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NATIONj~ ADVISORY CO~WITTEE FOR .~ONAUTICS 

J;DVANCE CONFIDENTIAL REPORT 

SU1YW)RY OF AIRFOIL DATA 

BS Ira·Ii . Abbott; Alber t E. von Doenhoff, 
and Louis S . StIvers, Jr. 

Recent airfoil data foX' both fUght and wind-"i:;unnel tests 
have been collecteel and. correlated :lnsofar as possible . The 
flight data consict largely of drag measu.rements made by the 
wake-survey method. Most of the date. on airfoil section charac
teristies wer e obtained. in . the LangJ.e,Y" tvlO-d1mensional low
t urbulenc e pressure t.UI1..neL Detail data necessary for the 
a].iplica-ej.on of NACA 6- sE;rie::. airfoils t.o wing design are presented 
in sup:plementary 'figu:r>es] together vr:i.th recent (lat.a for the 
NACA 00.:., 14-, 24-,. 44 - , end 230 -serie8 airfoils. The general 
methods used to d.erive the basj.c t h ickn(1sS forillS for NACA 6-
and 7-serie8 airfoils and their corresponding pressure distri
buMons are presen ted. Data and methods are given for rapidly 
obtaining the ap:9roxlraate pressure distrllrl.1.tlons for NACA four
digit, five -diGit, 6-, and 7-Der ies B.irfoils. 

The r eport includes an ane,lysis of the lift, drag, pitching
moment, and critical-speed' cha",(,t.:l.cteristics of the airfoils, 
together ",ith a d iscussion of t he effects c·f surface conditions. 
Data on hieh-lift dev~ces are presented. Problema associated 
with lateral-control deVices, leading-edge air intakes, and inter
ference ace briefly discussed , The data indicate that "the effects 
of surface condition on the lift and drag characteristics are at 
l08.st as large as the effects of the airfoil shape and must be 
considered in airfoil selection ~d the prediction of wing 
characteristics . . Airfoils permittiIl['; extensive J .. eminar flo'", 
such as the NACA 6- s er1e8 airfoils , ha.ve much lower drag 
c oefficien ts at high speed and cruisine lift coefficients than 
earlier types of a.irfoils ii', and only if) the w"ing surfaces are 
sufficiently smooth and fair. The NAC .. 6 - series 'airfoils also 
have favorable critical- speed 'Jh£l.racteristics anJ. do not appear 
to pr esent unusual problems associated ,.r:i th the ap1JJ.ication of 
high-lift an0. l ater2.l-control o.evlces. 
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INTRODUCTION 

A considerable amount of airfoil data has been accumulated 
from tests tn the langley two-dimensional lo,of-turbulence tunnels . 
Data have also been obtained from tests both in other wind 
tunnels and in flight and include the effects of' high-lif't 
devices J surface trr~gulcu~i ti.es, and interference. Some data 
are also available on the effects of alrfoil section on aileron 
characteristics . Although a large amount of these data has 
been published, the scattered nature of the data and the limited 
objectives of the reports have prevented ade(J.uate analysis and 
interpretation of the resulto. The pUl~pose of this report is to 
summarize these data and to correlate and interpret them ins0far 
as possible . 

Recent l nformatjon on the aerodynamic characteristics of 
NACA airfoils is present e.d . The historical development of 
NACA airfoils is briefl,)' r evieYTed . Ne1" data are :presented that 
permit the ra~id calculation of the approximate pressure 
distributions for the older NACA four-dj.git and five-digit airfoils 
by the same methods used for the NACA 6-serie8 airfoils. The 
general methods used to deri vo the basic thiclmess foYIlls for 
NACA 6- and 7-s8r 1e8 airfoils together with their corresponding 
pressure diot:ributions are presented. Detail data neces sary for 
the application of the airfoils to wing design are presented in 
supIilementary figures placed at the end of the paper. The report 
includ.es an analjs.fs of the lift, drag, pitching-moment, and 
critical-speed characteristics of the airfoils , together with a 
discussion of t.he effects of s urface c·ondi tions. Available data 
on high-lift devices are. presented . Problems associated with 
lateral-control devices , leading-edge air intakes , end interference 
are briefly discussed, together with aer odynamic problems of 
~pplication. -

Numbered f'ilSureA are . used to illustrate the t ext and to 
present miscellaneous data: SuppJ.,enenta.:ry. figures and tables are 
not numbered but are conveniently arranged · at the end of, the 
report accord.ing to'the numeri cal designation of the airfoil se.ction 
wi thin the fol16,.ring headj.ngs : 

. I. - Basic thickness forms' 
, 

II. - Mean lines 

111 . - Airfoil ordi nates 

IT . - Pr edicted cri tical/ Mach numbers 

V. - Aerod~~amic characteristics 

~.~---- ----------------~--~----
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These supplementary figures and tables present the basic data 
for t he airfoils . 

SYHBOI.8 

&.spect. ratio 

Fou:de:c' series coeffic:i ents 

a meall - lir:.e 6.esigne.tion , fraction of chord from leading 
e(~ge oYer i·~hich design load ":'8 uniform; in deri yation 
of thickneos cli3'Lr il:utions, bas':'c length usually 
con. i dere.'l. unity 

b i·Ting s .Je~TJ. 

bf . flaIl s)en, in1)oard 
l 

bf flap spen, outboard 
o 

CD (teas caeff i c i ent 

C dra6 coefficient at zero Jift 
DL=o 

CL lif t coefficient 

6CL .o incren~ent of nJa.'Cit um lift caused by flap deflectlon 
.L 

c chor d 

Ca aileron chord 

Cd sect:'on dr ag coe:'f'icient 

c minilllv_n secti0I'l clra,r:1 coeff" cient dmin .:> 

Cf. flap ch0rd, i~b02rd 
l 

c.f f lap chord, out.board 
o. 

f lep-chord ratio 

coefficient (q:c~ sec tion ailE-r on hin~e -m.oment 

3 
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OCR incre~nen-':; of aileron hil1.f,e-moment coefficient at 

D 

h 

L 

M 

H 
cr 

const :Ilt lift 

• 
h i nge -mon:ent parameter 

section lift coeffic i ent 

de s i{:i;n s ec ' ion Idt coeff..L.cient 

moment coefficient about aer odync::mic center 

monent coe:i:'f i cie:J.t abo'J,t qua:.':'ter-chcrd point 

section ncrn:3.J. - force coefficient 

drag 

108S of total pr essure 

free - sJ.:,ream total pr68S1.~re 

secti.cn aD eron hinge moment 

exi t height 

constant 

Ijft 

Ma.ch n'.1l.i·foer-

cri tical l,lach numb er 

typical :9oj.nte on uTper and lower sur:'acGs of air~ oil 

r l'e :3SUTe eoe?fLient 

cri tical pr essure coeff ic :1.ent 

r esultant pressur e coeff ~, c ient ; difference bet.reen 
local upper- and 10'"er-surface rrc8sure coefficientf:! 

10caJ, statjc rre~ 8ure; al<'o, allsular velocity i n roll 
'I n pb/2V 

f r ee - ct,reaIT1 static pr essux'e 

}.j. 
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R 

R cr 

t,.., 
c 

v 

v 

6v 

x 
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helix engle of vling t::.p 

free - stream dynamic ~jre3sure 

Reynola.8 nU!Jloer 

cri tiGal PeynoJcls numbel" 

press LITe 
I' ). H - n 

coefficient ( ~_o __ J 

. \( qo 

first airfoil thiclmess ratio 

frGe-ntreem veloc~t~ 

j nlet veloci t.y 

10c81 "'-e~~oc i ty 

in ,!'ement of local -,reJ.oci ty 

inere ent of local ve:'oc: T,y ca:1sed b- aidi tio~lal type 
c£' ~oad d:"st:dbution 

'rei-oci ty :!."at::'o corresl ·on~ling to thickn.e 3s tl 

veloci ty ratio corresponding to ~~~Lclmess t2 

distance along ~hord 

me~1-1~ne abscissa 

abscissa of lo~rer surface 

aoscise~ of upper surface 

chord-trise })osl"Gioll of transition 

diEt,ance l)er},Jendi Jular" to chord 

5 
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m.ean-li~e orrlinate 

ordinate of 101-ler s ur ace 

ordinate of sJmmetrical thickness distribution 

o dinate of uPDer surface 

complex ·ariab~e -:"n circle plane 

complex variable in near- circle plane 

8:1g1e of atta.ck 

sec tion aileron effee ti veness parameter J ratio of" ch8.11ge 
in sectton E;:1,'sle of £..tte.ck to :increment of aileron 
dt~flecti(;n at a cons·:;ent value of lift coefficient 

ang10 of zero lift 

section fu!gle of ~tt&ck 

incr ... ment of sec-:'io:1 angle of attacl<:: 

section angle of ettack correcponding to design 
lift coefficient 

flap or aHeron deflection; dOW:l c..ef10ct .~on is posj.tive 

flag deflection, j.nboal'd 

flap deflect ion~ outboard 

aj.ri'cil parameter (¢ - e) 

E: TE valne of € at trailing edge 
" 

e 

complex variable in airfoH })larle 

angular coordinate cf z ' ; also , a11g1e '.'Those tangent 
1(3 s l o})e of mean. line 

taper r atio 
(

Tip Chord0 .. _ ""'-_ .. - . 
Root chorcl . 

l 
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turbulence factor (Effective RemoldS humber\ 
\; Test Reynos number ~ 

angular coor~inate of z 

airfoil parameter determining radial coordinate of z 

aver~e value of ,y, (~rrl:~) 

HISTORIC.AL DEVELOPMENT 

The development of types of NACA airfoils now in common use 
.Tas started in: 1929 ,.i th a systematic investigation of a family 
of airfoils in the Langley yariable~density tunnel. Airfoils of 
this family were designated by numbers having four digits, such 
as the NACA hl.L12 airfoil . .All airfoils of this family had the 
same basic thickness distribut10n (reference 1), and the amount 
and type of camber was systema.tically varied to produoe the family 
of related airfoils. This investigation of the NACA airfoils of 
the four-digit series produced. ai:d'oH sect:~ons having higher 
maximum iift coefficlents and lower minimulll drag coefficients than 
those of sectjons developed before that time. The investigation 
also provided information on . the changes in aerodyna~ic charac
teristics resulting from Variations of geometry of the mean line 
and thiclmess ·ratio · (reference .. l) . 

T~e investigation was extended in references 2 and 3 to include 
airfoils with the same thi ckness distribution but with nositions of 
the maximUm camber far fO~Nard on the airfoil. These airfOils were 
deSignated by numbers having five digits, such ?-s the NACA 23012 
airfoU . . S(lme airfoils of .this family showed favorable aerodyna.m;i.c 
characteristics .except for a large sudden loss in lift at the stall. 

Although these lnvestigations were extended to include a 
limi ted number of a rfoils wi.th varied thickness distributions . 
(references ~ and 3 to 6), no extensive investigations of thickness 
distribution were made. Comparison of experimental drag data at 
10'"' lift coefficients with the skin-friction coefficients for flat 
plates indicated that nearl;y all of the profile drag under such 
conditions was attributable to skin friction. It was therefore 
apparent that any pronounced reduction of the profile drag must be 
obtained by a reduction of the skin friction throv~h increasing the 
relative exte~t of the laminar boundary layer. 

7 
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Decreasing pr essures in t he dir ection' of flow and low air
str eam turbulence wer e known to be favorable for laminar flow . 
An attempt i,ras accor dingly made to increase the relative extent 
of laminar flow by the development of airfoils having favorable 
pressure gradients over a gr eater pr oportion of the chor d than 
the airfoil s developed i n r efer ences 1, 2, 3, and 6 . The actual 
atta:i.nment of extensive laminar boundary layers at large 
Reynolds numbers was a pre~iously unsolved experimental problem 
r equ i r ing the development of nei-' test equipment -1 th very low air
str eam t urbulence. This "'ork was gr eatly encourae:;ed by the 
experiments of Jones (reference 7) } who demonstrated the possibility 
of obtaining extensive lam:i.nar layers in fl ight at relatively 
large Reynolds numbers . Uncertainty "T1 th regard to factors affecting 
separation of the turbulent bov.ndary layer requ),red experiments to 
determi ne the possibil'l ty of making the rather sharp pressure 
recoveries required ,over the rear portion of the new tJ~e of airfoil. 

New 'Hind tunnels were designed specifically for testing air
foils under conditions closely approaching flight conditions of 
air- stream ' turbuJ,ence and ReynolO,s ,number. The resUlting wind 
tmmels ~ the La.ngley t',lo- climensional low-turbulence tunnel (I..TT) 
and the Langley two-dimen3io~lal low- turbulence pressure tunnel (TDT) , 
and the methods used for obtaining and correcting d~ta are briefly 
described in the appendix . In these tunnels the models completely 
span the comparatively narrm'T test sections; two-dimensional flow 
is thus provided} wh1ch obviates difficulties previollsly encountered 
in obtaining section data from tests of finite-span wlllgS and in 
corr ecting adequately for suppor t interference (reference 8). 

Difficulty '.-las. encoun' cr ed in &.ttcmptinG to d0si-sn air -
foils having desired pressure distributions because of the lack of 
adequate theory . The Theodorsen method (reference 9), as 
ordinarily used for calc:u1ating the pressure distributions about 
airfoHs} was, not sui'fi<::iently accurate near the leading edge for 
,prediction of the local pressure gradients. In the absence of a 
suitable theoretical method; the 9-percent-thick s~mnetrical airfoil 
of the NACA- 16-8e1'ie8 (reference 10) was obtatned by empirical 
modification of the pr eviously' used thiclmess distr ibutions 
(reference 4) . These NACA 16-series sections re:r:resented the first 
family of the low-d.ra.g h igh-crItical-speed elections . 

Successive attempts to desisn airfoils by approxjmate 
theoretical methods led to families of alrfoils designated NACA 2 -
to 5-series sections (reference 11). Experience "ii th these sections 
showed that none of the aPl'r oximate methods tried was sm'ficiently 
accurate to sho"," correctly the effect of changes in profile near the 
leading edge . \oJind-tmmel and flight t0StS of these a.' rfoils showed 
tha t extensive laminar bo~dary layers could be maintained at 

8 
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a t comparati vel y 18.1~go valueE? of the Reynold.s 'number if the a ir
fo i l surfaces were s uffi c"iently fair and smooth. These tests also 
pr ovided. qu alitative infoX'lJ1ation on the effect!'! of t.he rnae.;-ii tuc."..e 
of t h e favore.ble pressure gradtent, lead:;'~··edge r adius, en d 
other shap'e variables . The (l ata also showed that separation of t he 
t urbulent boundary l ayer over the rear of the flection, especi.a::'ly 
wi th rough sur fac'es, limited 't!le 'extent of laminar ID-ye ::.~ for \-lhiGh 
the airfoils should be designed. The airfoils of theBe ear:!.;)'· 
families generally showed relat~Lvely 101-1 ma..'C·mum lift coefffcienJ·s 
and , ' in many cases, wer e designed for a greater extent of lruninar 
flO1, than I s pra.ctical . It ,·ras leal"Iled that, al t}lOngh sections 
designed for an excessive extent of laminar flO1., gave extrem.eljr, 
low drag coefficients near the cteslgn lift coeffi~ient '\>Then smooth, 
the drag of such sections became unduly large when rOUgh; partic,\-l
larly at lift coefficients hiF~her than the design lift. These 
families of air foils are accoI\ii.p..,'~ly considered ob~olete . 

The NAC/\ 6 - ser5.es basic thi ckn ess fO!'rilB i·rere derived by new 
and improved methods a.escribed. herein in the r ection "Methods of 
Der ivation of Thickness Distr ibut:i.ons , " in accorde.nce w1th d69i5l'l 
c r i ter i'ons established "lith the objective of obtaining desirable 
dr ag, cr itical J-.'la ch number, and m~im.um-l'ift characteristics. The 
pr esent report deals lar gel y '..,i th the cnaracterist:.cs of t.hese 
sections . The development of the NilCA 7 - series faroiJ.y has also 
been started . 'This £'amily of airfoils is characterized 'by a .:;r eater 
extent of' lamLT!ar flow on the l over than on the u:;:Jpe:r surface . 
The s e sections permit ImT pi tChing-momen-t coefficient,s with 
moderately hi8h d.esign 11ft coeff:lc ien ts at the expense of some 
r eduction in nlaximum lift aIld critIcal Mach number. 

Acknmdedgement 1.13 gratef ully expressed for the expert guidFillce 
and many orig ina..l c on t ribut:'ons of l'fJ.r . EactIllE'.Jl. N . J acooEJ , who 
supervised this work . 

DESCRIPTIOl OF ATIFOILS 

Method of Comb i n 5.ng Mean Lines and 'fhiclm ess Distributions 

The camber ed airfoil s ectionG of ali NACA fam.Ll1es cons idered. 
herein are obtained by comb2.ning a mea.T! line and a thiclme::s . 
dis'trlbution . The necess ary geometric data and some theoretical 
aerodynamic data for the mean lines and thickness aistributions 
may be obtained f r om the su:yplementary fig1.U~es by t lle methoo.s 
descr ibed for ' each faimly of airfoils. 

Q 
-' 
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'The process for ·.com.blni!1g a mean line' and a thickness distri ·· 
bution to obtain the desired cambered airfoil sectiqn j s illustrated 
in f igure 1 . The leading and ·t r ailj.l1;J ed{5es a re defined as the 
forward end rearward extremities, respective'ly, of the mean line . 
The chord. line . is def ined as the 8tY'ai~ht line con..n.ecting the 
leading arid t r ailing edge s . Ord.::'ne.tes of tile cembererl a.irfoll are 
obtained by laying off the t:L1ickriess distribut:i'on perpendicula:c to 
the mean line. The absc.issas , ordinates, and slop~8 of the me[:L11. 
line are designated as xc, ' ',;'c ', end. tan ~ ) res.};jecti vely . If 
Xu and yU repr esent, respectively J the · ab3c:i..3Sa. Pond. ordinate ' of 

a typical point of the uP?er s urfa.ce of the airfoil and Yt io 
t he ordinate of ' tbe s'ymmetrlcul t h ickness d istributlon at chorcbd!:le 
poai tion 'x, the u:pper-surf'sce .eoordina.tes are given by the '. 
following relations: 

xu ::: X ' . . . - Yt sin ' 9 (1) 

J' U - )Ie + Yi Gas r-: ) (2) 

The corresponding ex~ressions for. the lo1·;er ··surface Qoord.inates 
ar e 

XL X +Ytsin e 

v ' = y - y~ cos 9 
~ L . c '. v . 

( ~. ) 

The center ' for the leadlng - edge r adius i8 fOiilld b;y clra ·ling 
a line through the end. of t~ec.hord .at · the 106,ding edge vTi th the 
slope equal to the slope of ttl-e mean. line a t .. that :point' 'and .ltij'ing 
of'f a d istance from' the J Gtiding edge along t his line eqyal' to 'the 
leading- edge r adius . This method c;>f construct:i.on caus es t.he 
cambered a:i.rfoils to. p!'oject sl.ightly fOri-lard 'of t.he leadine-edge 
point. Because the slope at the leading edge i s theoretically 
infini te for the mean 'lines he.v ing a theoretically finite load. at 
the leading edge, the slo:pe of the radius t hroueh the end. of the 
chord for such mean LLn.es is usually take!1 as the slope of the mean 
line at ~ = 0 .005 . This procedure is .jus tified ~y the ma.:1ner in 
vThieh t he slope increases to the theore ticallY ' infi.ni.te value · 
as x/c app:roaches O. The slope increases ' slm-rl:....-. mtil very SIll8.11 
values of x/c are reached. Large value's of the slope are thus, ' 
limited to values of x/c ver~i cj:ose to 0 ahd may be, neg lected 
in practical airfoil·design . 

Tables of ordinates are incl'J.ded in the supplementary data for 
all airfoj.ls for which standard characteristics are presented . 

10 



nACA Acn riO' ; L5C05 

NACA Fo~C'-Digi t·· Ser ies Airfoils 

Numbering system, - The n1.lmberil1(:, system for the N;\CA airfoils 
of the four-digit ser~e8 (referen ce l) is based on the airfoil 
geometry . The f,irst integer indicates the maximum value of the 
mean-line ordinate .Yc in percent of the chord. The second 
integer indicateE; the distance from the J.,eading 'edge to t.he 
l.ocation of the ma:xim~l]lJ. camber in tenths of the chord . The last 
tivo integers indicate the airfoil th .. ckness in percent of the 
chord. ThL:'S, Ue NAC!j 2 i}15 a1rfoH has 2-}"ercent camber at 0.4 
of the chord from. the leading edge and .is J..5 J?ercent thick. 

