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SUMMARY 

The aerodymmic chazacteristics of 34 miscellaneous airfoi ls   tes ted 
In the -ey t w & b n s i o n a l  low-turbulence tunnels are presented. The 
data include lift, drag, and, in s o m  casea, pitchinbg+muent characteristics, 
for  Reynolds  numbers between 3 .O x lo6 and 9.0 x 10 . The airfoils  consist  
of modified or unconventional NACA 6-series a i r fo i l s  as& a i r fo i l s  which 
were derived by varioue aircraft manufacturers. 

A large nuniber of miscellaneous a i r fo i l s  not  included i n  the systematic 
investigations reported reference I have been tested in the Langley two- 
dimensional low-turbulence tunnels. Virtually a l l  these  tes ts  were  
requested by various agenciee fo r  the purpose of praviding the detailed 
information  necessary f o r  the design of particular  military airplanes. The 
results of the individual tests have previously been repxted t o  the agency 
concerned but no paper covering a summary of all the data obtained has 
been  published. In the hope that such a ~llmm~ry might prove of some value 
i n  problems concerning airfoi l   se lect ion,  the data optained i n  the 
individual  tests have been compiled and are presented i n  the present paper. 
Because of the unsy&,enaatic variations in the types of a i r foi l   tes ted,  no 
analys is  of the results has been  attempted. 

The airfoils fo r  which data are presented  coneist of 14 modified or 
unconventional NACA 6-8eries a i r fo i l s  and 20 other airfoils developed by 
several   aircraft  manufacturers. Lift, drag, .and, fn ~ o m e  caseB, p i t c h i n e  
moment data are included f o r  e h a i r fo i l  for eynolds numbers  which 
generally f a l l  between 3.0 x 13 and 9.0 x lo< A table is  presented 
which contains a brief physical  description and values of the more 
important aerodynamic characteristics of each airfoi l   tes ted.  
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a 

section angle of a t tack  

angle of a t tack at which lift is zero 

section drag coefficient 

minimum section drag coefficient 

section lift coefficient 

m x i m u m  section lift coefficient 

design  section lift, coeff ic ient  

section  pitching+mmnt  coefficient  about aerodynamic center 

sectfon pitching-momsnt coefficient  about  quartel.-chord  point 

Reynolds number 

a i r f o i l  chord 

horizontal  distance, measured d o n g  chord from leading edge 

vertical   distance,  measured above or  below chord line, positive 
when above chord line 

mean-line designation, fraction of chord from leading edge over 
which design load is uniform 

Wind tunnels.- All the tests were made in  the Langley  two4:mensional 
low-turbulence tunnels. The tea t   sec t ion  of each of these two tUnnd8 

measwes 3 f ee t  by 7- feet. The model, when momtea, completely spanned 

the 3-foot dimemion with t h e  gaps between the ends of the model and the 
tunnel walls sealed t o  prevent air leakage. All of the lift data 
presented were obtained by taking the difference between the pressure 
reaction upon the floor and ce i l ing  of the tunnel. Drag r e su l t s  were 

1 
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obtained by the wake-smey method, and pitchfng moments  were determined 
by mans of a torque  balance. A more complete description of the tunpels 
and th4 methods of obtaining and reducing the data are contained i n  
reference 2. 

Models.- The models representing the afrfoil   sections  tested were 
constructed of wood and all but one w e r e  of 2 b ” r h  chord. The surfaces 
of the models were painted and then sanded until aerodynamically smooth. 
Some of the models were equipped with f l a p s  or control  surfaces, Wst 
of  which  were constructed of metal. All plain airfoil t e s t s  were made 
w i t h  f lap  or  contro1”surface gaps sealed, and, in many cases, faired.  
The ordinates of the  a i r foi ls   tes ted are given in  tables I t o  m. 

Tests.- Because of the wide variation in  specific  requirements which 
the  individual  investigations were designed to   sa t i s fy ,  there was a lack 
of conformity in  the scope of th s  data obtained for   the vasious a i r fo i l s .  
For most of the  a i r foi ls ,   l i f t ,  and drag measurements were made for  several 
Reynolds nunibere between 3 .O x 10 6 and 9.0 x 10 6 wtth the model fn the 
smooth condition. The pitching+noment characteristics were determined f o r  
several of the a i r f o i l s ,  and, i n  som~ instances, the lift and drag charac- 
t e r i s t i c s  w e r e  determined with the leading edge of the model in  the 
roughened condition. The roughness employed was slmilar t o  tha t  described 
i n  reference 1. Although som of the a i r fo i l s  were equipped with hi+ 
lift devices,  there was no consistency i n  types of devices employed. The 
data from tests of these  latter  configurationa,  therefore; can give no 
indication of the relative response of different   tgpe  a i r foi ls   to  high- 
lift devices, &XI fo r  this reason, are not  included. 

