss not afTect-- 

the moment coefficient, a certain freedom in rearranging 
the pressure distribution at will is afforded. "- 

Langley Memorial Aeronautical Laboratory ,-. --:  - 
National Advisory Committee fcr Aaröhaütics_' 

Langley Field, Va. , .September 13, "T-9^4-5 
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TABLE   I 

MEAN-CAIIBER AMD   SEMITHKKHESS  ORDINATES   FOR FAMILY 

OP  AIRFOILS  BASEL  ON CLARK Y SECTION" 

[All  values  are  given in percent wing chord] 

Station Mean-camber  ordinate Semithickness 

0 0 •0 

1.25 .O822 .15 Oil 

2.5 .1597 .2150 

5 .50'j.O .2979 

7.5 .Ul89 .3515 

10 .5185 '.3923 
1 

15 .6312 -hsck 
20 .8062 431*2   • 

30 • 9^57 .5000 

14-0 1.0000 .14.872 

50 .9732 .1496 

60 .8773 .3910 

70 .7225 .3141 

80 .5207 .2231 

90 .2785 .1197 

95 .1)4-35 .0657 

100 0 0 

L.E*   radius:     0.009t2;     T.S.   radius:   0.005't 

NATIONAL ADVISORY 
COMMITTEE   .?0R AERONAUTICS 
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Fiqura 15.-Shape  and  pressure  distribution for NACA 23015 airfoil. 
NATIONAL ADVISORY 

COMMITTEE FOt AERONAUTICS 
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Fiqure 16.-Shape   and pressure  distribution for NACA 23018 airfoif. 
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Fiqure 17.-Shape  and pressure distribution for NACA 23021 airfoil. 
NATIONAL ADVISORY 

COMMITTEE FOt AERONAUTICS 
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Fiqure 19."Shape  and pressure distribution for Clark Y airfoil, CY(3.57fe) -11.7. 
NATIONAL ADVISORY 

COMMITTEE Ft* AERONAUTICS 
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fiqure 20.-Shape  and pressure distribution for Clark Y-4 airfoil, CY(1.22-3)-4*. 
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Fiqure ZI .-Shape  and pressure  distribution for Clark Y-8   airfoil,CY(2.445) -8. 
NATIONAL ADVISORY 
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Fiqur«: 22.-Shape  and pressure distribution for Clark Y-15 airfoil, CY(4.585) -15. 
NATIONAL ADVISORY 
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Plqure 23.-Shape  and  pressure  distribution for Clark Y-18 airfoil, CY (5.502) -18. 
NATIONAL ADVISORY 

COHMJTTEE FT* ABKMMVTICS 
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Fiqure 24.-Shape  and pressure distribution for Clark Y-20 airfoil, CY(6.113) -20. 
NATIONAL ADVISORY 

COMMITTEE FO» AUONAUTKS 
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Fiqure 25.-Shape  and pressure  distribution for Clark Y-22 airfoil, CY(6.724)-22. 
NATIONAL ADVISORY 

COMMITTEE FM AEKHMUTICS 
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Rqurft 26.- Shape  and pressure distribution for Clark Y rt-fc  airfoil>CY'(3.576)-6. 
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fiqure 27.~5hape  and pressure distribution for Clark YM-20 airfoil,CY(3.576) -20. 
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fiqure 28.-Shape  and pressure distribution for CY(3.056)-II.7 airfoil. 
NATIONAL ADVISORY 

COMMITTEE FOt AEMNAUTKS 
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Fiqure 29.-Shape  and pressure distribution for CY(6.113) -11.7 airfoil. 
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Fiqure 30.-Shape  and pressure distribution for CY(6.M3)-6 oirfoiJ. 
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Fiqure 31.-Shape and pressure  distribution for circular-arc 
airfoils  of various thicknesses.  C.-0.I. NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 
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Fiqure 32.-Shape  and pressure distribution for circular-arc 
airfoils  of  various  thicknesses.   C.-0.25. NATIONAL ADVISORY 

COMMITTEE FC« AEMNAUTKS 
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Fiqure 33.-Shape   and pressure distribution for circular-arc 
airfoils of various thicknesses.  C-0.5. NATIONAL ADVISORY 

^- COMMITTEE FOt MHOMAimCS 
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Figure 34.-Shape   and pressure  distribution for circular-arc 
-airfoils of various thicknesses.   Q.- 1.0.      ^ÄS^cs 



NACA   TN  No.   1016 Fig.   35 

^   20 o 

5  o 

a. 