The first tva .1.nte36r g taken tOGethe::.~ define the mean line, 
for exam Ie, the NAC.!" 24 mean line. The syuJ1letr:i.cal airfo:l 
sections r epr e[lentjng the t,nicknecs distri'.J1..lt'..on for e family 
of airfoils are desiS-Tlated by zercs for the firs-:' t-,w integers, 
as i n the case of the I;AC1\ 0015 a.irfoil . 

Thickness dJstriDutio!1s .. - Date. for the N.ACA 0006, 0008, 0009, 
0010, 00l2, 0015, OO:;."B, 0021, 3...Tld 0024 t.hiclmess dis-'-ributiom: 
are presented. :'n the sUPl-'lemen i:a:L7 f:'gU1'6S. Ordinate3 for inter
mediate thic}:neS8eG may be obti"jned COY!.'6ctly by 8caLtnr, '~he 

tabulated orc.ine.teG :tn pr':>port· on to the thlcmes8 l'Ei.tio 
(reference 1) . 'l'he lee.dL13- e(1~}9 r adiu3 -rarieG 3.S the square of 
the thickness ra.t~.o . Values of (v IV) '2, which h; ec~uj valent to 
the low-speed ~ re3 C1Ul~e distrilJ~'.t:Lon, C!.J.'ld of v/V are also presented. 
These data we· e obta:L:'..ed by Theociorsen t s method ():'eference 9). 
Values of the Yeloci ty increments f'::,va/V- induced b~T changinr; angle 
of attack ( see section "Ra!.:,i d Estimati'on of I'ressure Distribution ll

) 

are also presented for an acldi tional Uft coefficient of approxi
mate13' U-.'1.ity . Values 0:' the velocity ratio v /V for intermediate 
thic1mess ratios may be obtained apj,lroximately by l).nea!' scalin3 
of the velocity increments ebt.ained from. the tabulated values 
of v/V for the nearest thickness ratio; thus, 

Values of the velocity-increment rat:'.o 6va /V may be obtained for 
intermediate thicknesses by interpolatl n. 

Hean lines. - Data for the NACA 62, E?3, 61~, 6/} 66, and 67 mean 
lines a r e presented tn the supplementary fisures . The dath presented 
include tbe mean-line OI'd.inatos Yc , the slope dYe/dx, -'-,he' 
design lift coefficient cl i illld the corresponding design engle 
of attack ~ , the moment coefficient cTIlc/4

J 
the resultant 
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preSS'l.lX'e coefficient PRJ and the velocity r atj,o t:,v IV . The 

theoretical aerodynamic characcer:.i.stics Here cbt3.~ned from thin
airfoil theory . .lUl tabulated va:wes for eech mean l::i.ne, 
accordingly, vary linearly with the maximum ordinate Yc , and 
data for simj.l a r mea..'Yl l ines 'vi th d.:i.fferent emo1illts of comber 1·ri thin 
the ust:al range may 'oe obtained sinrpl by scaling the tabulated 
values . Data for t he NAC P- 22 mean line may tbus be o'btained by 
mul tiplying the data for the N .'.CA 62 mew- line by the ratio 2 : 6, 
am', for t he NACA q. mean Lne by mul t:Lplying the data for the 
NACA 64 mean line by the r atio 4 : 6 . 

NACA Five -Digit.,Series Airfoi l s 

Numbering system . - The numbering s:,' stem. :'or airfoils of the 
NACA fi ve - d.igi t series is b ased on a combinc~tion of theoretical 
aerodynamic characteristics ~Dd 3eometric characteristics 
(references 2 and .3 ) . The fl r st integer indicates the em.ount of 
camber in terms of the r e le.ti ve :nagni tude of the desit)'11 lift 
coeff1cient; the des i.gn lift coefficien'G in tenths is thuB t:h.ree 
halves of the first integer. The second and third 'lntegers 
together :indicate t he d s tance from the leading edge to the 
location of the w:..ximum. c embo:'C; thl .3 d':stance in lxlTcent of the 
chord is on e -half the number rep:reG':3ntel'i. by these intege:rs. The 
last. t yro inte~ers ind.ic ato the airfoil thiclme(~s in percent of the 
chor d . The NACi, 2;01~~ airfoil t!1US has a design lift coefficient 
of 0 . 3, has :i. ta maximum cam.ber at 15 1.ercent of the chord, a.Dd has 
a thickness r atio of 12 percent . 

Thickness dlstrib1x ci ons . - The thicYw.'10S8 distributions for 
airfolls of the Ni'C_A fi ve-digi t series are the same as those fo r 
airfoils of the NACA four -digit series . 

Mean l~,nes . - Data for the !<T . • CA 210, 220, 230 , 2q-O J and 250 
mean lines e r e pr osen-sed in the supplE-mentary figUl~es in the same 
form as for the mean lines gi'.,ren herein for the fou.:r - digit series. 
All t abulated values for each mean line vary linearly with the 
maximum ord'nat or with the design l ift coefficient . Thus , data. 
f or the NACA 430 mean line may be obtained by multiplying the data 
for the NACA 230 ~'1.ean lin e by 1:.11e r atio 4 :2 and for t.ho NACA 640 
mean line bJ roul tipl ying the da.ta for the NACA 240 mean l.ine by 
tho ratio 6 : 2 . 

NACA I - Ser ies tirfoils 

~Jumbering system . - The NAC,I.\ 1-series a:!.rfoile are designatod 
by a five -digit number - aG, fo r exrunple, the NACA 16-212 section . 
The first integc~~ r epr esents the series d.esignation. The second 
j.ntog r indicates tho dietanc6 1n tenths of' the chord from t he 
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leading edge to the position of m.llllmV1l1 pr es8ure for the symmetrtcal 
section at zero lift . The first number follovi.nS the dash indicate s 
t he amount of c81l1.ber expc.>essed 1n tec.'IllS of the design lift coef
f'ic i ent in tenths , and. the le8-:' tyro, numbers together indicate t~e 
thi ckness in percent of the chord. The commonly used sections of 
this farnily have minimum I;ressure at 0 . 6 of the chord from the 
leading edge and are u8'J.8.J.ly referred to as tho NACI1, 16-series 
sections . 

rJ:'hickness distrib~~tj.ons . - Data for the N_~ CJ. 16 -006, 16-009, 
16-012, ].6- 015, 16-018, and 16- 021 thic~me3s d1striOutions 
(referen~e 10) are r!'esented :1.n the 8up]J1ement8,ry figures. These 
(lata are simila r in f orm t o those e.i.rfoils of the NACA four-digit 
series , and d.ata f or ~l.Ilterm.ed.iate th.ld::rJ.esG r at:i.os may be obt ained 
in the Sa5e manner . 

l1ean lines . - The NACA 16- ser:ies airfoils as commonly 'used 
are cambered with a mean line of the vniform-load tYIJe (a = 1 .0), 
which is descr ibed u..'1.der '"he 8ec~~:i.on for the NACA 6 - ser :L8s airfoils 
that follows. If arw other tY"fi6 of mean lirrs is uued} this fact 
should be stE~ted in the [~irfoil d,8IO'i{jnation . 

'}.!P,CA 6 -Sec.>ies Airfoile 

~umbering system . - The HAC;:, 6 - series airfoil,-: are usually 
designa.ted by a_ s1- -digit !Lmber' '.:;ogether 1.'.. th a. statement sho',ring 
the type of mean l i ne used . For exam~le, in the des l gnation 
NACA 65, 3-218, [) = 0 .5, the "6" i s the series designation. The 11 511 

denotes the . chord o}'i8e pos1tion of minimlJIlJ. pressure in tenths of the 
chord behind the leading edge for the basic symmetrical section at 
zero Eft . ThG "3" folloving the connna gives "Chs range of lift 
coefficient i n '~enth8 above and belo~'T the design Ij,f-t coefficient 
in vrhich favorable pressure gr adients eX::'st on both surfe.ces . The 
"2" follmling the dash gives the design lift coefficient in tenths . 
The l as t tyro digi t s i ndicate the airfoil t!1ickness in percent of 
the chord . The d.esignation "a = 0 . 5 11 shows the ty-pe of mean line 
used . Wnen the mean - line designation is not given, it is understood 
that the vnHorm.- load meaIl Jine ( a := 1.0) he.s been used . 

",Then the mean line used i s obtained by combining mQ:!:'e than one 
mean line, the design lift coefficient. used i n thE':: designation is 
the algebraic sum of the decoj.gn 1 ift coefficients of the moan lines 
used, and the me[;.l1 lines are describGCl i n t he statement follovTiIlB 
the number as in the following case : 

-, 

/'- ~ ""' 81 a a.5, 
NACA O)} j -C:J.. ,) 

1 a = 1.0, 

13 

c7,' -= l 
C7 • = - l 

0 . 3 l 
.... 
/' 

-0 1 I • 1 
,-' 
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Airfoils havi ng a thi ckness distr i bution obtained. by linearly 
i ncreasin g or decr eas:Lng the or d.inates of cne of the originally 
derived thiclrness d l str iDution s are d.esignated a.3 i n t he follo~.;ing 

example : 

NACA 65(318 , - 217, . a ~ 0 . 5 

The s ignifj.conce of all of the nUl'1J.oer s except those in the 
:r.arentheses is t he SaT:le as before . The first nUL'lber and the last 
two nunibe::.:s enclosed_ in the pe.:~enthe.3 es denote J r espectively) t he 
low-d:rag range and the ti1id;ne8s i n pel'cen't of t...'1.e chord of the 
orig inally derived thiclm.ess distribu4~ior.. . 

The mor e r ecent NAC 6 ·- serj.es airfoils a r e c.erived as members 
of t hiclrness families ha7i ne; a simple relations hip Deb'leen the 
conformal trans~ormat:;'on8 for airfoils of d.iffer ent thickness 
ratios but having mi n im'J...7Jl p:cessure at the sarne chordvise posItion . 
These airfoil'" are dlstincuished II'om the ear'lier indiv idually 
derived alr foils by \rri ting the number indicating the lmv-dr ag 
range e.s a Gubscr i:pt; for example, 

NACA 653- 218, a·- 0 .5 

For N JI.C I I 6-·ser:i.e s ai,rfoi l s having a thi.ckness r a t io less than 
0 .12 of the chord the subscript n umber indicating the low-drag 
range should be less than unity . Rather thfu~ ~se a fractional 
number ) a subscript of uni t3' was orig inally employed f or these 
a i r fo ils . Sinc e this usage 1.s not cons.Lsten t ~"i th the previous 
definition of a nll111De:::-- indicating the lOvT-drag range, the d.eslgnati on s 
of air fo::'l sect i ons having a thickness r a tio less than 0 . 12 of the 
chor d a r e now gi ven \V~l t hout Guch a number . As an example , an 
NACP. 6 - series airfoil having a thiclm.es8 r atio of 0 .10 of t he chor d 
vrould be c.es ignated. 

NACA 65-210 

Ordinates f or the basic t hickness distribut~on6 designated by a 
subscript are slightly d iffer ent from those for the corresponcUng 
indi vidually derived t hickness d, l. s t r nutions . As b efore, if t he 
ordinat es of the 'bastc thiclme8s d i s t ribution have teen changed by 
a f a c tor, the :tb\r- dr a8 r ange and. t hickneRs r atio of the o'riginal 
t h ickness distribution are enclosed in :pe r entheses as follows : 

a =: 0 . 5 

If J hm.reve!·, t he ordinates of a bas ic t hickness c.istr 1 Dution 
having a thickness r atio leGS -than 0 . 12 of the chord. have been 
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changed by a factor, the number indiccttng the lou-drag range is 
eliminated and. only t~e orisin .::.l thickness ' ratio is enclosed. in 
I,arentheses as follmvs : 

If the design lift coefficient in tenths or the airfoil 
thickness in percent of chord are not ,,,!lole intesers, the numbers 
giving t,hese quantj. ties are us-...lal:.y enclosed in parentheses as in 
the following designation : 

NACA 6')('")'8\-(1. 5 )(16.5), a = 0 •. 5 
, J .L) . 

Some early experimental airfoils 'are designated by the insertion 
of the letter x immediately preceding the h;;'];!hen as in the 
designation 66,2x-115 . . 

Thickness d.istributions. - Data for available NACA 6-seri68 
thicb1ess forms ~e presented i n the supplementary .figures; These 
data are comparable with the similar dat£t for airfoils of the 
NAGA four-digit series, except that ordinates for intermediate 
thick-Dess8s may not be correctly obtained by scaling the tabulated 
ordinates proportiona l t o the thickness ratio. This method of 
changj.ng the ordinates by a f actor· will, hm.rever, produce shapes 
satisfactorily approximating members of the familY 'if the ch~~e 
in thickness ratio is small. Val es of v/V and 6va/V for 
intermedie:.te th,i.clmess r atios may be approximat'sd as desc:ribed . 
for the NAC1\. f?ur;-digH series .. 

Mean lines . - . The mean lineS commonly used ",i th the NACA 6-ser1e8 
a irfoils - produce a uniform chord,tlJse loading from the leadine; edge 

to the point 2 = a and a linearly d8c:C6asin~.10ad from this point 

to the tra.iling edge . . Da.ta for I'LACA raean lines vi th values of a 
6Clual to 0 7 0 .1,0.2). oj, o . 4~ 0.), 0.6, 0 .7, 0.8, 0.9, end 1.0 
8.re presented in 'the s u"(:rplementary figur~s. The ordine.tee "rere 
computed by the follmv;:ing formula, '\-Thich r epresents ~. simpl ification 
of the origtnal expression for mean - line ordine.tes given in 
reference 11: . 
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The ideal angle of attack ~i corresponding to the design 
lift coefficient is given by 

C2; 

eXi =0 :' h 21((a-'-+T) 

The data are pre :=: ented for a design lift coefficient cI 
i 

equal to uni ty . All tabula ted. va lues -;iFJrY direc tl;y with the design 
lift coefftcient . Correspond:Lng (lata for similar mean lines with 
other design lift coefficients may accordingly be obtained simply 
by multiplying the tabulated values by the des ired design lift 
coefficient , 

In order to camber NACA 6-series airfoil, mean lineR are 
usually used having values of a equal to or greater than the 
distance from t he leading ed3e t o the location of mi nimum IJr es8ure 
for the s elected thicki'1ess di stribution at zero 1ift , F0T special 
purposes , load distr i butions other than those corre sponding to the 
simple mean 1 tnes rna:r be obta:i.ned by combin i ng t,vo or more types 
of mean line ha ving ~)osi tive or negative values of the des ign lift 
c efficient , The geometric and aeroc..ynamic characteristics of such 
combination s may be obtained by algebraic a dO.i t ion of the values for 
the component mean lines , 

NACA 7 -Series Airfoils 

Numbering SY8~~~ , - The NACA 7-ser1es airfoils ere a,eaignat ed by 
a number of the follm.;'ing type (nference 12): 

N.li.CA 747A315 
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The f i r st number "7" i ndj_cates the ser ies number. The .,second 
number "4" i ndicates the . extent over the upper surface, in te:c .. t.hs 
of t he chord from the l eE'.d i ng edge) of the region of favorable 
pr essure gr adient at t he des i gn. lift coefficient . The third 
number "7 " i ndicates t he ex ten t over the Im'Jer surface, in tenths 
of t he chor d from the l ead ing edge) of the region of favorable 
pressure gr adient at the design lif t coefficient . 'll1e significance 
of t he l ast gr oup of three numbers is the same as for the previous 
NACA 6-ser ies airfoils . 'l'he letter "A" which follows the first 
three numbers is e. serial letter to distinc;,uish different airfoils 
ha v i ng par ameters that Hou.ld correspond to the SaIne ... "lumerical 
designation . For exampJe , a second airfoil having the same extent 
of favor abl e pr essure grad:! en t ever the ui1per and lovler surfaces) 
the s ame design lift coeffiCient, and the same max:i.mUill thiclmess 
as the or iginal air foil but hav ine a different mean-·line combination 
or t hiclmess distribution ',vould. have the serial letter "B". Mean 
l i n es u sed for the N.CA 7 - series airfoils are obtained by combining 
t wo or mor e of the previously described me~~ lines. A list of the 
thi clmess distribu.tions and mean l ines used to form these airfoils 
i s pr e s en ted ~n table I . The basic thickness distri'bution is 
given a designation similar to those of tbe ~inal c~bered airfoils . 
For eX8n:ple ) the basic th~clmess (Ustrib1..ltion for the NACA 7L.7A315 
and 747A415 airfoils is given the d.esignation NACA 747A015 even 
t hough minimUll1 l)l"essure occm"'" at O . 4c on both upper and lower 
s urfaces at zero lift . Combinat:.on of thl.s thickness distribution 
1vU h the mean lines listed in table I for the NACA 747A315 airfoil 
changes t he pressure distribution to the desired type e.s shmm in 
f igure 2 . 

Th i clmess distributions . - Data for available NACA 7-serles 
thickn8ss distributions a r e ' presen ted in the supplementary figures. 
These thickness distributions a.r e individually derived and do not 
form th': ckness families . The t hickness ratio may, however, be 
c hanged a moder ate mnount - say 1 or 2 percent - by mul tiI·lying 
t he t abulated ordina.tes 'by a suitable factor without seriously 
a.lter ing thei r charCJ.cter:tstic8 features . Values of (vjv)2 and 
of v/V f or thinner or thicker thickness distributions m.e.y be 
approXimated by the method of equation (5) . If the change in 
t h ickness r aUo is small, tabulated ValU06 of u.va/V TI!.h.y be aplilied 
directl~T with r easonable accura cy . 

THEO:mTICAL CONSIDERJITIOlm 

Pressure Distributions 

A knmoTledge of the pr essure d ist:rHution over an airfoil is 
des i r able for stl~uctural design and for estimation of the critical 
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Mach number and moment coefficient if tests 8~e not available. The 
pressure distribution also exer ts a strone or predominaJlt influence 
on the boundar y· layer flm! and, hence, on the a::'rfoi1 characteristics . 
It is therefore uS1..18,11y advisable to relate the airfoil charac
teristics to the pressure distribution rather t han directly to the 
airfoil geometr y . 

Methods of de:'ivatj.on of thiclmess distriov.tions . - As mentioned 
:Ln t he s ection ItHist.or1cal Development, It the basic symmet rical 
thj.ckness distribut:J.o~1S of the NAC/', 6·· a.11d 7-, eries a irfoils , together 
'vi th their correspono.i ng 'l;ressure dj.stributions, Ol'e derived. by means 
of conformal t rfuiSform.&.tions . The tnmsforma,tl.ons used to relate 
the ·kn01m flm{ abou-(; a circle to that about an a.il~foil sectlon were 
developed b y Theodorsen in reference 9 . Fievre3 s hows s chematically 
the significance of the var:!.ous J.thases of t he pr ocess . 