L 

The resul ts  for the 34 a i r fo i l s  are presented in  the form of standard 
coefficients  representing the lift, drag, asd pitchlng moment in figures 1 
t o  34. In those  cases in which the  pitch-wnt data are  available,  the 
position of the aerodynamic center and th9 variation of the moment coef- 
f ic ient  about t h i s  point have been  determined and are presented. AB 
already  pointed out, all the data included herein have previously been 
published i n  individual reports. Sfnce the publicatfon of many of these 
original reports, certain  refinements have been made in the methods  of 
cnmputing and correcting the tunnel data. All of the data presented in  
the  present paper have been c.dculated  according t o  the refined methods 
which are described in  reference 2. - 

Brief  descriptions of the various  airfoils  teated,  together with 
the i r  more important aerodynam€c characteristics at a Reynolds number of - approximately 6 X lo6, are given i n  table XKXY. For identification 
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purposes the  20 a i r fo i l   eec t ions  which were cnmpanv-derived are designated 
by let ters of the alphabet. The numbers of the figures containing the 
complete  aerodynamic characterfat ics   obtained  for  each a i r f o i l  and the w 

numbers of the  tables in which the ordinates   for  each  eection are presented 
are a l s o  included in  table XXXFF. In aom instances the original paper in 
which the  data f o r  a parbicular a i r f o i l  o r  p u p  of airfoi le  were published 
has been  reissued for general dist r ibut ion.  In such  cases  reference is 
made t o   t h e s e  papers in tab le  XXXV. 

Langley Aeronautical  Laboratory 
N a t i o n a l  Advisory Committee f o r  Aeronarutica 

Langley Ah- Force Bme, Va. 
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. [Stations and ordinates given in 
percent of alrfoll chord1 

Station Upper surface Lower s u r f a o a  
orBinate o w a t e  

L.E. r d l u a r  2.20 
Slope or radius & o w  L.E.: 0.1& 

~ i 5 ~  0 

?:; 

95 
100 
99.8 u l o  

c 
Stat ion  
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= 0.5, czi = 1.794} 
Figure 1.- Aerodynamic characteristics of the NACA 65(216)-(3.4)15 = 0.6, czi = -l.ld+ alrPoll  

= 0.7, czl = -0.291 

section, 24”inch  chord. 
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F W r e  2.- Aerodgnamlc characteristlcs of the MACA 65,336 (approx.), a = 0.8 M o i l  section, 
24"inch chord. m 
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Figure 3.- Aer0a;lmSmic characteristics of the PIACA 65,918 airfoil section,  24-inch chomL 
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Fj-gure 4.- Aerodynamic characteristics of the NACA 65(p8)-419 airfoil Bection, 

2kinch chord. 
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Figure 5.- Aerodynamic'charaaterisflcs of the FIACA 6 6 ( 2 l 5 ) 4 4  aFrPoil section, 24"lnch C h m A .  
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B&ure 7.- Aerodynamic c k a c t e r i s t i c s  of the lyAcA 66(2l5)-(1.8)(13.5), a = 0.6 a i r fo i l  section, 
24Inch chord; 
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Figure 8.- Aerodgnamic characteristlce of an alrfo5J. section formed by a straight”1lne fairing between g 
an W 66(=5)4~6 airfoil-section and an NACA 6 6 , M j  airfoil section, 2 L k c h  chord. E! 
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Bigwre 9.- Aemdynamlc characteristics of the W A  66(21.5)-33 a i r f o f l  section, 2 b h c h  chora. 
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Flgure 12.- Aerodynamic characterietlcs of an airfol l   sect ion f m d  by a etral&+Lline fairing between 
an WGA 63(420)-32l airfoil  ~ e c t i ~ m  and an W A  65(38)-415 airfall.  section, 24”incb chord. 
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FLgure 16.- Aerodpamlc cbaracterietice of airfoi l  section B, 24"inch chord. 
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Figure 17.- Aerodynamic cbaracteristics of a i r foi l  eection C, 24”lnch chord. 
w 
W 



. .  

I 

. .  

P@re 18.- Aerodgnamic  characteristics of &Toll eectlon D, 24-inch chord. 
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Figure 19.- Aer-0 characteri6tics of m o l l  section E, 24”lnch chord. 
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F W e  2L- Aemdynadc characterjstica of airfoil sect lon G, 24-inch chord. 
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Figure 22.- Aerodynamic characteristias of a i r f o i l  section H, 2blnch chord. 
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Figure 24.- AaroQmmic characterlstics of & o l l  section J, 2k-hch chord. 
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Figure 25.- Aerodynamic charaoteristlcs of aFr fo i l  seotlon K, 24”h ahord.. 
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Figure 26.- Aarcdynamlc characteristics of a W o U  section L, 24"inch chord. 
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Pigwe 28.- bradynamic characteristics of a l r P o i l  section N, 24”inch chard. 
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Figure ~.--Atwod;gnamic charac tmis t l ce  of airfoil section P, 2binch chord. 
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Flgwe 3.- Aer0Qnd.c characteristios of a i r f o i l  section Q, 24-hch chord. 
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Figure 32.-’Aero4yaamic  characteristics of a m o i l  section R, 24-inch c h d .  
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Figure 33.- Aerod;gnamlc charackerietics of a i r f o i l  section. 8,  2 b l n ~ h  chard. 
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Figure 34.- Aerodynamic characterlstics of airPo11 section T, 2binch chord. 
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