-20 C„F=-0.0522 

S   0 

CL= 0.233 
a =0.07° 

Ideal lift 

CL-0 
a =-1.95° 

Q.= 0.l 
a.=-l.08c 

§ 

n^-23.64 

< o 

CL= 0.3 
Oi'O.fefe' 

CL= 0.5 
a=2.40c 

20 40 60 80        100 
x, percent chord 

CL-1.5 
a= 11.20' 

20 40 60 60 100 
x, percent chord 

Fiqure 35.-Shape  and  pressure  distribution for synthetic airfoil; vjj = 0.05 + 0.05cos(<p-45*). 
NATIONAL ADVISORY 

COHMITTEE F0« AM0KAUTICS 
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Fiqure 36.--5hape   and pressure  distribution for synthetic airfoil; ty =0.075+0.075 cos (<P-45°). 
NATIONAL ADVISORY 

COMMITTEE Fat AEHWMUTICS 
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Fiqure 37.-Shape  and pressure distribution for synthetic airfoil; v[/»0.08+0.1 cos(<P-45°). 
NATIONAL ADVISORY 

COMMITTEE FT* AEMNAUTICS 
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Fiqure 38.-Shape  and pressure distribution for synthetic airfoil; if = 0.1 + 0.1 cos(<P-45°). 
NATIONAL ADVISORY 

COMMITTEE F0* AERONAUTICS 
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Fiqure 39.-Shape  and pressure distribution for synthetic airfoil; * = 0.12 + 0.1 cos(<P-45°). 
NATIONAL ADVISORY 

C0HK1TTEE FOt AERONAUTICS 



Fig.   40 NACA   TN   No.   1016 

o 
JZ 
u 

c 

V 

20 

-20 -CM,= -0.1164 

CL= 0.625 
ot= 0.45* 

CL= 0.5 
a=-o.57° 

CL= 0.1 
a =-3.83' 

C=0.2 
a = -3.01 

CL°03 
a.-2.20' 

20 40 60 30        100 
x, percent errand 

C" 1.0 
a. = 3.52' 

•3r 

« 

CL- 1.5 
06=7.65' 

20 40 60 60 100 
x, percent chord 

Fiqure 40._5hape  and pressure distribution for synthetic airfoil; * «0.125 + 0.125cos(<p-45°). 
NATIONAL ADVISORY 

COMMITTEE F0* AERONAUTICS 
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Fiqure. 41 .-Shape, and pressure distribution for synthetic airfoil; i|/ = 0.15 + 0.15cos(<P~45°), 
NATIONAL ADVISORY 

COMMITTEE FO» AEDONAUTKS 



Fig.   42 NACA   TN  No.    1016 

"2 20 
.2 
u 

^_ 
c 0 
u 
i_ 

s. 
^ -20 C"F° 9 

C^-0.319 
a-1.70* 

Ct=0 
a -1.00° 

• -CL=0.I 
a—0.15' 

CL-0.2 
a =0.69° 

CL- 0.3 
a=l.54' 

20 40 60 80 
x, percent chord 

0.-0.5 
a-3.24* 

§ 

£ 

CL- 1.0 
a => 7.49' 

20 40 60 SO 100 
x, percent chord 

Ftqure 42.-Shape  and pressure distribution for synthetic airfoil- 

* - 0.0804 + 0.09cos(<p-30V0.0262sin2<P.     NAT,QNAJ! ADVISORY 
COMMITTEE FO» AERONAUTICS 
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fiqure 43.-Shape  and pressure  distribution for sijnthetic airfoil;. 
* = 0.1122+ 0.09cos(<P-30°) + 0.0255sin2<P. NA•NAL ADVISORY 

v ' COMMUTE! FOt AM0HAUTICS 
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Fiqure 44.-5hape  and pressure distribution for synthetic airfoil; 
^= 0.0996 + 0.1 cos (<p- 30°)+ 0.0284sin2<p NATION«, ADVISOBV 
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Fiqure 45.-Shape  and pressure distribution for synthetic airfoil; 
vf= 0.0808+ 0.1 cos fp-45°)+ 0.04l5sin2<P.        NATIONAL ADVISORY 

v ' COMMITTEE F0« AEMMAUTICS 
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Fiqure 46.-Shape  and pressure distribution for synthetic airfoil; 
<J/ = 0.1012 + 0.08 cos (<P -30°) + 0.0Z3lsin 2<p. NATIONAL ADVISORY 

v ' C0HHITTEE fO« AER0IUUTICS 
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Fiqure 47.-Shape  and pressure distribution for synthetic airfoil; 
«!"= 0.1226 + 0.08cos (<P-30°) + 0.0226 sin 2<P. NATIONAL ADVISORY 
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Fiqure 48.-Shape  and pressure distribution for synthetic airfoil; 
*» 0.0948+0.08 cos (<J>-30°) + 0.0234sin2<p+0.005cos4<P. 

NATIONAL ADVISORY 
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Fiqure 49.-Shape  and  pressure distribution for synthetic airfoil; 
+ » 0.0897+ 0.08cos(<P-30°) + O.OZ37sin2<P + 0.01 cos4<P. 
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