The circle about lvhich the flow is origiIlall · calcula t ed has 
w' 

its c enter at the origin EU1d a radj.u8 of ae ;' o The equation of 
this circle in complex coordina tes is 

z - ae 

wher e 

tlJ +itY. .0 'f 

z complex variable in CIrcle ~lane 

¢ 2ngular coordinate of z 

a bas ic lengt~ UGu8,11y considerod unity 

\j! 0 constant determining rad1us of ciY'cle 

Th1s true c ircle is transformed "into an arbitrary) v.lmost circular 
curve by the r e l ation 

z ! := e 
z 

(\jJ .. L~ ) ~.i (n .. ¢) 

the eCluati.on of t.he almost circ1)~ar curve J.8 
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where 

Zl complex variable in near-c ircle plane 

aeW radial coordinate of Zf 

e aP~Qlar coordinate of Zl 

In orde r for t.he t ransforlJ1..ati on (8) to be conformal~ it is necessary 
that the quanti ty ( e - ¢) (gi ven the symbol - €) be the C onj uga te 
func tion of (W - Wo); that is] if e: is represented by a Fourier 
series of the f orm 

i n n¢ 

then (\jJ -- Vo) is given by the relation 

co co 

(1 - Wo ) :=L An cos n¢ + L_ Bn S j.n n¢ 
1 1 

This relationship, indicate s that, if the function £(¢) is given] 
(\jJ .. W 0) can be calculated as a fu..n.c tion of ¢. Means of performing 
this calculation are pr esented in reference 13. The transformation 
relating t he almost circular curve to the a:rfoil shape j.s 

f- := Z t + a2 
!, zr (10 ) 

where b i s the cOD~lex variable in the airfoil plane. The 
coordinates of the airfoil x and ~T are the real and imaginary 
l'arts of b} r espectively . These coordi nates are given by the 
relations 

x := 2a cosh \jJ cos e 

y := 2 a sinh V sin G 

(11) 

(12) 

The velocity distribution i n terms of the airfoil parameters 
W 'and £ is 81 ven exactly for perfect flu:!.d fl0"1 by the expression 
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where 

v local velocity over surface of airfoil 

V free-stream velocity 

Clo section angle of attack 

\(to average value of IjJ J (t.t\0 
fTE value of E: at t r ailing edge 

The basic s ymmetrical shapes were der ived. by assuming suitable 
values of dE: /d¢ as a function of ¢. These values "ere chosen on 
the bas i s of 1)revio118 experience fu"1.d are subject to t he condit'on s 
that 

rrr 
cl.E: := 0 

J. a(J. 
o 

and d(/d¢ at ¢ is equal to 
necessary f or obte.ining closed 

d.f/d¢ a-:' -¢. These conditions are 
sY1llmetrjca1 3hapes . Values of E:(¢) 

'M , were obtained sir.lpl;y b:,r intel3rati·!l..3 d¢ a.¢: Values of <V(¢) "Tere 

fovnd by obtaining t he conjugate of the curve of €(d) and adding 
a value \(to suffiden t to mEl.lce · the value of \(t equ~l to zero 
at ¢:= rr • . Thi s condi tj.on assures a sharp . trailing -edge shape. 

Inasmuch as small. changes in t he veloc ity di 87r ibution at any 
dE: point of t he surface are approxImately proportional t o 1 + dif 

( eee refel'ence 14) , the i nHie.lly assumed values of d€/d¢ were 
altered by a process oi' successive approximations until the desired 
type of velocity d:l.str i bution '!las ob tained. JI..fte r the f i nal values 
of \(t and E: were obtai ned, t he ordinates of t.h e basic tilickness 
dis t ribution Here computed by equations (11) and (J.2). 

When these computations 'vlere made, j.t aIrpear ed t hat there was 
an optimum value of the leadj.ng- edg e r a dius dependent upon t he air
foil thickness and the position of minimum pr essure. If the lead1ng
edge r adius was too small, a pr cmaturo ~eak in the p~essure distri
bution oc curred in t he j.mmed j.at e v i c inity of the l eading edge a s the 
ang1e of a ttack vlaS incr eased . If the leading -edge radius ~yas too 
large, a pr emature peak occurred a f ew pe rcent of the chord behind 
the loading edge . With t he corr ect l eading- edge r f::.dit<B, the pressure 
dis t ribution becl?..me nea r ly flat over the forward por tion of t he air
foil before the normal lead ing- edge ~cak formed'at the h i&her lift 
coefficients . Curves of tho paramoters \If J E: J d'iJ/d¢ J dt./d¢ plotted 
against ¢ for the NP.CA 643-018 airfoil section are given in figure 4. 
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Exper ien ce has shmm the.t, Vlhcn the th~ckness ratio of an 
or igi nally d01'i vcd bas~,c form Wi.S l,ncreased merely by mul tlplying 
all t he ord j,nates b;y a constan'~ factOl~, f:ill unnecessarily large 
decrease in the cr:;.tical speed of the resulting Election occurred . 
Reduc ing the thickness r a t io in a similar manJ."1er ca'J.sed an 
unn ecessarily large decrease in tbe low- d.rag ren;;e . For this 
r eason, each of the earlier FAC]" 6-ser ies sectj,on3 was 1nd1 vi dually 
derived. . It ,.,as later f o'l;llC\. that it i,ra.s pO::3sible to derive basic 
air foil par arneter s \j.r and. <:: that could be mul.ti:plied 'by a 
consta11.t -ractor to obtain a::.rf oi13 of various thickness ratios, 
F::.thou't having the aforemen tio::led limitations in the res1..,l ting 
sections . Each of the more r ecen t families of NACA 6-series air
foils , ~n vThieh numerical subscripts are used in the designation, 
hav~.ng min i:nUID ~pres8ure at a g1 ve::l chord,dee :posl tion was obtaj,ned 
by scaling u:9 and dmm the basic values of the airfoil pcrtuneters \j.r 
and <::. . 

Theor etical prescure distributions ( indic:1ted by ( ~)) for 

a f arnEy of 17ACA 65-series airfoils covering a range of thick.ness 
rat ios are 151 ven L11. fi t'1J2'''' 5( a). 'l'h.is figure shows the typical 
increase in the magnitude of the favorable :pressure 6radi8Clt,increase 
in max:LrlUID veJ.ocity over the sUl~face) and. increase in the relative 
J1ressure recoveT" over the :. ear portion of the airfo:il ,.,:2. t~l increase 
in t h icknoGS r a. t.io . Figure 5 (b) shows the l)reasure d5.s tri'bution for 
a seri08 of bes':'c thickneE,ls forJYIJ:: h&V:)11-13 e. thicl.:...'1cSS rat.:..o of 0.15 
encl havinG m.i.nL1um ~ressure at varioU8 chorc1.wise posi t':'ons. The 
value of the Ni. j,mum pre3Eurc coefficj,en":, 18 seen to decrease and 
the masni tude of the pre8G1.U' O rf.,cover;r over the ru2:C portion of the 
air foil to inC:C08.Se iVith rearward. movement of :;h0 point of miniu.u..':l 
.:. reSS1J~'e . 

The pr csEmre distri-bt~tion for one of the hasic symmetricaJ, 
thickness d istributions at var ious lift coeffi",ients is shown in 
figure 6 . . At zer o lift the pr eSSITe distribution8 over the uppe' 
and 10vE,r surfa es ar e tho same . As -;;ho lift coef ficient is 
incremJed) tho 810pe of the prossure distribut1.on over the for.~ard 
portion of t~e upper surfacQ decreases until .i. t 'Decolles flat at a 
15ft coefficient of 0 .22 (tho end of the lm,T-drag ra..11.ge). p,s the 
lift coe:ff~cl6n~ is incroLsed beyond thic valut) j the usual peak in 
tho pressure di 2.tribution form.s at thE:; loading edBC' . 

~api.9-~9t.i1:'lation of pr essure distributions . - In the discussion 
that foE.m.,8 , . the ter '!ll " .pressure dj.stribution" is used to signify t he 
d istr ibution of the s't;atic pr essures en the upper and lO'llfer surfaces 
of the air-foiJ alone the chord . The term II load dj,strib'J.t i onll is 
u sec1. to sJgnify the distribu-L.:ior. a long the chord. of tho normal force 
r esulting from the o.iff crenco in ::;1'o08uro on th0 u2p~r and lm{er 
s urfaces , 
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The pr essure distr:'bution about any airfoil :i.n potent2.al flow 
may be calculated accurately by 8 generaHzatlon of the methcds of the 
pr evious section . Although this method is not unduly laborious, the 
computations reCluired ar e too long to perIni t Cluick and. easy 
calculations for large n~bers of airfoils . The need for a simple 
method of Quickly obtai.nil'1..g preesure distributiolll3 vi th engineering 
acc1.1racy has led to the cleveloprr:ent of a me4~hod (refere::1ce 15) 
cOL'ibining features of thin- and thiclc- airfoD. theory . This simple 
method mruces use of previously calculated characteris tics of a 
lim::i.ted n1.":ID.ber of mean l ines and thickness distributions the.t may be 
combined to form large numbers of a i rfoils . 

Thin- airfoil theory (references 16 t e 18) shows that the load 
distribution of a thin airfoil may be considered to consist of : 
(1) a basic c.istribl'-tion at the ideaJ_ angle of attack and (2) an 
additional dtstribution pr opor tional to the angle of attack as measured 
f r om t he ideal angle of att ack . 

T'n8 first load distrjbution is a function only of the shape of 
the thin airfoil, o:c (if the thin airfoil is considered to be a 
mean line) of the mean- line geometry . Integration of th::_s load 
distribut ion along the chor d r esult's in a nOY"_na J_-force coefficient 
,Thich, at small angles of attack, is 8ubsta..'l.tlally equal to a lift 
coefficient cr l' .Thich is clesign.:lted the ia.ea l or d.esign lift 

coe ·'ficient . I f , mor eover, t he camber of the mean 11ne is cl1anged 
by multiplying the mean-line ordinates by a constant factor, the 
r esulting load distribution , the ideal or design ungle of attack 
G~l anct the design lift coeffio::ient cr . may be obtainecl simply 

l 

by multiplying the or iginal values by the same factor. The charac 
ter istics of E, large number of mean lines are presenljed in both 
e;rar-hical and tabular form in the supplementary figures . The load
d.istribution date- are pr esented both 1n the form of the resultant 
pressure coefficient PR and in t he form of the cor:'es?onding 
veloci ty<ncl'ement ra.tios .6v Iv. For posi -:::'1 ve design ' lift coefficients} 
these velocity- increment r atios are positive on the upper surface and 
negative on thc lower smface j the opposite is true for negatiye 
desi&D lift coefficients . 

The second 108.0_ (listribution) which re sults f r om changing the 
angl.e of attack, 18 desic;nated he~ein the "additional load distribution!! 
and the corre8~onding liit coe~ficie~t is designat ed the "additional 
lift coefficient . " This B.deli tional load distribution contributes no 
moment· about the Cluarter- chor d point and, according to thin-airfoil 
theory, is ind.epend.ent of the airfoil geometry except for angle of 
atta.ck . The additional load distri bution obtained from thin- airfoil 
theory i s of limited pr actical application, how'ever, because this 
simrle theor ' leads to infinite v3.1ues of the velocity at the 
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leading edge. TIlis difficulty is obviated by the exact thick
airfoil theory (reference 9) ;'Thich also shows that the additional 
load distribution is neither completely independent of the airfoil 
shape nor eY..B,ctly a l i neer function of the'lift coeffic ient. For 
this reason, the aQditional. load distribution has been calcluated 
by the methods of reference 9 for each of the thickness distributions 
presented in the supplementary flgures. These data are Ilre sented in 
the form of veloc i ty-increment ratios 6va/v correspon~ing to an 
addi tional lift coefficient of approximately unity. Fer posi ti ve 
additional lift coefficien~s, these velocity-increment r a t ios axe 
Ilosi ti ve on the upper surfaces ana. negative on the Imver surfaces j 
the opposite is true for negative aC.di tlonal lift coefficients. 

In addition to the Ilressure di s tributions associated with these 
two load distributions, another pressure distribution exists which 
is associated ,'Ti th the basic symmetrical thickness foro. or thickness 
distribution of the airfoil. This pressure distri bution has been 
calculated by the methods described in the previous section for the 
condition of zero lift and is pr esented in the supplementary figures 

( · 2 
as \~) , which is equivalent a t low Mach numbers to ~118 pressure 
coefficient S: and us the local velocity ratio viV o This local 
velocity r a tio is always posi tive anQ is the same for corresponding 
points on the upper and lm"er s1.1Tfaces of the thickness form. 

The veloci ty dis tribution about the airfoil is thus considered 
to be 'composed of three sepa.ra te e.nd. ind.epondcnt components as 
follows: 

(1) The distribution corresponding to the velocity distribution 
over the basic thickness form a t zero angle of attack 

(2) The distribution corresponding to the design load distribution 
of the mea..'"l line 

(3) The di s tri'bution corresponding to the additional load 
distribution associated 101i th angl e of attack 

Tho vel oei ty,-inerement r atios 6v IV fmd 6valV corresponiing 
to components (2) and ( 3) are added to the velocity ratio corre
sponding to component (1) to obtain the total velocity at one point, 
from which the pressure coefficient S i8 obtained.; thus, 
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When this formula is used, values of t~e ratios corresponding to one 
value of x are ad.ded together and the resl)~ ting value of the 
pressure coefficient S is assigned to the airfoil Glu~face at the 
same value of x . 

The values of v/V and of ~v/V in equation (14) should, 
of course, correspond to the airfoil geometry . ' Methods of obta.in::'ng 
the proper values of these rattos from the values tabulated i n the 
supplementary fj,gures are presented in the previous section 
"Desoripthm of AlrfoilA . II 

. When the r atio 6va/V has tl1e valUe of zero, the resulting 
distribution of the pressure coefficient S will correspond 
approximately to the preseure distribution of the airfoil section 
a.t the design lift coefficient cl

l 
of the mean line , and the lift 

'coefficient may be assigned this value as a. first aJlproximation . 
If the pressure-distribution cl:Lagr81n is integratecl, hO·vTever, the 
va;lue of c7, .,ill be fmmd. to be greater than cl . by an amount 

l 

dependent on the thiclmess 1'e:t.io of the basic thickness form. 

ThE? pressure distribution '\01111 usually be desired. at some 
s pecified lift coefficient not corresponding to cl .. For this 

1. 

purpose the ' r atio 6va/V, DlUSt be ass igned some value otto.ined. by 
multiplying the tabulated value of this ratio by a factor f(~) . 
For a first approximat10n this factor Dlay be assignec't the value 

(15) 

;where c7, is thl9 lift coefficient for , '\oThich the pressure distribution 
is desired. If greater accuracy is desireG., the value of f(~) may 
be adjusted by trial and error to produce the actual desired lift 
coefficient as determined by i ntegr ation of the pressur'e-distribution 
diagram . 

Although this method of superposition of velocHie8 has 
inadequate theol"etical justification, experience has shown that the 
results obtained 'are ad.equate for engineering use . In fact, the 
results of ev(;m the first approxi mations agree '.Tell y.rith experi mental 
data and are adequate for a t least prelim~&ry consideration and 
selection of airfoils . A ,comparj.son of a first-approximation 
t heore:tical . pressure distribu t,'ion vith an exp~rimenta.l distr:i.bution 
is shown in ' figv.re 7 . Some ' discrepancy naturally occurs oetiveen 
the results of experiment and. of any theoretical method based. on 
potential flo.l because of' the presence of the l)oundLU'Y layer. These 
effects are smsll, however, over the range of lift coefficiente for 
vThich the boundary layer is thin and the drag coefficient i s 10'\oT. 
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~umerical example~.- The folloh~ng numberical examples are 
included to illustrate th~ method of obtaining the first
appr oximation pressure distributions: 

Example 1: Find the pres~l.U'e coefficient S at the station 
x = 0 . 50 on the upper and lOvTer surfaces of the NACA 653-41~ ~i~
foil at a lift coefficient of 0.2 . 

From the description of the NACA 6-series airfoils, it is 
determined that this airfoil is obtained by combining the 
NACA. 653-018 basic thickness form with the a = 1.0 type mean 
line cambered to a a'esign lift coe'ffiCient of 0.4. The following 
data are obtained frdm the ' supplementary ,figures for this thickness 
form and mean line at ' y.. = 0.50:' 

,y = 1.235 
V 

~va = 0.157 
V 

6.v = 0.250 
V 

The desired value of tWa/V i s computed as fol1ovTs by use of 
equation (15): 

6.va -- = (0.157)(0.2 - O.h) 
V 

= -0.031 

The desired value of 6.v/V is obtained by multiplying the 
tabulated value by the design l~ft coefficient as stated in the 
descriDtion of the NACA 6-series airfoils~ Thus, 

6v = (0. 256 ) (0 .4) . 
V -

= 0.100 

Substi tuting tb.ese values in equation (14) gi.ves the following 
values of S: 

For the upper surface 

S = (1.235 + 0.100' - ' 0.031)2 

= 1.700 , .' 
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For t he lower surface 

S :: (1.·235 ·- 0 ·.100 + 0.031)2 

= 1. 360 

Example 2:' Find the pressure coefficie9t S at the station 

x = 0.25 on , the upper and l01{e+' surfaces of the NACA 65(215)-214, 

a ·= 0.5 airfo~l ' at a lift ' coefficient of 0.6. 
" ···.t.· .. 

The airfoil des ignation shows that this airfoil was obtained 

by combining a thickness form obtained by multiplying the ordinates 

of the NACA 652-015 f orm by the factor 14/15 ",1th the a = 0.5 

type mean line cambered to a des ign l ift coeffi cient of 0.2. 

The supplementary figures give a value of 1.182 for v /V 

at x::;: 0 .25 for t he NACA .652-015 basic thickness form. The 

desired value of v/V is obtained by applying formula (5) as 

folloW's: 

(1.182 v 
V --

::;: 1.170 

1 )1!±.. + ] -- 15 . 

From the supplement8-~ figures the following values of ~va/V 

are obtained at x = 0.25 for the follOiving basic thickness 

forms : 

I 

Th.iclrnsEis form ' / 

NACA 652- 015 
NACA 651-012 

~Va 
vat 

x ::;: 0 .25 

0.290 
.282 

:By ihte~potat-ion ' the value of ~va/V of 0 .2&( may be assigned 

to the 14-percent-thick form . The des ired value of ~va/V is then 

computed as f0110.m by use of equation (15): 

~va --v- = (0 .287){0,6 - 0 .2) 

= 0.115 
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Data presented. in the supplementary f igures for tl:e a = 0 .5 type. 
mean lines give the value of 0 . 333 for 6v/V at x ::;: 0 . 25. As 
stated in the description of t he NACA 6-series airfoils, the Qesired 
value of 6v/V is obtained by multiplying the tabulated value by 
t he design lift coefficient . Thus, 

6v ::;: (0 . 333 )(0.2) 
V 

::;: 0 . 067 

Substituting the foregoing values in eCluation (14) gives the values 
of S as follows : 

For the upper s~Tface 

S (1 .170 + 0 .067 + 0.115)2 

::;: 1.828 

For the lower surface 

8 (1. 170 - 0 .067 - 0.115)2 

Exemp1e 3: Fincc the .pressure coefficient - S at the station 
x = 0.30 on t.le upper and lo-:{er su~ .. faces of the NACA 2412 8.lrfo:i.l 
at a lift coefi'icien-c of 0 . 5 . 

'l'he de s criytion of c:.irfo5_ls of the ~JACA four-d : gi t series 
shows tha t the ne ces sary da.ta may be found from the NACA 0012 
thlckness form and 64 m.ean line in the supplomentar;y figures . From 
these figures the fol1m·ring data are obtained: 

At :x: = 0 . 30 

At x = 0 . 30 

6Ya v' : 0 . 239 

For the NACA 64 lliean line a.t x: 0 . 30 

6v 
V ::;: 0 . 260 
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For the NACA 64 mean line 

c "L" = 0 .76 
l 

The va l ues of 6v IV and cI
i 

corresponding to t he ail~foj"l geometry 

are obtained by multiplying the foregoing va1ues by the f actor 2/6 
as eXl)lai ned i n the des cription of these airfoils ; t hus , 

6v 
V 

, /2) 
(0 .260)\t 

= 0 .087 

c I " (0 . 76~ ~) 
l 

- 0 .2,53 

The desired va lue of 6.va/v is obtained from equation (15) 
as follov78 : 

6v 
---~ = (0 .239 )(0 .5 - 0 .253) 

V 

;: 0 .059 

Substituting the proper ~alues in e~uation (14) gives the 
values of S as f ollmvs : 

For the upper surface 

S (1.162 + 0 .087 -+ 0 .059)2 

= 1. 712 

For the lower s urface 

S (1 .162 - 0 .087 ~ 0 .059)2 

1.032 

Effect of c8..'1lber on pressu:ce dis tribution . - At zero lift the 
pressure distributi"ons o,rer t.le lJ.pper a..-n.d lower 81JIf8.cef.:l of a basic 
symmetr ical th~;_ c1G.le s dj.e tr ibution are, of CO'JISe , ide::'lt:i.cal. The 
e:fect of ~a1i1ber on the preS81JIe d.istritution at t~le desi.:p1 lift 
coeff ic::'e __ t ls to separg,te the pr eS81JJ'eG on the upper and. lm,rer 
8Ul~face8 by fu"1 amount corresponding aPlJroximately to the design 
l oacl distrilmUon of the: mean line '. itf.."1en the local value of the 
design load d istr:ibut.ion is positive, the pre3sUl~e coefficient S 
on t!le upper surface i8 increased (de creased absolute pr essure ) 
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v.rhereas -tha-t on the lower 31.U~fece is C\ecreFtsed . T!11s effect 1s 
shown in f igure 8(a) for variOl":'s amount a of camoer. 

The maximum value of the })ressure coe~ficient on the 1..YIrper 
surface at the design lift coefficient increases with the desj.gn 
l ift coefficient and fo:;.' a given d.esi8n. lift coefflcient increases 
wi th decreaslng values of a . The :r.es;.llt is to cause the critical 
Mach number at the deeign lift coeffi cient to decrease with 
increas i ng c8.1i1.ber or with the use of t ypes of mean line concentrating 
the load near the leading edge . . Figure 8 (b) 8hm;s that the location 
of minimum :;:r essm:'e on botl1 snrfaces is not affected if a type of 
me8..L"'1 line is used havtng a value of a at least as large 8S the 
value of x/c at the :posi tj.on of mini:nv.Dl pressure on the basic 
thiclme s s distri"bution . If a meEil1 Hna "I-r:l th a smaller value of a 
i s used ) the possible extent of l ammar flo',J elong the up:!.)er surface 
will be reduced . 

Cri tical .1ach Number 

The critical speed. j.B defined as the free - stream speed. at 
whicl1 the veloci t ;y &.t emy :point along tr.e surface of the airfoil 
reaches the local veloc1ty of smmd . If the ma.'Cinrum value of the 
low- speed pressure coeffic5.ent 2 is lmo;m eit her experimentally 
or from theoretical methods. the critical Mach nvmber may be 
p:cedicted approximetely by the von K.8n,l(3n method (reference 19) . 
A curve relat ing the critical Mach nu..ruber end. the Im·l- s:geed pr ecsUl'e 
coeffic i ent S has been calculated from the equations of r eference 19 
and_ included in the sU:P:91er'lenta:c~,r figures . These predicted. c1'1 tical 

• Mach nuniber s are useful f or prel":'minar:' cons:"derations in the ebsence 
of test c,ata and ap:pea.r to corres :9ond fairly i-Tel2.. to the Mach 11.1.mibers 
at which t~e l ocal velocity of Gound is reaciled. in the high-cri tical
s:peed range of lift coeff2.c i ent . This criterion does not, however, 
appecu' to predi c t accurately the Nach numbers at -vr!1i c!.1 la:i:'ge chunges 
in air foil characteristj.cs oc cur) es:pecially when shar:p pressuro 
pealcs exist at the l ead.lng edge . A discussion of the characteristics 
of airfoil secti ons at super - cr itical I'lach numbers is beyond the 
scope of this report . 

For conveniense, curves of pr edicted. critical Mad number 
plotted against the l ow-s:peed section ·1ift coeffic:ient have been 
included in .the supplementary· figures for a number of airfoils . 
These f igures are somevrhat similar to th02e of Reaslet (reference 20) 
but are plotted against tho lovy- speed lHt cOElffic:lent rather than 
against the high sPGed lift coefflclent, as :i.n r eference 20 . Righ
speed lift coefficients corresponding t o those of HGasl e t may b o 
ob~ained by multiplying tho lOYT- s :poed lift coefficient b;r the 
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1 
The critical Mavh num~ers have been predicted factor / - . 

V 1 _ M2 
from theoretical pressure distributions . For airfoils of the 
NACA four - and five-digit series illld f or the NAC!. 7 -· serie8 air
foils J the theoretical pressure distributions ,·rere obtained by 
Theodorsen~s method . For the other airfoils the theoretical 
pressure distrlbutions ,{ere obtained b:r the approximate method 
described in the pr eceding section . 

The data i n the supflementary figures show that for anyone 
type of airfoil, the ma:x.imum crl tical Mach number decreases 
rapidly as the thickness is increased . The effect of camber is to 
lower the maximum crltical Mach number and to s!1ift the range of 
high cri tical !vla.ch numbers in the SmIle me.nner as for the low o.rag 
range . Foc.' common types of camber the rr.:l.ni mum reduction in 
cri tical speed for a given design lift coeff .i..cient is obtained ... ,i th 
a lU1iform load type of mecm line . A comparison of the data 
presented in the supplementary iigUl~es shm ... s that NACA 6-series 
sections have considerably hieher maximum critical Mach numbers 
than NACA 21~ _ , 44 ..." and 230-series air foils of corresponding 
thickness r atios. 

Moment Coeffici.ents 

Methods of calculation . - Theoretical moment coefficients may 
be approximated ·directly f r om the values presented in the 
supplementary figures for the V8rious mean. lines . These values 
were obtained f r om thin-airfoil theory end may be scaled up or 
dOv-TJ1 linearly '-lith the design l ift coefficient or '.tli th t.h.e meen
line ordinates . These theoreticc:.l values are sufficiently accurate 
for preliminary considerations , but experimental values should be 
u sed for stability and control calc1JJ.ations. 

~umerical.eJS.8m:e.~§1_ .- The follm·ring mlll1erical examples illustrate 
the methods of calculating t.h.e moment coefficients : 

Example 1 : Find. the theor etical moment coefficient about the 
quarter-chord point for the NACA 652-215, a = 0 . 5 airfoil . 

The designa.tion of the airfoil sIlm·rs that the design lift 
coefficient of this air£oil is 0 .2 . From the data on the 
NACA a ' :;: 0 . 5 type mean Ij}le included in the supplementary figures, 
the value of cm II is -0 . 139 for a design lift coefficient c !j-

of 1.0 . The dcsireo. value of the moment coefficient is accordlngly 

Cmc /4 = ( -0 . 139) (0 .2) 
-- -0 .028 
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EXaI:lple 2 : Find the theore-sic [;1.1 1:10ment coefficlent about the 
qua.:-cter- chord point for the NACA L~415 airfoil . 

Fr o;:J the descrilrt:!.on of the r::ACP. f01.11'-o..i;::i t series airfoils, 
the requir ed data is found. to be 1'1~esented for the rJ.AGA 61~ meen 
line in tho supplementary figlITes . The moment coefficient for 
this mean i.i.ne is -0 . 157 . The r equj.red value is then 

I~ 
== (-0 . 157)',,-

Q 

-0 . 105 

&"'1£1e of Zero Lii't 

Methods of cg,lculatior.. . - Values of the ided or design angle 
of attack ~ correGPondh~g to the design l.i.ft coefficient c~ 1 

are included. Bmong the date. for the various mean lines presented 
in the supplemcntCJry fiGures . '1']::e appr oximate values of the angle 
of zero lift tilE,,:! be o"btalned fron:. the data bJ using the theoretical 
value of the lift- clll've 8:.ope f x' thin airfoils , 2rc per radian. 
'1'he "lJalue of ex,., in deg::'ee8 i~J then - ~o 

57 . 3 = C:' - - --c, 
'1. 2rc (, i (16) 

The- tp.buJ_B.ted values of ~ may be scaled. linearly vi th the 
design lift coefl'i~ient or ',11th the mean-Une ordinates . 

Al though ther:::e tbeoretical c"nsies of zero lift may be useful 
in prelim::'nar;v- clesi:3rc, they 8hould not be u"1cd. Hi thOl.1t experimental 
verifi cation for such _ ur:pOGOS as est~bli8h::'nt; ~he washout of a ",ing . 

.ITl,lIllG:dce.l e~:_?J!r...@~f . - Th.e met.h.od of' computing 
j.n the folla, in;:; e::·"!l;2.eFJ : ~o 1s illustrated 

Exemple 1 : 
NPCA 652-515) a 

Find. -the theoretic&l an~;le ot· zero lift of the 
0 .5 air foil . 

This airfoil number lndic-3.tes a des:i.fJl li:f:'t coefficient of 0 .5 . 
Data fQr the NAGJ! a = 0 .5 mf.3an line tndicutb that \i'-: = 3.040 .Then 

.L 

cl
i 

= 1 .0 . The desir ed value of 01 is then 

c-... .- (3 .-oJ.j.)(O . 5) 
..l. 
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Substitut:Lng in e Cluation (16) gives 

(57 . 3 ) (0 .5) 
~ ';: 1. 5 2 - .. _- - 211---

o 
o ::: -· 3 . 0 

Example 2 : Find the theoretical angl e of zer o l ift for the 
NACA 21~15 ai!'i'oil . 

The description of t he 
the_t the r equir ed values of 

r.:ACA four·-digi t - series airfoils 8h Q1.'TS 
C'-:l. ,mo. c7. . "Xlay be obtained -by 

1 
m"l)~ t iplying t~1e corres:pono.::'ng values .c·or the lITAC]: 64 mean line 
( see supplementary figs . ) by a factor 2/6 j then 

/2\ 

<4. ::: (0 . 7~')U~) 
o ,..., ,,,0 

. c....J 

(2) 
cl · - (0 . 76)\6 

1 

::: 0 . 253 

G1ld f r om equa ti on (16 ) 

0 . 25 .-
211' 

;: _2 .00 

Description of F10i{ around Airfoil s 

rerfect-fluid theory postulates that the f:::"ow follo,! the airfoil 
contour smoothly at a l l angles of attack "nth no loss of energy . 
Consequently, pe ~feG"L - fJ.u:lcl theory i tsalf gi- es no information 
concerning the pJ."of :lle 0.1" :::"<3 or the rna~;:imuJl1 11ft of ai:cfo:i.l sections . 
Tile expla.nat~Lon of these .l)henomena is fO·L1..nd from a conej.deration 
of the effec ts of viseoei ty , vhlch 8.re of pr i mar-;Yimportance in a 
thin r egion near the surface of t he a:l.rfo .n called. t he boundary 
layer . . 

Bovndary ' layer s :in gone::."al are of tlW types , namely J ],aminar 
and t U.l"b1,llent . The f.lol-T in the laminar layer is smooth and f r ee 
f r om any eddy:!.ng motion . 'rhe flo"T i.n ·the tur bulent layer is charac
ter ized by the p r esence of a large number of r elatively small eddies . 
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Because the eddies in the turbulent layer produce a tran.sfer of . 
momentum from th& relatively fast-moving puter parts of the boundary 
layer tp the portio:Q.s , c'lofJer to ' the surf'ace " , the distribution of 
av'erage velocity is chaxacterized by relatively higher velocities 
near' the surface and a greater total bbuhdary~layer ,thickness in 
a turbulent boundary layer than in a laminar boundary "layer 
developed under 'otherwise identical conditions. Skin friction is 
therefore higher for turbulent boundary-layer flow thal1. for 
laminar flow. ' 

vllien the pressures ' along the airfoil, surface axe , increasing 
in the direction of flow, a ' general ,deceleration takes place. At 
the outer li~its of the boundary layer this deceleration takes 
place in accordance with ,Bernoulli's law. Closer to the surface, 
no such simple ' law can be given because of the action of the viscous 
forces within the boundary layer . . 'in general, however, the relative 
loss of speed is some.,hat g!"ea.ter 'for particles of fluid wi thin the 
boundary layer than for those at the outer limits of the layer 
because the reduced kinetic energy of the poundary-layer air limits 
its ability to flow ag~inst the 'adverse pressure gradient. If the 
rise in 'pressure i s ,sufnciently' great, portions of the fluid 
within the boundary layer may actually have their direction of motion 
reversed and may start moving upstream, When this reverse occurs, 
the flow in ' the 1.Joundary layer is , said to be "separated." Because 
of the increased inte:::-change of momentum from different parts of 
the l ayer, tUrbulent boundary layers are much more resistant to 
separation than are laminex layers. Lamina:':" boundary layers can 
only exist for a r elatively' short distance in a region jn which the 
pressure inpri:-Cl.ses in the 'direction 'of f1m". , Formulas for calculating 
ma~ny of the bo~dary-layer characteristics are given in references 21 
'Co 23. " 

After Imninar :soparation ' oocurs, the flo., may ei thor leave the 
surface permanently or rea.ttach itself in the 'form of a turbulent 
boundary layer. Not ,much is known concerning the factors controlling 
this phenomenon. Laminar separation on wings is usually not 
permanent at flight values of the Reynolds numbe.r excE:pt .Then lt 
occurs near the l eading edge under conditions corresponding to 
maximum lift. T~G size of the locally separatGd region that is 
formed when the laminar boundary layer separat os and the flow returns 
to the surface decreases , with increasin3 Reynolds number at a given 
angle of a t tack . 

The i'lo~" 'over ', a,erodYnamically smooth airfoils at low and 
moderate lift ' coeff :Lc Jents is characterized by laminar boundary 
layers from th~ leading edge back to approximately the location of 
the first miIllmum-pr:essure point on both upper and lower surfaces. 
If the region of' laminar flm., is extensive, separation occurs 
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immediately downstream from the location of minimum pressure 
(reference 21) and the flo., returns to the surface almost immedi
a tely at flight Reynolds numbers as a turbulent boundary layer. 
Thi s turbulent boundary layer . extends to the traJ:L;i.ng edge. " If 
the ' surfaces ' are riot suffiCiently smooth and fair, if the air 
stream is turbulent or perhaps i f the Reynolds nUmber is sufficiently . . , " . 
large, transition from laminar to turbulent flow may occur anywhere 
upstream of the calculat'ed laminar s~paration point . . ." . ' . 

. , , ' . 
For 1m-./' and mod.er ate lift coef f ic ients 'There :lnappr eciable 

separation occurs, the airfoil . profiie drag is largely caused by 
skin friction and the -value of the drag coefficient depends main1,.y 
on the r el a t ive amount s of laminar ano. turbulent flow ~ If the 
location of transition i s ~own or assume.d, the drag coefficien t may 
be calculated with ' r e4sonable ' accuracy fl'om.boundary-layer theory 
by use 'of ' the methocls.-of' refe'~ences '21-1- to 26 •. 

. As the lift coefficient of the airfoil is incr eased b~ 
' changing the angle of atta.ck~ ' the res1llting' application of the 
addi tional tyPe" oJ l ift d.istributi'on moves th~ minimum··pressure 
point upstre81T! on the 'upper surface~ and the possible extent .of 
lamin'ar ,flow is thus ·l'educed . The r esulting .grea'ter proportion of 
tur bulent flow, together wit4 .t he larger avera3e velocity of flow 
over the sUrfaces , causes' the drag tb. increase 'Ti th lift coefficient. 

In the: case of many 'of ' the older types of airfoils, this 
forward. m6vement of transition is gr adual and the resulting 
variation of" drag ,\-lith lift coefficient occurs smoothly. The 
pre~sure distr ibutions for NACA '6-series airfoils are such as to 
cause transition to niove fOT'l-Tard suddenly at tr..e end of the low-
drag range of l "ift coer'ficients. A sharp increas.e in dr ag coefficient 
to ' the value corresponding to a forward location of transition on 
t he upper surface results . ' Such sudden shifts i n transition give 
the -typical drag curve for these airfoils with a 11 sag" or "bucket" 
in the low-drag range. The same characteristic is ShO.ffi to a 
s~ler degree by some qf the earlier airfoils such as the NACA 23015 
vlhen tested 1n a 10w-tUl'bulence str eam . 

. At· high iift co'efficients', a large part of. the drag is 
contri buted 'by pr essure or form drag r e.sul ting from separation of 
the ':flOi'T from the surface. ' The flOi" over the upper surface is 
character ized' by a negative pressure peak nenr the leading edge } 
which causes laminar separat10n . The onset of turbulence causes 
the floll t o return to the ' surface as a turbuJen t b01.Jndar y layer. 
High Reynolds rtl1mbers are favorable to the development of turbulence 
and a1d in this process . If the lift coeffic i ent is suffiCiently 
high or if thE'; r cestab,lis!lID.ent of' flow following I nminar separation 
is unduly delayed by low Reynolds nUmbers) the turbulent layer will 
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sepa:r ,t e f r om the s urface ne8.:':' the trailing edge and will cause 
l~~ge drag inc:;,~eaces . The eventual less in lift I·d th increas i ng 
angl e of attac~c rna,/ :;"esu.l t ei"cher f r om relati vel~ sudden :permanent 
sepa:rati.on of the lrun:I.nar bounda:r~r le,yer near the leadj.Y''';) edGe or 
from progr essive forwexd w~vement of turbulent s8yaration. Under 
t~1e latter condi -cioll. the flow over a relatively large portion of 
the sur .tace ma~T be s~parated, prior to maximum lift . A ~10re extended 
discussion of the flmT condi tj,ons aS80c::"ated ,'ri th m,'j,:i:im1.lIIl lift 
is given i n reference 5 . 

EX:FERTI01TAL CEARI.CTERISTICS 

Sour ces of Data 

The primary source of the \-lind- tunnel data :preGented is from 
tests in the Langley t'Ho-d5mensiontll low- turbulence pressure 
tunnel ('I'DI') . '1'he methods used to obtain and correct the data are 
sU1llm8.:::-ized in the append,ix . Design data obtained from tests of 
2 - foot. - chord mode~8 tn this tunnel are presented in the supplementary 
f igures . 

Some "Tind- ttLl111el data presented were obtained in other RACA 
wind tunnels . In each case, the source of the data is indicated 
and the testing tecbr-iq'..les eno. correct:;'on3 used vTere conventionaJ. 
unless o'lherwj.ue indicated . 

Most of the fl ight data consist of drag measurcI:':mts made by 
the vrake - survey method on either the a:!.rplane wlng 0r a "gl ove" 
fitt8d over the viini:;) as the test specimen. 1:lhenever the measure
mer:,ts Wel'e obtained for a glove , this fect is indicated in th6 
prc:;.:;r-mtaUOl: of the elata . All data obtained at high speeds have 
boen red,ueod to coefflcient form by comprossiCle-flow methods. In 
the ca.sE:; of Fl.;.1 s uch F!\CA flight data, precauti ons havo 'been taken 
to ensure 1,.!:mt t?le :cesults pres0nted are not invalidated by cross 
flovls of lm'T- enorgy air into or out of the survey ::;>lane. 

Drag Char[.cteristics of Smooth Airfoils 

P!.C£ che.rac~eri8t],cs in lov;- d:~ag ra..'1gc:; . - Tho yaluo of the drag 
coefficient in the low- drag ranbc for smooth airfo:.ls is ma':'nly, 
a flU ctlon of the Rcyno11s numb r 8.J."1i the relb.t ::. ve exten'::' 0:::' the 
laminar laycr and is moder&tely c::.ffactuQ by the airfoil 'chiclmv8s 
r atio emd camber . Tho 0ffect on minir1UIn drag of the position of 
minim1..Ull pressure which dot(;)rmirlGs the p03siblo extent of laminar 
f l o'fT is 8.ho",'11. in figure 9 for some NACA 6-sorios airfoils. Tho data 
sh ow a rOgLl.lar d8croase in dr£!g coefficitmt I,Ti th rl:JDr"h'BTd movement 
of minimum pressuro . 
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The variat~on of m:i.n mum drag coefficient with Reynolds 
number for sever al. airfo: 1s is shmm in figure 10. The drag 
coefficiEmt generally ciecreases with increasing Reynolds number 
1.1.p to Reynolds num1)ers of the order of 20 )( 100 . Above this 
Reynolds number the drag coefficient of the NACA 65 ( l.l21)-420 

airfoil remaj.ned substa..l1.-J:,ially constant up to a Reynolds number 
cf nearly 40 x 106 . The earlier :increacle in drag coeff1cient Shovffi 
by the NACA 66(2x15)-116 airfoil may be caused by surface 
i rregulari ties because the specimen tested .TaS a practical
construction model. It may be noted that the drag coefficient 
for the IJJlCA 653- lJ.18 airfoil at 1m, . eynolds numbers is suo 
stantiallJT higher than that of the NACA 0012, i-lher eas at h igh 
Reynolds number s the opposite is the case . The iligher drag of 
the NACA 653- 418 airfoil secti on at low ReJ~olds ntunber s is caused 
by a relatively extensive r egion of laminar separation downstream 
of the point of minimum pressure . This region decreases in size 
,·,i th increasing Re;ynolcls number . ~'hese d.ata. illustrE:.te the 
inadequacy of low Reynolds number test data either to es t imate 
the full-scale characteristics 01· to determine the ' relat i ve mer its 
of airfoil sectie .s at fl ight Reynold.s numbers (referen ces 27 
and 28) . 

The varj.ation of minimum drag coefficient ,1i th camber is 
sho,ffi in figure 11 for a nun~ber of smooth 18-percent-thick 
NACA 6-serie2 airfoils . These data shmv very little change in 
minimum drag coeffi cient vrith i ncrease in camber . A large amount 
of systemat::.c .da.ta j.B included in figure 12 to shoy! the variation 
of mir:.imum drag. coefflciE.nt v1:Lth thickness ratio for a number of 
NACA airfoil se tions. rane;:i,ng in thickness from 6 r "ent to 
2lJ. percent of ·the chord . rL'he minimum drag coei'ficiont is seen to 
ii.1Cr 8aSe l>1i th incrcl:so in thiclmess l"8,t ::.O for each airfoil series. 
Thj Fl increase , hm"~vor) is g.ceo ter for the NACA four- and 
fivb - digit,· pE-::::-ios al.!"foils (fig . 12(a )) than for the NP,CA 6 - 8 rios . 
airfo"18 (figs . 12(b) to 12(e)) . 

Tho data pr esented in the supplementary figures for the 
NACA 6 - 6er10s thickness form.s sho'·' tha.t the range of lift 
coefficients for low drag varies :markedly with a ' rfoil thickness . 
It has boen possible to deoj.gn airfoils of 12 -percent thickness 
with a total theoretical low- dratS rcmge of lift coefficients of 
0 . 2 . Th::'s theor etical range i " reases by approximately 0 . 2 for 
each 3- percent iner eape of airfoil thickness. Figure 13 shovs 
that the theoretical extent of the low-dra,..: range i8 approximately 
r eal ized at a Reynolds nmnber .of 9 X 106 . Figure 13 also shoTS 
a c~aracterist:c tendoncy for the . drag to increase to some extent 
t oward. tho up::?or end of tho low- drag range for moderately cambered 
airfolls :f particu~8.rly for the thicker a irfolls . All data for the 
N.l\CA 6-sories airfoils show a o.ecr ease i n +he extent of the low-drag 
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range 1-rith increasing Reynolds number. Ext rapolatlon ... of the rate 
of decrease observed at Reynolds numbers below 9 >- lOb ivould 
indicate a vanishingly a~all low-drag r ange at flight values of 
the Reynolds number. Tests of a carefu~y construc ted model of 
the NACA 65 (l~21) -420 airfoil showed, ho'Vrever, that the rate of 
reduction of the l ow-drag range .... ri th increasing ~eYl}old8 m;mller 
decreased markedly at Reynolds numbe~s above 9 x 106 (fig. 14). 
These data. indicate that the extent of the low-drag range of this 
a i rfoil is reduced to about one-half the theoretical value at a .... 
Reynolds number of 35 x 10 ° . 

The values of the lift coefficient .for which l ow draB is 
obtained are determined largely b;r the amount of camber. , T'ne 
lift coefficient at the center of the lOiv-drag re.nge corresponds 
approximately to the design lift coefficient of the mean line. 
The effect on the drag character:;:st:::.cs of -various aIn01.mts of 
camber is shov.'Il in figuxe 15. Section data indicc.te that the 
location of the lOi .... -drag range may be shifted -oy even such crude 
camber chan~es as those caused by small deflections of a plain 
flap . (See supplementary f ig', ) 

The loca tion of the low-drag rar...ge ShOi{S some Y8.riatJ.on from 
that predicted by simple thip.-air foil theory. This departure 
appears to be a function of the t ;y-pe of lJlean line used (refe~ence 29) 
a..'1d the a irfoil thickness , T'ne effect of a.irfoil thickness i8 
sh01m in figure 13, from which the center of the 10w-d,11 o.g range 
is seen to shift to higher lift coefficients with increas·ing air
foil thickness . This shift. is partly expla.ined by the increase in 
lift coefficient a.bove t he design lift coefficient for the mean 
line obtained vThen the velocity increments caused by the mea.."1 line 
ar e combined \V"ith the vei.ocit- di stribution for the basic thi ckness 
form according to the approximat e methods previously descri bed. 

Drag characteristics outside lovl- drag range, - P.t the end of 
the low-drag r ange the drag increases r apidly with increase in 
lift coeffi cient . For symmetri cal and low-cambered airfoils, for 
which the lift coefficient at the upper end of the low-drag ranclo 
is moderate, this high r ate .of increase does not continue . (See 
fig, 15.) For highly cambered sections, for which the lift at 
the upper end of the lovr-drag r ange is already hi gh, the drag 
coeffic ient ShOViS a continued ra:pid increa.se . . 

Comparison of data for airfoils camber ed with a tmifolw-load 
mean line with data for a.ir foils cambered to carry the load farther 
forward shows that the uniform-load mea..'1 line is favorable for 
obtaining lmv drag coefficients at high lift coefficients (fig. 16 
and reference 29 ). 
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Data for many of the airfoils given ~n the supplementary 
figures sho,,; large reductions in drag vrith incr easing Heynolds 
number at high lift coefficients. This scale effect is too 
lar ge to be accounted f or by the normal variation in skin friction 
and appe?rS to be associated i-Ti th the effect of ' Reynold number 
on the onset of turbulent flow following lrunlnar sepa-ratior: near 
the leading edge (reference 30 ). 

Effects of type of section on drag char acteristics .- A 
compru:.ison of the drag characteristics of the NACA 23012 a.Tld, of 
three' NACJ\. 6- series airfoils is pre s ented in figure 17 . Tile , 
drag for the NACA 6- series sections i s substantially 10,wer than ' 
for the NACA 23012 sectidn in the range of lift c'oefficients 
corresponding to high-speod flight, and this margin may usually 
be maintained t hrou@l the r ange of lift COefficients useful for 
cruising by suitable choice of camber . , The NACA 6- series sections 
shOi' the higher maximum values of the lift-drag r atio. At high , 
values of t he lift coeffic i ent, however, ,the earlier NACA sections 
have gener ally 10vTer drag coefficients than t.he NACA 6- series 
airfoils . 

Effective aspect r a t i.9 .- The combination of high drags at 
high l i ft coefficients, l ow drags at moderate lift coeff:Lcj_ents ) 
and the nonregular var iation of drag with lift coefficient shown 
by ,the NACA 6- series airfoils may lead t o paradoxical r esults 
when the span- efficiency concept (reference 31). is used for the 
calculation of airplane performance . In the usual application of 
this concept) ' the airplane drag characteristi cs are appr oximated ' 
by a curve of the type 

This curve is usually matched to the actual drag characteristics 
at a r ather 10"T and at 5. moderately high value of the lift 
coefficient (refer ence 32 ) . 

The application of this concept to tvTO hypothetical airpla.."1e s 
with NACA 230 - and 65- series sections) r espec t :j.vely) is il:Lustrated 
in figure 18(a) . The \VinG drags of the airplanes have been 
calculated by adding the lnduced. drags correspondiI13 1;0 an aspect 
ratio of , 10 with elliptical loac.ing to the profile- drag coefficionts 
of the NACA 23018 and 65)--418 airfoiJ,.s . . These sections are' 
considered ropresen tative of average wing soctions for a large 
a irplane of this aspect ,r atio . 'Ordinate scales are given' in 
figure 18(a) for the 'iring drag and f or' the total airple.ne (li~ag 
coefficients obtained by ad. j ng a repr esentative consta.Tlt value of 
0 .0150 to t he wing oJ:'ag coefficients . The resulting drag coefficients 
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have been a:ppr o:x;im.ated by tyro c~ves corresponding to equation (17) 
and matched to the drag curves at lift coefficients of 0 . 2 and 1 .0. 
'rhese tTITO curves correspond. t o effecti 7e appect r a';;:i as of 9 .29 for 
the air~lane 1dth R!l.CA 23018 Gectionc- and of 8.. 30 for the airplane 
wi th NACA 653 -418 section s and illustrate the typic[,~ large 
r eduction i n the 'efi'ect1ve aspect ratio obtained. "lith S"I).ch sections . 

It should be noted., hCMever, that although equation (17) 
provides a reasonably satisf actory approximation to the drag of the 
a i rplane y;-i t h RACA 23018 sections, such is not the caso for the 
alr1l1ane with the NACA 65 ?-4.18 sect ion . The most important reason 
for us ing h igh . aspect ra.t{08 on large airplanes is to reduce the 
dr ag at cruis:i.ng lift coeffic i ents and to obtain high maximum 
values of the l:i.ft- dra.g ratio . For the tw'o ~'Ting8 ::;onsider ed, the 
maximum value of this ratio is appr eci[-.bly higher foI' the airj:.lane 
with NACA 65.3-h18 sections (19 .8 as compared "Tith 18.5) despite 
the fac t that thi8 air-plene shows the lm"er effective aspect ratio. 
Figure 18(b) shows a simile,r comp&riscn vlith siT!l:i.lar results for 
bora aiI'pla.n.es of aspect r atio 8- Dnd rACA 2415 and 652-415 airfoils . 
It is accordj.ngly concluded that the effecti'ie asy;ect r Citio i8 not 
a satisfac tor y crJ.terion for use i n air foil selection . 

Effect of Surface Irregularities on Drag 

~~~.li8Sj "ole rO~~'1es~ . · Previous Hork has shown l ar36 drag 
incr emente resul tin!]; from s uri'ace r oughness (reference 33) . 
. 41though a lerge part of these drag incremente ";[f:.' Show'l1 to result 
f~om fo:.,···":ard m.ovement of tra..'1sition, subste.ntial dr<...g ::'ncrerrJ.ents 

. r esulted f:com surfac e roug)me8s i n t he region of tm'r'.l.J..ent flow. 
I t is accordingly imllor'tant to maintaLn. s~ooth stU'£'aces even' hen 
extem:!ive laminar flo,,! cannot b e expected, but. the gains that may 
b e e~~pected from n18.intaining smooth sUl'fa(.;cs are greater for 
N'!..CA 6· or 7 -Geri.es a:!.rfci1s vThen extenei ve lrunlnar flOlvs are 
poss:!.ble . 

No accUI ate method of specifying the surface condi tiOll 
necessar: for extt.;ns':'ve lar,inar flo'd a t h1gh Reynolds numbers has 
o een de7elo:Jed, 0.1 thoue: some genora::. conclusionr: have been reached . 
It Dl.:::t;r be :presumed tha'::' for a [i ven Pe nolcs number and chord'vise 
position, the siL.e of t,he :Dc:"1!liss:'blG rows.rmess 1vill yary directly 
'ivith tho chord of the a:i.rfoil . It is kno-m, at one extreme , that 
the s urfaces do not havo 'co bo 'pclishe0_ or o;;tical2.y smooth . Such 
polishing or Haxing 1 as ehOl-m no i mprOV0!nont 1...'1 teats in the 
Langley tVTo -dimensional lmf-turbulence tunneJ.s when appliGd to 
satiGfacto::'ily E2nded surfaces . Po2.:"shing or waxing a GU1'face that 
i 8 not aer odyn8.li12.ce.lly smootb vill) of course, rl.sult i f\. improvement 

. and such fini sh63 may be of cons :~derable :practical value because 
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deter ioration of the f1ni sh may be ea8ily s een and poss i b ly post
poned. . Large models ha vi ng cho::d lengths of 5 to 8 feet t e sted in 
t e Lan31e~r t '\.lO -d i mcns .i. onal 10vi-turbulence turmels are us ually 
f i nis hecl by sanding i~ the chor dVlise direction vli t h No . 320 carborundum 
paper when anael~odynami.call;y smooth snrface is clesired . . Exper i ence 
has sLown the resulting finish to be satisfactory at flight values 
of the Reynolds number . "~lY rougher surface t exture 3hould be 
cons 5_dered as a pos 9ible SOUI've of t r ansition, although slightly 
r ougher surfaces have appear ed to pr oduce satisfactory results in 
some cases . 

vlj.ndtun"l.el experience i n testing J:..TACA. 6-serie8 sectione and 
data of reference 3~' show t hat small pr otuberances extending above 
the general surface level of un other wise satis'f actory surface are 
more H:tel;{ to cause trans 1 tton t han small depressions . Dus't 
particles , for example) are more effec t ive than small scratches in 
LJl'oducing transi tion if the Dle.teric.l at the edges of the scratches 
i s not forced above the genera}, surface level . Dus t particles 
ad~_er :,11£3 to t he oil left on airfoll 8Ul'faces by f i ngerprints may 
b e expec t ed t o CEl-elSe t rCtns i tion at high Re~!nold8 numbers . 

Tr ansi tion spr eads from an incli vidual d iE:turbance 'vi th an 
included angle of about 150 (r eferenc es 33 and 35 ) .' A few 
sc tterecl specli:s , es?ec :;'e.lly 11.ea::- the leading edge, will cause the 
flow to be largely turbulent . This fact makes necessary an 
extre '~ely thor ough ins~Jectlon if 10'"' drags e.re to be r eal i zed. 
Specks suff lC i ently lar e to caus e prem.e.t1.rre trensi tion on full
size 1,' i11.gs ce.,,"1 be felt -b;y hand . The inspection ''',r ocedure used in 
the Langley t"i-lO -d :i mens i onal l O',T- tv.rbulence tunnels i e to feel the 
entire s1rrf'ace by hand after uh i eh the 8urfa~e is t hcr oughly 1·riped 
wi th a dry cloth . 

It ha'3 been noticed that transition r e s ulting froT: individual 
sma11 sharp r rotuberances , in c ontr a s t to vaves, tends to occur at 
the pr otub 3:>".<L1J.ce . Tranai tion caused by surface wayiness appea.rs 
to appro ch -!:.he vrave graduall y as the Reynolds number or wave size 
is i nc r ea se;i . The heig:..f1t of a STI"..all cylindr ":'cal prot tlber ance 
necess a:"7 to cause tr2.."1si tion '\'Then loca ted at 5 percent of the chord 
,,;i th its a-.cis noxmal to the surface is shovm in figure 19 . These 
data ,.,rere obta:Lned at r s.ther l ow value3 of the Reynolds number and 
shm." a l ar ge decrea s e in allo fable b.etght 1fi th increase i n Reynolds 
n umber . 1111s offect of Re~TIolds nQmDer on pel1mis8ible sur face 
r ouglmes8 is also evident :;'n f igure 20, in vThich shgrp increasa 
in d.rag at a Reynolis number of a ppr oxir.1a.tely 20 x 10 occurs for 
the model pai n"ed with c amoufla.ge lac1uer . 

The raagnitude of t he favorable gradient appoars to have a 
small effec v 'on the per missi'ble surfa ce r oughness for laminar flow . 
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Figure 21 shows that the roughness becomes more important at the 
extremiti es . of the low-dras range w.here the favorable pressure 
gr adient is reduced on one surface. The effect of increasing the 
Reynclds number for a .surface of margina,l smootp.ness, "Thich has 
an effect similar to 'increaEing the surface roug!'..ness for a given 
Reynolds number, is tc reduce rapidly the extent of the low-drag 
range and then to increase the minimU1l1 drag coefficient (fig. 21). 
The data of . figure 21 were specially chosen to show this effect. 
In most cases, the effect of Reynolds number predominates over 
the effect. of decreasihg the me.gni tude of the favorable pressure 
gradient to s'.lch an e~~tent t hat the only effect is the elimination 
of the low-drag range (reference 36 ). 

Permissible "Taviness. - More diff iculty is generally encountered 
in reducing the waviness to permissible values for the maintenance 
of laminar flow than in obtaining the required surface smoo~Qness . 
In additi on, the speCification of the requir~d freedom from 
surface ",av1ness is more dHfJcul t than that of the required surface 
smoothness. The problem is not ltmited merely to finding the 
minimum wave si ze that w·i ll cause · transi t_on under given conditions 
because the number of "Taves and the shape of the waves require 
consideration. 

If the wave is sufficiently large to affect the pressure 
d istribution· in such a manner that laminar separation is encounter ed, 
there is little doubt that such a. wave will cause premature 
transition at a~l useful Reynolds numbers. A relation between the 
dimensions of a wave and the pressure distributio!l may be found 
b Jr the methods of r efer ence 37. The size of the "Tave required to 
reverse the favorable pressure gradient increases with the pressure 
gradient . Large negati ve ~prossure gradients would therefore appear 
to be favor a.ble for wavy surfaces . Exrerimental results have 
sho,m this conclusion to bc quali tati vely correct. 

Li ttle j.nformation i s available on ,.aves too small to cause 
laminar separation or even reversal of the ~ressure gradient. Data 
for an airfoil sect.lon havin a relatl. vely long wave on the upper 
surface are given tn f'i.gur e 22 . Marked increases in the dreg 
corresp6ndi'ps to a r apid fOrl-rard movement of the transttion point 
wer e not noticeable belo"T a Reynolds number of 44 >. 100 . On the 
other hand, transition has been caused at compe .. ~ati vely low Reynolds 
numbers by a ser .i.es of small ,,,aves with a vll:we height 0: the order of 
a fEM ten - thoUS8.-11dths of a,'l i nch and a "lE~ve length of tho order of 
2 i nches on the same 60-inch- chord model. 

For tho types of· wave us ually 8ncolliltered on practical
cons truc t ion wings, the test of rocking a straight6dge over the 
surface in a chordwi se di r ection i s a fairly sattsfactory criterion. 
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The straightedge should rock smoothly without jarring or cltcking. 
The straightedge test wiil not shm1 the existence of 1t1aVes that 
leave t he surface convex, such as the wave of figure 22 and the 
ser ies of small vTaves previously mentioned. Tests of a large 
number of practical-construction models, hmTever, have shown that 
those. models which passed the straightedge test were sufficiently 
free of small waves to permit l ow drags t o be obtained at flight 
values of the Reynolds number . 

It is not feasible to specify construction tolerances on air ·· 
foil ordinates ,.,i th sufficient accuracy to ensure adequate freedom 
from waviness. If care is taken to obtain fair surfaces, normal" 
tolerances may be used i'11 "!:.hout causing serious alteration of the 
drBB characteristic3 . 

·:pr~i th fixed ' tr~BHic~ .. _. If the airfoil sUJ?face is 
suffiCiently rough to cause transitio~ near the leading edge, large 
drag .ipcreases are to be expected . Figure 23 sho'v1s that, although 
the degree of r oughness has some effect, the increment in minimum 
drag coefficient caused by the smallest roughness capable of 
producing tl~ansi tion is nearly ac gr eat as that caused by much 
larger graln r oughness when tpe roughnes s is confined to the leading 
edge. .The degree of rougrmess has a much larger effect on the 
drag at high lift coefficients . If the rov.ghness is sufficiently 
large to caUGe transition at all Reynolds n~mbers conSidered, t~e 

drag of the airfoil ,·ri th rougpooOness only at the leading edge decreases 
with ircreasing Reynolds number (fig . 10 and r eference 38) . 

TI1e effect of fixing t r ansition by means of a rougm1ess strip 
of carborlL~dum of O.Oll-inch gr ain is shown in figure 24. The 
minimurr. drag increases progressively with fOr1-lard movement of the 
roughness strip . The effect on the drag at high lift coefficients 
is not progressive; the drag i ncreases r apidly when the roughness 
is at the leading edge. F~lgure 25 8hm.,s that the drag coeffic1ents 
for the NACA 65(223)-422 and 63(420)-422 airfoi ls were nearly the 
same throughout most of the lift. range 'Then the extent of laminar 
flov7 vras limited to O. 30c . 

All recent airfoil data obtairied in the Lal1g1ey tHo-dimensional 
low-turbulence pressur e tunnel include r esults with roughened leading 
edge~ and these data are tncluded. in the supplementary figures. 
Tests with roughened l eading edge .7er e formerly made only for a 
limited number of airfoil sections, espeCially those having large 
thiclmess ratios (reference 39 ) . The standard rou.sm1GS S selected 
for 24-inch-chord models consists of O.Oll-inch carborundum gr ains 
applied to the a irfoi l surface at the l eading edge over a surface 
length of 0 .080 measured. from the l eading edge on both surfaces . 
The gr ains arc thinly spr ead to cover 5 to 10 percent of this 8.l'ea . 
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This standard roughness i8 consider abl;/ nore severe t.~1an that 
c aused by t :ne u.s'.lal manu.fact'..U'ing irreertJ.lari t:i es or deter:!.oration 
in service but is consic,erably less severe than that likeJ.y to be 
enc01.mtered in service as 8. r e5ul t of accumulr:..tion of icE. or mud 
or darus.gf. in mill tary conioE'.t . 

Tne variation of min itlUlll drag coe:'ficient 1vlth thiclmes8 
r a t io for a number of ITACA a11'f oi13 with standard l~cughness is 
s hown in f1gu,::,'e 12 . 'E.1ese date. 611mT t hat the magnitudes of the 
min imum drag coe~~ficients for the I·JAC;~ 6 - 8erie3 1O'.irfoi18 are less 
than the values for t he NACA fo'J..r- and five-dl.git-8eries airfoils . 
The r at.e of i ncrease of .drag vii t. thickness is greater for the 
a i rfoil s i n the r Ci.lgl':. condi.tion than in t.he smooth condition . 

~rag Ki.th pi.'actical coustr,lct::'~!l metho~~ . - The section d.rag 
c oeff ic i ents of sever al alr :pJ.ene .,l.ngs have been mee.sured tn 
fl ight by t he . !fu\:e - S1..U've,Y method (:;.eference ~.O)) and L1. number of 
pr actical - con struction wins sect5.orlE: he.ve been -\~ested in the 
Langl eJ t wo - d1mensionaJ. lov!-turbulence pressure tUll.L!el at flight 
values of the Reyno}.rls number . Fli&-'1t da-sa obtained by t.he :NACA 
(re f e r ence 40) are sUL-rn.arized in figure 26 and some data obtained 
b y the ComJOL.o.ated 'Vul tee Air craft Corporation are pre",ented in 
f igure 27 . Data obte.ined. in the Langley t'·TQ-dine:m'lional low,.. 
t urbulence pr essur e tl.lll.!1.el for typj.cal practical-constr uction 
sec t i on s are presented in fig1..U' ez 28 to 32. Figure 33 presents a 
c ompar isoa of the drag coeffj.cients obtained in thi.s ",tnG. tunIlel 
f or a modeJ. of the Fj'Cj\~ 0012 section and in fliGht for the same 
model mounted on an ail' })lane , For this case) ·che vind.-turmel al1d 
flight (lat£~ agree to .T1 th.i.n the x.perimental error . 

All wings for 1Vhich fli3ht data. are presented i:::1 figure 26 
.Ter e ca r efully finished to produce smooth surfaces . Greut care 
was taken to reel .lee surface ,·ravj.ness to a m~nimum for all the 
section s e::ccel-'t t he NACJl. 2415 .5; N··22 ) Republic 8-3)13) and the 
N/.CA 27 -212 . Cl.l!'vaturf;-. i:J.c;e measurements 01' surface w·aviness for 
some of t~lese airfoils are presented in re:'e:oence 1~0 . Surface 
conditions cox-r esponding t.o the duta of figure 27 c::.re d.escribed in 
t h e f igure . 'I'hez6 d.ata shmv that the sections perLlitting exten"'ive 
l aminar f low had substeni~ially 10lvor drug c06ff::.c ieuts 'IThen smooth 
t han t he other sections . 

The -vrind-t1illllel tests of pr actical-conr-;truction i·Ting sections 
as del i ve::,,'ed by the manufactur e r 8hm-Jed miniI'm!'! drag coefficients 
of t he order of 0 .0070 to 0 ,0080 .in near ly all cases reGar dless of 
t he airfoIl sec tion l.~sed ( figs . 28 to 32) . Such values may be 
r egarded. as- typical for ood current construction practice . 
F i n ishing t he sec tionEJ t o produce smooth · sQrfaces a.hrays produced 
s ubs tantial dr ag rt;:!du.ct1.ons although cOUi:i2.dcrable waviness usually 
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r emained . rone of t he i:le c t ions '!:;ested had fair s urfaces at the 
front spar. Unles s 8pecial care is tat:en to produce fai r s urfaces 
at the f r ont spar, the re 3ulting wave may be expected to cau"'e 
transition either at the .spar l ocat i on or 2, shor t distcnco beh ind 
it. Ono practica l-construction spec imen tested vii th smooth 
surfaces maintained l'e l ati ,-ely lou drags up to Reynolds numbers 
of approzimately 30 ). 106 (NACA 66 (2x15 ) -116 airfoil of fig . 10) . 
This specimen had no spar fOr',Tard of auou"!:' 35-percent chord from 
the leading edge and no 8.?&."!\·7is ,.:: stiffener s fOl''ioJard of the spars . 
This t.ype of con .... truction resulted i n unusually fair surfaces and 
is be i.ng used on some modern hit3h-performance airplanes . 

A com-parison of the effect of air:':'oil section on the mlnlllJ.1..1ID 
drag wi th practicaJ. -const:!:"'uct::'on su::cfaces is ver~T d l ff:'cul t because 
the quality of t he sur face has more effect on the drag than the type 
of section . ?robably the best compari8cn can be obtained from pairs 
of models constr ucted at the same t:i.me by "(,he same manuf acturers . 
Data for such pair s of models a r e pre sent.ed in fig'.ITes 30 to 32 . 
The results indicate that as 2_ong as current constr uctlon practi ces 
a re used the type of SSlctton has relat:;'vely littl e effect at flight 
va lues of t he Reynolds nurrfber for military air planee . 

Importan t savings in dr ag rna;;, be obtained. at h~.gh Re;ynolds 
numbers by keeping the surfaces smooth even ~.f extensive laminar 
flow is not rea l ized. Drag increments r esulting from surface 
roughnegs~n turb1)~ent flo T have been shovm to 013 important 
(reference 33) . '1'11e effects of surface roughness on t.he. vartation 
of drag ",i t h Reynolds 11.'\.1lll0er a r e show'n in figure 29 , in which t he 
favora.ble s cale effect usun..lly expected at h::.gh Reynolds numbers 
',.;as no~ r ealized . '1"ni8 type of scale effect may be compared. vri t h 
that shown for the Nl;CA 6 ( 420 ) - ~·22 airfoil 1"i th r ough l ead i ng edge 
but othor-~ri.se smooth surfaces (fig . 10) . Drag i ncrements obtained 
in flight r esulting from J:"oughr..ess j.n the tU!'bulen t bounde.r y l ayer 
wi th fixed tram:i tion are I)r esented in reference 41 . 

Tne effect of the 
of two smooth a irfoils 
were i nstalled in both 
t ygica l lnstallations . 
sections with de--icers 
h igh Reynold.s mlT.lber s . 

ap.,)lic.&tion ~f de - i.cer s to the le ding edge 
.is shmm in figure 34 . The de-icer "boots " 
cases ;.)Y the m2nufo.ci.':LJ.rer to r e;r esent good 

The m':'niml'c!2 drag coefficients for both 
i nstalled ,i8re of the ('rdor of 0 .0070 at 

~ffectG of \)1'2'26110r s lipst_ e.8.lli and all~:Jla."1e vib2.~ation . - Very 
f ew data al~e available on t he effect of pr opeller slipstream en 
transi tion or ai rfoil dra J'j tho dO.ta that are aveilable do not Ghm.; 
cons isten t r esults . 'TI1is :i.nconsistenc· rna;)' r esult f'rom vari3.tions 
in lif t cod'fi.ci nt, surface cono.i ti.on, air - str eam turbulen ce , 
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propeller advance-d i2IDe-:,er ra-~io, and' n:mlber of blades. Tests in 
the LaTlgle:r 8-foot high-s:peeri tUlmel indicated transition occurring 
from 5 to 10 per cent of the chord f rom the leading edge (reference 42) . 
D:..'ag measU1~ements made in the Lcngley 19-foot pressure tw.p.el 
(fig. 35) indicated only mod.erate drag increments resulting from a 
wind.lJlilling propeller. Although the de,ta of figure 35 may not be 
very ac curate because of the difficll.l t;y of making .rake s·<.lrveys in 
the slipstrea~, these data seem to ~reclude very large drag 
increments such as ,,!ould resu.Lt :["rolll movement of the transi tjon to 
a position close to the leading edge . These data also seem to be 
confirmed by recent NACA flight (lata (fig . 36) , "Thieh sho.r transition 
as far be,ck as 20 percent of the chor d in the slipstream. Other 
lmpublished NACA fEght d.ata on -'vransiJ::,j.on on all S-3,14.6 airfoil 
in the sli pstreem indicateo. that laUlino.r rIm', occur:red a3 far back 
as 0.2c . 

Even leAS data a r e available on the effects of v:Lbration on 
t ransi tion . 'l'ests ill the La.Tl::'] e:,r 8--foot hiq..'1-s:;::eed tunnel 
(refer ence 1:.2) sho,.red negligible effects but the range of fre<].uencies 
te5ted may no t he.ve been suffl.ciently vide. Some unpubl~shed flight 
data shoved ST1lB_ll but consistent I'Gt.!'\lG.rd mO'lements of trallsi tion 
outside tho slip.3tream i-Th3n the propellers -ilere feathered. This 
effect was noticed even i{hen the IJl'opeller on the opposite side of 
the airplane from the surVE-Y plcu:e Tas fe.::cthered. unO. ·was b.ccordin ly 
attributed to vibration . Recont tests in the A:nes full - scale 
tunnel shoved ],JX'ernature adver 3e scale effect on drag coefficients 
measur ed by the i,rake -sarve;y method vhen a model-support strut 
vibrated . 

Lift Character lstlcs of Smooth Airfoils 

Two -9-2.mensional da~§: . - _to,s oxplained in the section "Pngle of 
ZE,ro Lift, II the &"Ylgle of zero lift of an a i rfoil ie largely 
detormined. by the camber . Th2.n-e.i~foil theoTj :provides a means for 
computing -the fu"1gle cf zer o lift from the meon- line dnta presented 
i n the supplementary figures. Tho c,grcement betMeEln the calculated 
and the eXIlcl'imental ansl o of zero Ij.ft depend.s en the type of 
moan line used . COl1lpa:;.~ison of tho cx~er im.entcl values of th& cngle 
of zer o l ift obtained from the supplementary f~gurv8 and the 
theoret::'cal values tE'tken from the mea.Tl- line data shows that the 
agr eemen t is good except for the uniform-load type (a = 1.0) moun 
l ine . The angles of zero lift for this type mean line gonerally 
have values more positive than those pr edlCtcd . The experimental 
valuos of the Eill.::;les 0"': zer o lift for a number of NACA four-
and fi vo- digi t and NP,CA 6 - series a~rfoils .arc presentod. in figure 37 . 
The airfoU thicknHls appenr s' to have little effect on the value 
of the angle of zoro lift rGC~rdlGs8 of tho airfoil series. For the 
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NACA four-digit - ser ie o,i1:'fo1.1s, t.he angles of zero lift are 
appr oximately 0 .93 of the value given by tbin- airfo:"l theor Yi for 
the NAC_~> 230 - ser:"es p~irfo~ls , tj.~~ fa~"(,or i3 8.pproximatel;'" 1.08· 
ane. for t he NACA 6-ser';'es ai:cfolls with uniform ·load ·t.j'I!8 mean 
l:i..ne , this fact.or is apr;ro.7.imat ely 0 :7 ~· . 

The lift- cuyve olo:pes (fig . 38) for o.irfoi.1s tested in the 
Longlej' two-d:"mensionaJ. lm.'-turbulence Iressure tunnel a r e h igher 
than those previously obtained .~n the te.:,-cs re})orted in reference 8 . 
It is not c l ear whether' this o.iffer ence in slope 18 caused b;y the 
d i f fe r ence in air - atredID turbulence or by the d:!.ffer ences in test 
methods, since the section data of' refer ence 8 "ler e inferr ed from 
tes ts of models of aspect ratio 6 . The p:eesent values of the lift·
curve slope were mec.sured i'o.. a Reynold.s number of 9 >. 106 and at 
values of the lift coe.:'ficient app::'oximatel;/ equal to the design 
l ift coeffic ient of the alrfo~l section . For the NACA 6 - series 
air foils this lift coefficj.ent' f ' aI,proximately in the center of 
the lov-drag range . For airfoils D"'ving thicknesses in the r ange 
f r om 6 to 10 percent the N.CA fOl~r- and. f.I.\re · d.igit series and the 
NACA 64 .. series a:'cr foil sections have values of lift - curve slope 
ve r y close t o the value f or thin airfoils ( 211: per X'E.dian or 
0 .110 ller degree) . Variat.ion in Re;ynolds number beh-leen 3 X 106 

and 9 '< 106 and var iations in airfoil camber U,9 to 4 ller cent chord 
a pear to have ~10 systematic ef fect on values of l:'.ft .. curve s l ope . 
The a i rfoil thickness and the type of th:i.ck.noss distr "Lbu tion 
appear to be the pr 7.mary v8.riables . For the NACA four - and 
f ve-·digi t·-ser ies air foil sections , the lift - curve slope decr eases 
with incr ease in airfo~l thickness . For the NACA 6 - ser ies airfoil 
sec tions , however , +he lift-curvo slope increases 1.,i th incr ease in 
t h ickness and foryTard movement of the pos. tion of minimum pressure 
of t he basic t h ickness foY'Lll at. zero lift . 

Some NAC_I4. 6 - ser1e~ airfoils ehm., JOBS in the Hft cur ve at t he 
end of the lo,~- d.re.g rp..nge, especially at low RGynold,~ nuraber s . This 
jog becomes more pronounced v;i th increase of cambe:::' or thickness 
and w j tll rear'tl8..Y'c. movement of the l)Os:l tion of minimum pressure on 
the basic thiclmess form . This joe; decre[tsen r apic.tly i 1 sever ity 
with i ncref'.s.Lng Be molds m.unber .• bCCOr.1C8 merely a ch,mBe in li .... t 
cur ve slo1;.0 , and is prac tically nonGx~.s t e_ t a. t a R<3;ynolds nlllnbor 
of 9 x 10 0 for most ail~fons that ,muld be Jonsidered for pr actical 
application . Th:i.s jog may be a considera-r,lon in the selection of 
air fo1.1s fo r sill:li l low- E)":')eed air ..;,lanes . In analysj.s of the flay! 
condition s l eadIng to thie jog i8 presented in refer ence 30 . 

Tne variation of' maximU':!l l::'ft coefficient vii t h a.ir fo i l 
t hickness r atio at a Roynolds munb -r of 6 X 10 6 is shown in figure 39 
for a nu.mber of IJACA airfoil EJections . The a.irfoils for vrh ich dat.a 
ar e pr esented in this figure have a r ange of thickness r atio 

46 



NF.CP. P.CR No. L5C05 

from 6 to 24 percent and. camber s up to 4- per cent chord. . From the 
data for t h e [{P·_Cp. f our - and. fi ve - digi t - series airfoil sections 
(fig . 39(a)), the ma.ximum lift coefficients for the plain alrfoils 
appear to b e t he greatest- for a thickness of 12 percent. In general, 
the rete of cliange of maximum lift coefficient "ri th thickness ratio 
appea.r s t f.'l b e great est f or air f oils having a thickness less th8Jl 
12 perc ent . The da.ta fer the NACA 6 - seriE's airfoils ( fit~s . 39(b) 
t o (e)) also show a r ar'id. increase in maximum lift cOE..ff:i.cient Ivi th 
j.ncreasing thicknesG ratio for thicl:;:ness ratios of l ess than 12 p (;r
c ent . For rpCA 6 - s oriEs r::irfoil sec t ions camb3red to give a design 
11ft coeffic ient of not mor e than 0 .2, the optimum thickness ratio 
for maximum lift coeffici ent appears to b e between 12 and 15 p3rcent, 
exc ept for the airfoils having the position of minimum pressure at 
60 percent chord . The optimum th i cknees l'atio for the NACA 66-serieo 
sections ce.mb erecl for a desi~lll l ift coeffici nt of not more than 
0 .2 app ear s to b e 15 perc ent or gre,ator. The available data indicat e 
tha t a thickness r atio of J.2 percent or less i s o::;>timum for airfoils 
h aving a design lift coefficient of 0 . 4 . 

Til . maximum lift coefficient is least sensitive to variat::'ons 
in position of m:i-nimum pressUlne on the bn8ic thickne8s form for air
foils hl:.ving thickness ratios of 6, 18, or 21 p ercent. The D1..a.ximv.m 
lift 00effici cnts corr6sponding to i.n termediate thickness ratios 
i ncrease ",i th forward rnovem'3nt of the position of minimum pressure , 
particula:rly for those airfoils h aving design lift coeffici ents of 
0 . 2 or less . 

The mc.x:Lmurn lift coefficients of moderately cam-berGd rU·CA 6-ser ies 
s E. ctions incrE;ase Iv-ith incr easing camber (fig. 39 (b) t.o 39(f")). The 
additi on of camber to the symmetrical airfoils causes the greatest 
increment. of maximum lift coefficient for airfoil thickness ratios 
varying from 6 to 12 percent . Tne eff' ect:t.veness of camber as a m0ans 
of inc:ceasing the ma.xil"llli'1l lift coefficient senerally decreases as the 
airfoil thickness incr eases beyond 12 or 15 p ercent . The availablE: 
da.ta indica t A t hat t h e corrbination of a 12- percent- thick section and a 
mean line cambered for a de 19T1 lift coefficient of 0 .4 ;;'ields tho 
h ighest maximum lift coefficient . 

The varia,tion of ma.·xj.mum lift "ri th type of moan line 1.s shmm 
in figure 40 for on e 6 - series t hickness a.istribut::'on . No systematic 
da"a are available for mean lines vith valu's of a less than 0.5 . 
It s h ould be noted; hovev E:.:r , that ai!"foils s uch as the NACA 230-s erie s 
sections '.Ji th t:1( "1a.ximum camber far fo:nv-ard 3hmi larg6 val~es of 
maximum l ift . .cJ.rfo i l s0ct:i.ona vl.l. th me.xjmum. camber far forward and 
vl i th thiclrness ratios of 6 to 12 pE..rcerit usually staJl from the leading 
ed3e ',ri th la:;.nge sudden 10f:'ses in lift . A more desirable gradual stall 
is obtaiaed 1-Then th6 location of maximum carr.b '3r is fartber bad{, as 
for t he IJACA 24- , 4h-, and. 6 - series sl:ctiom: with normal types of 
camber. 
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~ comp~.ri80n of the iTh'''t,Jd.T'lum lift coefficients of NACA 64 - ser ie8 
a i rfoil s e; tiruls c mber ed for a design lift coefficient of 0 . 4 with 
those of tl.1e N!;.CA 44- a.'i.d. 230 - se1' i e 8 sections (ng . 39) shows that 
the maximum lift coefficients of t he NACA 61} - s er5.es air foils are as 
h ::'8h or hi ' he:i.~ t han those of the NACA 44-serie8 s ec t ior.s t n all 
cas es . The NACA 230-ser1es a i r f oil s~c-Lions have ma.xtmum l:tft 
coeff:iclents someuhat h:'gher -i,:;han those of the NJ>..CA 64- series sections . 

The scale effect on the maximwn lift coefficient of a large 
number of NACA ai. r foil sections for Reynolds nu.mbers fr om 3 x 106 
to 9 A 106 l s shOlm in n.gure ~.l. 'rhe scale effect for the NACA 24 -, 
44 - , and. 230 - 8er1es airfol1s (figs . ~.l( a ) and (b)) havi ng t h i ckness 
r atios from 12 to 24 per cent is favorable and nearly independent of 
the air foil tht clmess . Incr easing the Re~'1l01ds number from 3 x 106 
to 9 >'~ .106 results i n an incr ease in the maximum li:::'t coefficient 
of a~n)r0xjmately 0 .15 to 0 .20 . The scale effect on the ITACA 00- . 
and' ll~ - series ail~foils ht!vih,g thiclmess ratios less th[Jl 0 . 12c is 
very small . 

The' scale -· effect data for t..he NACA 6-8eries a.irfoi1s 
(figs . 41 (c) to (.l.~ )) do no-;; show an ent j rely systematic vc-..riation . 
In ge"eral, the scale effect is fa,vorable for these airfo~l sec tions . 
For the NACA 6~ - and 64 - 8eries airf oils with small camber, the 
increase in ma.-~:i J)m lift coefficient '\vi th increRse in Reynolc.s number 
i s generally small for t hic kness ratios of l ess than 12 percent but 
i s s ome'lt!hat large::.' for the th:'cker sect.ions . The character of the 
scale ef:;.~oct for the Nf,CA 6~ - an 1. 60-series airfoll sec tions is 
similar to 2.:.h3,t for the NACA 03- an d 6~. - 8eries air foils bn"':. t he trends 
a::"e not so vell (lef i ned . I n most cases the scale effect :01' 
N. CA 6- 3er 1es a o::cfoil sectio. ['. camber ed for a des:'SIl lift coefficient 
01.' O. L. or 0 .6 does not var~r much vTi t h R';' r 'fo i]" thickness ratio . . The 
data of figure 42 sho,,; t hat the maxJmum lift coeffic ient for t he 
N.~CA 63 ( 420) - ~·22 airfoil conti.nues to increC'.,.se with Reynolds number, 
a t l e&st U) to a Reynol ds nu.llber of 26 >' 10 b . 

The values of the m&:cJmum l ift coefficient pr esented were 
obta'ned for steady conditJ.ons . Tho maximum lift coefficient may 
b e hie;her 1,7hen the angle of attack s inc:::oeasing . Such a c o..11.di tion 
m'ibht occur dur'ing austs and landin g maneuvers . (See r eference 43 . ) 

The s~-9tematic invoetig3.tion of NACA 6 - 86ri8s c..irfoils i ncluded 
tests of th o ai r foils ior:i th a siUlllated split flal! deflected 600

• 

I t 'ioTaS believed that these tes ts would serve as an in ication of the 
eff ecti veness of mor o :901verful types of' trailing-edge 'h igh - lift . 
devices a l t hough s ufficient data to verify this asslunption have not 
b een obtained . The ma.ximum lift coefficients for a l arge number of 
NACA air1'oil sec ions obtained from. te""ts "ith the s imulated split 
flap ar e presented i n f 1gure 39 . 
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The da t a for t he N_ACA 00 - a..ll.d 14 - ser ies a irfoils equipped with 
spl i t flap f or t hickness ratios from 6 to 12 per cent s h mr a 
cons i der able i n cr ea se in maximum l i f t coefficient with incr ease in 
thi ckne s s r a t io . Corre sponding da ta f or the NACA 44- ser ies a.irfoils 
wi t h thickness r ati os f r om 12 t o 24 p ercent shm., ver y li tt2.e variation 
in maximum lift coeffici ent vii t h thiclmE,ss. For NACP. 6-series air 
fo i ls equippe d \,ri t h s plit f J.aps the max i mum lift coefficients increase 
r apid l y wi t h incr ea s ing t h iclme s s over a r anse of thickness ra.tio, the 
r ange beg inning a t thi cknes s r a tios b e h reen 6 and 9 percent, dep~nding 
upon the camber . '1'he upp er l imi t of t hi s range for the symme trical 
NACA 64 - and 65 - sGr ies a i rfoils a-ppea r s to be g r eater than 21 percent 
and f or the NACA 63 - and 66-seri ~; airfoils appr oximately 18 percent . 
Be tvreen thickness r a tios of 6 and 9 p ercent the values of maxjJnum lift 
c oeffici ent f or the s ymme tr i cal NACA 6-ser ies air foils are essentially 
the same r ega.rdless of t h i ckness r atio and posi t ion of minimum pressure 
on the basic t hic kness f orm . The maximum lift coefficient decreases 
wi th r earwar d mov emen t of minimum pressure for the a.ir foils having 
thi ckness r atios beh·Teen 9 and 18 per cent. 

Substanti al incr emen ts i n maximum l:i,ft coeff1c:'ent \lith increase 
i n camb er are s h mm for the NACA 6 - ser i es airfoils of modera.te 
thickness l~atios (10 to 15 p erc ent ChOl~d) with sp::'i t f'le.ps . For the 
airfoils ha vine thickness r atios of 6 pe:::'c8nt and for the airfoils 
h a v ing t hickness r atios of 18 or 21 percent, the maximum lift 
coeffic ien t is affected ver y little by a change in camber. For 
thickness r atios gr eater than 15 percent, the meximum li~t coefficients 
of the NACA 6 3- and 64- se1'iel3 air foil s cambered for a design lift 
c oefficien t of 0 . 4 equ:i.p:pecL "li th SIlE t flc.ps are greater than thE: 
corresp ondi n8 JJlaJCi mUDl lift coef ficients of the N1~Cf., 44-series airfoils . 

Three-dimen sional date. .- No r ecen t systematic three- dimensional 
wing da t a ob tain e d at hlgh ReynoldG num-D~rs are available, GO that 
i t i s diffi cult to make any compar ison ,ri t.h the section elata . "!hen 
t h e maximum- lift data for t hree - d imensional wings ar _ compared ¥ith 
section data, acc ount s hould b e tElken of the span load distribution 
ov er U~e ~·Ting . Th e pr edicted maximUl.'1 lift c00ffici ent for the ~Ning 
will b e som8\.,hat lo,,'er t h an t h e maximum lift cO E:fficients of the 
sec t i on s used b ecause of th6 nonunif'ormi T,y of the sp2.ml'is(; c_istribution 
of l i ft c oe f ficiunt . Th e d iffer ence 8nlOuntC to about 4 to 7 p ercent 
f or a r ectangu lar wing with fu, aspect r atio of 6. 

Ivla.ximum- l ift data ob tain ed f r om tests of a. number of >.nngs and 
a irplane models in the Langley 19 - foot pressure tunnel are pres0nted 
in t abl e II . Al though sec tion data at the Reynolds mlIllOerS 
n e c essary to p ermit a d etailed comparison ar(; not ave.ilabl(; J the 
max imum l ift coefficien t for pl ain wings given in table II appt;ars 

--~-------~----------------------------------~~--~ 
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to be j.n 'general agreement with values expected from sec tion data . 
The d~ta f or the aiipl,ane models are pr esented to indicate the 
maximum lift coefficients obtained with various "airfoils and 
configuration s . 

Lift Cha r acteristics of ROU~l Air foils 

Two-dimens ional data .- Most recent airfoil tests, especially 
of airfoils ".,i th the thicker s ec tj.ons, have i ncluded tests "T!_ th 
r oughened leading edge (reference 39 ), and the available data are 
i ncluded i .n the SUIJplement.a r ,y figures . 

The effect on maxiill1.:"''1l lift coefficient· of various degrees of 
rou~ess applied to the l eading edge of the NACA 63 ( 420) ·-422 
air f oil is shown in figure 23 . 'rhe maximum lift coeffident 
decreases pro::> essively vrith increasing roughness (reference 38) . 
For a given s urface condi t :i.on at the leading edge, the maximum lift 
coefficient increases slovrly \-lith l ncreas ing Reynolds number 
(fig. 43). Fi6ure 24 shows t hat roughness strips located mor e than 
o .20c from the leading edge have li ttle effec t on the maximum lift 
coefficient or lift ·-curve slope . The results presented in 
figure 38 shm" that the effec t of standard lee.ding edge l~oughness 
i s to decrease the l i ft-curve slope, particularly for the thicker 
airfoil s having t he pos ition of min.:i.mum :gressure far ·back . These 
data are f or a Reynolds nm~ber of 6r~ 10 • Maximum-1ift- coefficient 
data at a Reynolds number of 6 x 100 f or a large nUL1ber of NACA 
airfoil sections id th stanctard r oughness are ; Jresented in figures 39 
and l~l . The variation of maximmu lift coefficient with thi ckness 
for the NACA four - and five-digit-series a1rfoil sections with 
standard roughness shows the same t r ends as those for the smooth 
airfoils except that the va lue", are consider ably r educed for all of 
t hese a irfoils other than t he N.ACA 00 - ser ies al1'foils of 6 percent 
thickness . For a given thickness r atio greater than 15 percent, 
the values of maximum lift coefficient f or the fotIT - and fi ve -digi t 
ser ies a j. r foils are s ubstantiall;:r the same. 

Much less variation in maximum lift, coefficient TITl th thiclmess 
r a t io is sho".nl by the NACA 6 - 8er ies airfoil sections in the r ough 
condi tion than wi th smooth leading edge. '1'h6 maximum Hft coefficients 
of the 6 - percent-thick airfoils are ~ssentially the same for both 
smooth and r ough condit:;'ons . The variation of maximuIll lift 
coefficient wlth camber, hmiever, is about the same for the e.irfoi1s 
vTi th s ta.'1dar d r oughness as for the gmooth t:l cctions . The maximum lift 
coeffic ien t of airfoils "i t h standard roughnes s ge_le1'al1;:;" decreases 
somevrhat \'1i th reaX'\va1'd movement of the position of minimum pressure 
exc ept for airfoils having thickness r a t i os gr eat.or than 18 percent, 
in 1ihich case some sligh t ga:Ln i n m2...ximum lift coefficient re8ul t 8 
f r om a rearward movemen t of' t he posi t ion of minimum I)resSllre . 
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EXcept for the NACA 44-series airfoils of 12 to 15 percent 
thickness, the pr esent data i ndicate that the rough NACA 64-series 
airfoi l sections camber ed for .a design lift coefficient of 0.4 
have maximum lift coeff icients conslstent·ly higher t..h.an the rough 
air foils of the NACA 24-, 44-, and 230-serie8 airfoils of 
compar able thicIDless.· Standar d rouglllless causes decrements in 
maximtun lift coefficient of the a i rfoils with ~plit flaps that are 
substantially the s~e as those observed for the plain airfoils. 

The maximum lift coeffic ient may be Im.;ered by failure to 
maintain the true airfoi.l contour near the leading edge, but no 
systematic data on this effect have been obta:Lned. Examples of this 
effec t t hat were accidentally encoIDltered are presented in 
figure 44, in which 11ft · charact,er:l.stlcs are given for accurate and 
s l ightly inaccurate models . The model inaccuracies were so small 
tha t t hey wel~e not found ~~ViOU8 to the tests. 

Three-dimensional data . - Tests of several airplanes in the 
Langley full-scale uUlllel (reference 44) show that many factors 
besides the airfoil sections affect the maximum lift coefficient of 
air planes. Such factors ~s roughness, leakage, leading-edge air 
intakes, armament installations, nacelles, and fuselages make it 
difficult to correlate the airplane maximum lift with the airfoils 
used, even when the flaps are retracted. The various flap 
conf:i.guratiom.: used me.ke such a correlation even more difficult 
"Then the flaps are· deflec ted . When the flaps were retrac ted, both 
the highest and the lowest maxlmuID. lift coefficients obtained in 
r ecent tests of airplanes and complete mock-ups of conventional 
configurations in the Langley full-scale tIDlllel ,.,ere those obtained 
wi th NACA 6 ·· series .airfoils . 

Results obtained from tests of a model of an airplane in the 
Langl ey 19-foot pressure tIDlllel an~ of the airplane in the 
Langl ey full - scale tIDllleJ, are presented in figure 45. Both tests 
were made at approximately the same Reynolds number. The results 
show that the airplane in the serYice condition had a maximum lift 
coefficient more .than 0 .2· lo,,,,,er than that of the model, as "Tell as 
a lover. lift-curve slope. Some improvement in the airplane 11ft 
characteristics was obtained by sealing leaks. These restLl ts show 
that airflan~ lift characteristics are stro~31y affected by details 
not r eproduced on large-ecale smooth models . 

. . Lj.ft character istics obtained in the Lani:51ey 19-foot pressure 
tIDlllel, for t1VO airpla.lle models in the smooth condition and wi th 
trans i tion fixed at·the front spar are presented in figures 46 
anet 47. In both cases, the lift-·curve slope "Tas decreased through
out most of the ·Hft range with fixed "transition. The maximum lift 
coefficient ",as decreased in one case but vlas increased in the other 
case . 
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Unconservative Airfoils 

The attempt to obta,in low drags: especially for long ··range 
a:Lr plenes, leads to hi~h ving loadings togetber vTi til relatively 
10vl span loadi ngs . This tendency r esul t.s in wings of high aspect 
r atio that r equire lal"3e spar depths for stlClctural efficiency. 
The :Large spar depths require the use of thick r oot sections . 

This t r end to thicl\ rootsectio1'ls has been encouraged by 
the r elatively smal l inGr ease in drag coefficient with thickness 
ratio of smo~th airfo,Hs (f:j.g ,. 12) . Unfortunately, airplane ,vings 
a r e not usually constructed with smooth , surfaces and, in any case, 
the surfaces ca.D:9ot be r elied upon ' to ' 8,tay smooth under all service 
condi t:Lons. 'The effect of roughening the leadllltS edges of thick 
air foil l to cause large increases in the drag coefficient at ' 
h igh Uft coeff.ic ients . Ti...1e resulting drag coeffic ients may be 
excessive at cruising lift coefficients ,for heavily loaded, hi8h
altitude atr p18nes,. A;:' rf'oi.+ sections that have s ui table characoo 

ter istics vThen smooth bnt have excessive drag coefficients when 
r ough at li'ft coefficients corresponding to crulsing or climbing 
Gondi ti'ons are cle,ssified as lLT1COnServatj,ve. 

The deci slon as to ,;'rhether a given airfoil section is 
conserva'ti ve 1,,111 depend upon the pm.er and the ~ring ~oB:dino of' 
the air plane . ' The decis j on may be affected by expected ,service 
and operating conCl.i tions . For eXCilllJ'?le, the abili ty of a multi - ' 
engine airplane to fly vit.h one or more engines inoperative in 
icing conditions or after suffering dmaege in combat may be a 
consideration . 

, , ' 

As an aid in judging whether' the secti,ons are conservative, 
the lift 'coefficient corresponding to R drag ,coefficient of 0 .02 
',"8.8 determined from thE3 su~plementary figures for' a l arge number of 
NACA airfoil s~ctions wit.h roughened leading edges . The variation 
of this cri t'ical lift coefficient ,.;i th aj,rfoiJ. thickness rati'o and 
cember Is' s hown i n , fig lIe 4.8 . These data shoH that , i~ general, 
the' lift 'coeffi cient at v-.rh.ich ' the dra.g coefficient ' is 0 .02 decreaSes 
wi th 'rearward movement, of pos'i tion of n:inim1.l1ll pressure . The 
thickness ratio for "i'711ich this l5.ft coefficient J,S a maximum u8u21ly 
lies bet,reen 12 and 15 llercentj var.iations i n ,thickness ratio from 
this optirm .. un range gonerall cause rather sns.rp decreases j:n the 
cri tical lift coefficient . 'rhe addition of camber to the symmetrical 
airfoils usuall:',' caases &I1 .1.~1Crease in the critical lift coefficient 
except for the very thick sections ) in , vlhlch case increas Ing the 
camber becomes r elatively iheff'ectual and may be actually harmful . 
All the data of figure 49 correspond to a Reypolds numbor of 6 x 106 . 
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As shown i n f i gure 49, t he drag coefficient at flight values of 
t he Reynolds number may be cons i derably lm.p r t han the drag 
coeff ic i ent a t a Reynolds number of 6 x 10 0 if '",he roughne8s ia 
confined to the l eadill6 eclge . 

Pi tchi nc Homent 

The variation of t he quarter-chor d :::>itching-moment coei'ficient 
at zer o angle of attack 'v!i th airfoil thickness ratio and c81nber is 
presented in figur e 50 for several NACA air foil sections . The 
quar ter-chord pitch ing-molllent coeff i c i ents of the NACA four- and 
fi ve -di gi t- ser i es airfoils become les s negat;i ve vTi t h incr easing 
a i r foil thickness. Almost no vari a tion in quarter- chord pitchin~
moment coeffic ient wi th a i r foi l t hi ckness ratio or position of 
minimum pressure is shown by t he NACA 6-ser ies airfoil sections. 
As might be expected, i ncreas ing the amount of camber causes an 
a lmost uniform negative increas e in t he pitching-moment coefficient . 

As discussed previ ously, the pitching moment of an airfoil 
sect5.on is pr imarily a function of its caLlber , and th.l.n-airfoil 
theor y provides a means f or est i mat ing the pitching moment from the 
mean- line data presented in t he suppl ementary figures . A comperieon 
of the experimental moment coeffi c i ent and theoretical velu0s for 
the mean l i nes is pr esented i n f lgure 51 . The exper imental values 
of t he moment coeff i cients for NACA 6-8eries air foi l s cambered with 
the uniform-load type mean l i ne are u8ually about three-quarters 
of the theor e t ical values (figs . 50 and 51) . AHfoils emlloying 
mean lines with ralues of a less than unity , however, have moment 
coeffic ients s ome"That mor e negative t han those indicated by theory . 
The use of a mean l i ne having a value of a less than unity, 
ther efore, brings about only a slight r eduction in pitching-moment 
coef ficient f or a given design lif t coefficient when com:ferecl with 
the value obtained ~-ri t h a uniform-load type mean line . Th8 
experimental moment coeff i c ients f or t he NACA 24-; 11.4 - , ar.d 
230 -8erie8 air f oils are also less negative than thODe ind.icateo. by 
theory but t he agr eement is closer t heJl for airfoils_ having the 
uniform- l oad type mean line . 

The pi tchinG-momen t data f or t he airfoils equip.:ed vTi tIl 
simulated spL.t flaps def2.ected 600 (fig . 50) indicate that the 
value of t he qum'ter-chor d pi t ching--moment coefficient becomes more 
negati 'Te vri t h 1ncreasing thickness for all t}:e airfoils tested. 
For the thi cker NACA 6- ser :'e8 sec tions t..'l-J.E. Ill2..gn:" tude of the moment 
coeffic i ent increases Ivi th r earw'ard movement qf the :p08i 1;;ion of 
mini mum press ur e . 
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Posi'~j.on of Aerod;vnamic Center 

Tne va.riation of chordwise :pos:" tion of 6he aerodynanllc cel1ter 
corresponding to a Reynolds number of 6 ' 10 fo~ ~ large number of 
rACA a.i.rfoils is presented in fi.gure 52. From 1:.1:.e data g iven in 
the supplementar;}' fi gu..L es t here appears to he ],10 sys tematic var-:'ation 
of chordwise 1)081 tion of aerodynami c center with I\eynolds number . 
The data for t he NACA 00- and l4-seriei3 airfoils ) presel1ted for 
thickness ratios le8s tl:.an 12 percent, sho'\? that the cho:;.'d:wise 
posl tion of the aerodynemic center :i.S a.t the quar ter-chOTa. poillt fu'1d 
does no t .vary ,vi th Etirfoil thicknes8 . For the NACJ.\ 24-) .41:.-, 
and 230-series air foils with thickness ru.tios randing from 12 to· 
21~ percent, the chorel.wi se r08i tion of the aerodynamic center is 
ahead of the quarter-chord poin1:. and moves for-ward with increase in 
thickness ratio. 

Tne chordivise i!osi tion of the aerodynamic center is behind the 
quarter-chord po~nt for the NP,.C :'. 6- series a::"rf ::>iJ.s 8..."'1d moves 
reaYWBTd with inc r ease in airfoil thickness , ,·,J.!.j.ch is in accordE-l'lce 
wi th the trend" indicated by r-erfect- fluid theo~o:'y. There appears 
to be no systematic variation of chord.rise posi "~jon of the !?ero·
dynamic center ,.j.th camber or posi tj.on of minimum pre·ssu:::'e on the 
basic thiclmess form for the8e a irfoils. 

The data of refere ce 45 Sl10W impor:;ant f,)rwaY'cl movements of 
the aerodynmnlc center v' th incre.?s:!..ng traiL.ng-edGe (.:'Ing.le :'01' a 

iven airfoil thj.ckness . For the I ACA 24-, 1~4-, ana. 230-s·erie8 
airfoils (fie; . 52) the effect of incl'easing traHing- edgo anele is 
apparently greater thaD. the effect 0-:: increasing thjclmess: For 

. the NACA 6 - seriee airfoils, 1:,he o.:;>pos:" te aplJea:::'s to be the case. 

Eigh -L:i.ft Devices 

Lift ·characteristics for t 1O NAC!.\. "-8erles airfoilr equip1-ed 
wi th plain flaps are presented. in fig-nre 53. These dail: : show that 
the max i mum 11ft coeffiC ient increases less rapidly .... THh flap 
defl.ection f or the more highly cambered sect.ion . Lift charac
teristics of three NACA 6-series airfoils Ivith split flaps are 
presented in referenc e 45 hl1d fJgure ~4. The maximum-lift 
increments f or the 12-percent- thick sections iwre only about three
fourths of that for the 16- percont - thick section . The maximum. lEt 
coefficient for the thicker section with flap deflected is a-001;.t 
the sa.':le as that obtained for the NJ\C": 23012 airf011 in the nO'll 

obsolete Langley variable··densi ty tLmnel (referonce 47) and in tho 
Langley 7- by 10-foot tunnel (refer ence 48) . 
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Tests of a number of slotted flaps on NACA 6-series airfoils 
( supplementary figures and r efer ence 49) indicate that the design 
parameters necessary to obtain high YtJ.a.-..::imum lifts are essent~ €Illy 
s~_milar to those f o!' the N!~CA 230- neries sect2.ons (references 50 
8...Tld 51) . Lift d.ata obtainecc for tYl)ical h:l.ne:,ed Single· slotted 
O.25c flaps (fiC; . 55 (a ) ) on the NACA 63,4-420 airfo.il 8!'e I Jresented 
in figure 55(0) . A maximum 11ft coefficient of approximately 2.95 
1vas obtained for one of the flaps . Lift characteri8tics for the 
NACA 65"1 -118 airfoil fitted with a double-slotted flap (reference 1~9 
and fig·. 56 (a) ) are 'pr esented in figure 56(b) . A l:laxlmU11. Lft 
coeffic:l.ent of 3 .28 was obtained . It TilEy be concluded that no 
special difficulties exist in obtaining ~1igh may..imum lift coefJ:'ic ien·~ 
wi th slotted flaps on moderately thick NACP. 6-series sec t.ions . 

Tests of airplanes in the Langley full-scale tunnel (reference 4h) 
have shown that expected increments of maximum lift coeff'lcient are 
obtained for split fla::'8 (iiG . 5"() 1ut no ·" for dotted fl8.ps 
(fig . 58) . This fa::'lure to obtain the expected maximum-lift increments 
,,,ith slotted flaps may be attributed to l.naccurfi.c~es of flap contour 
and location, roughness near he flap leadinr.:; edge, le&kage J ~nter

fer ence from flap supports, and deflection of f18:9 and lip under 
load . 

Lateral-Control De-..rices 

p~ ade~uate discussior- of lateral-control devi ces is outs:de 
the scope of this re~ort. The following brief discussion is 
therefor e lim:i.ted to con :1.derations of effects of airfoil sha:pe on 
aileron char acteri tics . 

The effect of airfoil shape on aileron effectiveness may be 
inferr ed from the data of figure 59 a.'1d reference 52 . The .sed_on 
fla:;.J - effec.Liven8ss parameter 600/65 is :;:lotted against the-
ailer on- chord ratio calc for a number of airfoils of different 
type in fibure 59 . Table III) vhieh presents supplGUlen..l.:,ary 
.nformation reg!li'ding the data) is rlaced olr;osi to fit;UT8 59 to 

:'ac:ilitate its use . Also Sh0'11 in this f .igure E'.!'e the, theo:.'et:::'ca1 
values of t he :farametcr .. or thin airfoil. The data shovr no lu.r~e 
consJstent t:cencls of a.'; leron-effectivenes< vaT.L'tion vi th alrfoil 
section for a ,vide ranGe of thicfu""1.CSS distribut, ons and -chick..'1cs"3 
r atios . In order to evaluate a.ile_ on characte:rlst-ics from sect,ion 
data, a method of ana.l ·sis is necesc8..i.'Y that 1-Till 1eklCl to :i.~E:sul ts 
comJ?arabl e to the usual curves of stick ferc€; e.gains-c heliX an • ..:.;le 
pb/2v for threG -d:;'mensional data . The arlalysis that fo1lo;·78 is 
cons idered suitable for comparing the relat -Lve merits of aile:rons 
from t..TO - dimens :L onal data . 
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Two-dimimeion.3.1 data are presentee. in the form of the 
equivalent c lange in section angle of c..ttaclc [:,ao ·required to 
maintain a cons:'r.:mt coection lift coefficient fo:;.~ vari.ous deflections 
of the aileron J. r om neutral . rrhis equi vale!lt, chanese i n all...gle of 
attack i.s ·:plotted. against the h-!.nge - moment }Js.t'ameter 6.cRc, "Thieh 

':'s the pr oduct of the a .... le1'on deflection from n eutrcd and the 
. resulting i nvrement of hinge-moment coeft-.cient based on the 't.'"ing 

choro. . Til:: s method of ana.lysis ta1(es into e.ccount the alleron 
effecti~'eness , tDe hinGe momentc , a nd. the poss:U)le mech8.n.i.,~al 
advantage between the controls and. the a.i.leronc . The larger the 
value of 6.00 for a gJven value Ol~ the htnge -moment paramet.er, the 
I10r e adva!lta 'Yeous the comb3.nation should be for provliine; a 1,:;.r8e 
val~le of pb!2V f or a given contr oJ. for ,(3 . The a8sumpt.Lon th8.°~ 
the aileron o:;:-el'ates at. a cons tant li:!,'t coeffJcient as the i. rplane 
r olls :"12 not entirely corr(3c ~,:" hmvever, GIld in701Yes an over 
estimation 0 the effect of chmgl1 e em ~le of attack on the h inge
moment coefficient . In addit~on, the S~LU1 of ~he eilGrons and 
other ::,")0831b1e throe-dirr.enGionaJ. er'fects E.2:'e not considered . In 
spi \.,e of t he.3e l.na~cure.c~.es , the method [ll·vvid.es a u.'3E:;ful means of 
com:,;Jar ing "'he t~.yo -diL1ens :r. o" aJ. c _arn.cteX' ::'f5tics n:" different aIlerons . 

For the 'Purpose of evo.luating the effect of aJr foi: ~hal>e on 
he ailer on chart.c teristlcs ) i t is deuir able to malce the cOlapm:-i.son 

i;ith unbalanced ailerons to avqj.d confusion . Plots of the l·arameter s 
:01' plain unbalanc ed flaps of ' trua airfoil cuntour on three atrfo~l 
sec-i.;ion s are shown in fidu.re 60 . T"lle chFlre.cte~ist~.cs of the 
NACA 66 (215)-216, a = G.6 sec t :' on are e..;se:1ti.:J.11~- the same as those 
for the NACA 0009 airfoil wi thtn t· ... e .canr;e of d.eflect~ .on for i-rhi ch 
data are 8.vailabJ.e . . The NAC.£'" 6~>,2 -( 1.4)(13 . 5) e.irfoil 8ho\012 

appr eciably 81:nal1e.r values of 6cRo for e. given value of l.\0'O 

t han t.hE other sect1.ow' presen :cE,c. . No explunation f or this 
difference can be offer ed, althO'L:gh some of the d1.fference Dlay r esult 
from the fl J.ight.ly sOO:.1er chori of t~e fle:;:) for this combinaticn . 

The effect ... of using str aight - sldod aileron s 'nstead of 
ail er ons of l:.:r'1.le air foil contour ?J.~ e nhmm in figure 61 fo:: bm 
!I;JI.CA 6 - 13er ies airfoils·. One of th0 t,;.;Q combinations for wh::.ch data 
are available was provided nth an interne.l oalfulce whereas tl10 
other coml'ination .;ras without balance . 'I'hie difference :r-revents 
any comparison bet;..~ee·'1. the two combination,:> but does not ar'i"ect 
comparison of the t i·ro contours for each case . For the 
NACA 66 (215) -216, a = 0 .6 airfOil, the straight-sided a~leron ha3 
more desir8b:~e characteristics for th r c..nge 01' deflectiorm for 
wh i ch data a.re availabl e . I t appears, !1ov1ever, that t..'1e st.raight
sided aileron -;vou1d bo l ess a(lv&nta.!<:eouf' thc.n the aileron of true 
contomn for yOGi tive deflec t .LoZls ('r~ater then 120 . In -eho caSG of' 
the NACA 63,4-1+ (17 .8) ai foil , t.ho straight- sided e.il.oron a I.pears 
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t o have no advantc.ge over t he a.i..':'eron d' true aj:::,foil contour. 
The advantage of using .st::-c.i3ht -8::'d.ed aileronE' a::"pear:3 to depend 
markedl ;r or. the c:irfoil u3ed bu t suff i cient data are not ava:l.la"ble 
to determine ~he ·sj.gn ificant a i rfoil :parame tera . Fi3~u'e 62 shovTs 
t he.t i n one case t he effect of l ea.dt ng-edge rou3hness on the 
aileron cha r acteristics is l.mfavor able . 

LeadlD.g··Ed.Je Air Intakes 

The probJ.em of c.esj suing satis:'act,ory leadi.ng- edge air intakes 
is to main tain t he 11ft) d.r8.r~ ) an.d crit:i.cBl-speed character istics 
of t he sections ,,7hl1e proviclinf"j lov! ;i.n~~ake losses over a wide ranGe 
of l ift coefficIents ill1.d into,ke veloc Hy ra t .:.os. 'Ehe da~a of 
ref~rence 67 r::hoy; that de~~. :::, .ble intake !04"'ld drag cha:ro.cteristics 
can easil y be mai n t ained ove:r a rathe:." small range of lift 
c oefficients fo-r IV-\CP 6 - series airfoL.s . The de,ta of reference 67 
Sh OH t hat t he intake losses l.ncre9.se r apidly at moderf'tely high 
l ift coefficients for the sila,res tested. Unl,ublished data taken 
at t he La.."1.t';le~r Le-boracar y imlicate t hat shapes such as those of 
refer ence 67 have 1m., maximum-lift coe:ff LciE:nts. Hecent data shm. 
tha t a ir- int ake sha1~es caD be prov,:,c.ed for Euch airfoil sections 
with desirEtble alr ··intake characteristics and. \·rithout 10s8 in 
maxi.mum lift coefficien t (fi (~ . 63) . Some lll'eSsv.re-distr.lbution 
data for the air tnte.kes s~101m in figv.re 63 indicate tha:r. the 
c r itical s peed. of the S8ct2.on has been lowered only slightly and 
t hat f all irLg pressur es i:::1 tho direction of flow were maintal.ned 
f or some d istance from the lead~.ng edge on both surfaces at LLft 
coeffi cients near the de"ign 1 i..ft coefficJent for the section . 
Suffi cient info:-me.tion is not 8.va::'lable to ::,;ermj t such desir9.ble 
configurati ons to be desiQ:ed ' ithout e:~J)er;ment3.1 development. 

Interference 

The main problem of i.nterferonco at 1m·, Mach number8 .~8 con
s ider ed t o be thu.t of avoid:'n.:;- bOl'LTldar y - layer Se2Brs.tioll reEmlting 
from r apid f1m·, G:~qJent,icns cauGed by the addition of ino.uced 
veloc i ties about bod.ies and the bOl'..."'lde.ry-la;yer accumulations near 
j,n ter sec tions . No r ecent sy~tematic inv8stigations of interference 
s uch as the invest.igation of r e:i:'erbnC(; 68 have been made . 

Some tests have been made of ai r foil sections ,{.'. th intersecti ng 
flat plates (re:':croncc 69) . TheBe cor.si£UTat::.ons may 'be considered 
to r epr esent 8,p}.1roximately the condition of a. ying int.ersection .... ri th 
a l arge f l at- sided f'tl8elag8 . In this caso; the interference ooy be 
cons ider od to rE.',sul t f r om the effect on t.he "ri.ng of -i,:,he fully 
developed turbulont boundary l ayer on t~L fusolage or flat plate end 

l ____ _ <:)7 -- . 



the accumuJation of b011.ndal'Y l ayer j;n the in·cer sec tion.. These 
t ests s howed little inter:'erenc e e:-:c.ept in cases for 'Thich the 
boundarJ laye::~ on t 1e air foil alone ,,'as apI-roa h i ng concU t·ion s 
of separe.tion s uch s were nQted with t he less c'om:ervati ve air
foils at moderately high lUt cgeff:lcienm. 

Some scattered data on the characteristi cs of nacelles 
mount ed on air'foils permi·~ting extens ive laminar flmv are presented 
i n references 70 to 72 . '1'he data aJ.peaT to j.ndi cate t hat the 
1ntel'fel'ence .: r oblems for cOllservaU ve N:\CA o-ser ies sections a re 
similar to those enco1Llterei i· ... i t h ot.her t~'1'es of airfoil . The 
deta il shapesfm opti..m1J:'u :nterfering bodies and f:'.llets may, 
however., be d ifferent for va::,iOl~S G6ctj.ons 1.:;:' local excessive 
expar..sions in the flmv are tc bo a·,'oideu., 

Some lift B.nd dr ag data for an a":'rfoil ~/lith pusiler - l,r olJeller
s haft housin,~p ar e J.lresen·~ed in re.l. erence 73. These resuJts 
i nd:icat e t hat }:,rotubc"8.11.ces near the tra':'line; ed.ge of wings should 
be car efully desig...l1.ed t o avoid Ulmece8sary drag increments . 

Another type of interference of l-articul81~ .importance fo r 
high-speed airpla.nes results in the r ecluction of t he cr itica l 
]\1aC_1 number of the combination oeca1..'.se of the addition of the 
:...nduced velocities assoc l.:,ted "J1th ach body (reference 74) . This 
effect may b e kept to mJnimu:.ll by the URe of bodies 'ui th lm1 
induc ed veloc : ties , by se:?areti on of lnterferi~g bodies to the 
grea test possible extent, and. b~.r such selection 8...11.d a rrangem.ent of 
c ombinations tho t the :pointG of maximtull induced velocity f or ea ch 
body do not coincide , 

De tail consider ation of the ve.rious factors affecting idug 
design lies outside the scope of t his reI-ort . The foJ lm>ing 
dis(;U8Sion is therefore l:nU.ted to f:l Oine iID})Ortant o.erodynamlc 
features t hat must be considered in the 8.pplication of i~he data 
pr esented. 

.A}?)l:tcation of Sc·:;tion Do.to. 

1-ling character i.stics ar c u oue.lly predicted f r om airfotl
section data by use of methods bDsed on cimple lift l.ng-line t heory 
(referencos 75 to 78) . ApI)licatic-n of such methods 'to 'Irings of 
conventional phU1 for m , ~L thi)ut sra.nv:;"sG l:"econt j.nui ties y i e lds 
resu.l t8 oi' reasor.able en;51nee1'1ng accuracy (refer ence 79) , 



... 

especiaJ l y with r egerd to such ·.IDpor t.:mt che.rac::.te~lstics as the 
angle of zero lift, the l:}.ft-cUI've slDpe, the pitching moment, 
and the drag . Bb.s:tcally similar methoele not reot>.lring the 
assumption of l :i.ne.3T sec tion lift chare~-;:,er-,-stics (references eo 
e.nd.81 ) appear capable 'of yield ing r esults of greater e.ccvracy, 
espec ial l;y at h':'gh lift coeff ic jents . Fnrther ref~ne!Jlent may be 
made by consideration of the chor d ·rise dtstribui..ion of lift 
(r eference 82) . lVir..gs ,,,ith J.arl.;e amo'llts of s~ ... ee:i? require special 
consider ation ( reference 83) . 

The usual 11ing t:.180ry ass'JmeG that the result-cnt air force 
and mor,J.en-c, on any vinS section are f·,mct::.ons of only the section 
lift coef fi c ient (or angle of attack) and the seetlon sh~pe. 
Ac :;or ding to t h is assumption, the D.il~ forcee and moments on an;y 
section are not affected by ad.j&.cent rections or ot.her :'eaturcs 
of t.h e w':'Y'..g except as such se;:;tions 0:;' features af:'ect the li;t 
distr ibution an et thus the local lift of the 88C1.:10n uJlder con
sider ation . Those a..3sum:r-tions ob'riously are not va.lid near vT:ine; 
tips , neal' dissont:.nuHies in deflected fla:;Js or alleroIl(:, n.ea:c 
disi,-;nrbing bodies, or for ~·'ings vrl th ~roI)ou..."1cod. S Hoe} or s·J.dden 
changes in pla.:."l form, sectj.or.., or twict.. U~1der such circv.mstcnces , 
cr oss flo lS res1ut :in Ii brefJ.kdo;..'ll cf "ehe concept of two-dilnenslonal 
flmi oYer the a5.r·foil sections . In addition to these cross flows, 
induced effects eA:ist that are e<iuivalent to a ch8l1,3e In caI'lber. 
Such effects ere pa.rticu:.i.arly marked near -;;'he vTinZ tips for 'wings 
of normal plan form and for Hin.s of low as}ect ra.tio or unus-aal 
p l an :or.n . Lifting-surface theory (see, for eJ:a.'U:ple, reference 83) 
pr ovides a lUeallS i'or calculating ving c!1/:.racteristic& more 
a ccuratel;;; than the simple liftinJ- line theory . 

Al though syan load iistrt-but.-.on3 caJ.cuh;.tpd for ,·rings with 
d isconti nui ties such as are found 'I .. ;ith 'p6rtial- spe-n flaps 
(refe:,:ences 84 and. 85) ;"'1[l.' be su.ff·~c:Lcnc:;ly ac cta'a'Je f'or structural 
det:l5 gn, such diRtri butions are not SUl table fOl' predlctl.ng D1a."'.{imum
lift and s t all ing chao acter is t:l..cs . Unt"'.::'" sufficient d.nta are 
ob te.ined to permit the predlct10n of the maximum-lift and stalling 
cha r acteristics of 1vings ~;t -;:' .. 1 disconti:lUi ties, theSE:; characteristics 
may bos t be estimated from pr eviouB results 'fith similar wiIlBs or, 
i n t he case of unusual config'ITatiol1.s, should be obtained by test . 

'I'he characteristics of intermediate 'Vrl.ng sections must be 
kno'V;n for the appl i cation of 1rT.i.ng theory, but data for such sections 
ar e seldom avai~G.ble . Tests of a number of such intermediate 
sections obtained by several manufacturers for 'HngS formed. by 
s tr8.iGht~line fairing have indicated that the character·~st:i.cs of 
s uch sectioI1~' may b8 obtained vrtth reasonable &ceuracy by 
inter polat:i.o:n of the root &:nd tllo characteristics according to the 
thickness variation . 

59 
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Selection of Root Section 

T:'1e chaC'acter il:lti.cs of a -wtr:.3 a.re c..ffected to a larGe extent 
by the r oot z0ctio:1. . I n t he caRe of t~.pered wings foxmed by 
straight-ljne fairIng, the :cpsult1.ng nonlDl.ear variation cf section 
along t he spar.. causes the sho.pe:J of the sectlons to be r:~ed.oUlinantly 
affected. bJ the 1'00t , 8ct';'on over a ' lc:.rge Pill~t of the i'rin€:, area . 
The des i r r:.b ili ty of ha- jng a th:i.c k wing 'chat p:covides spo.ce for 
housing fuel and equi)ment and reducen s·,.ructural ,,1eight or permits 
large spazlR .1suaJ.ly 10E'd.z to ttle select ion of the thickest root 
section t:o.8.t ts e:::'od' TIamj calli feasible. The compar atively small 
variatto:::1 of minjmum drag coeff::'cient with t..'l:ticlaless ratio for 
smooth e.irfo:Lls j.n the nmmal rfu"1 'sO 0; t1 iclWleos :cat.ios and the 
maintenance of h1gh lift coefficient i'CJ.~ th.!..ck se tions v: th flaps 
deflect ed usnally res .... ll t i n li:ni tation of thickness r atio by char
ac t6ris ti.cs other than m:::.xil"lU.Dl l:'"ft >: d. m":':1. imum dr2.g . 

The cri t5.ceJ 1I1e,cll nurr.'ber of t1:8 eectio:::1 is e1e nost s~rious 
limHation of thiclmes8 ratio I'or high- sreec. a':"rplanes . I t is 
des i r able to se 1 eet a root sec tion "d. th a c1'i t:cal Ma ch nuniber 
E' uffic ~.ently h1.3h to avo~.d ser .ous dyag in , reaSeS r esul tine from 
comr-res sibiEty ef::ec'!:'s at t he hiohest levol - fliB;ht sr.-eed. of the 
air J;lar18, allowancE) being mo..d.6 for the ':::'ncreb.sea. veloci t;y of floVT 
over the wi:::1g r s:~l ting from .i.nte:"ferenc& of bodies and sL.pstream . 
Avu.ilabl e duta inrlica.te that a small marg;n exists beb-feen the 
cri t.ical Bach munber and the Mach number &t ,,,hich the drag in ,r eases 
s!'J.arply . As airplane speeds increase, it ecomes incroasingly 
d ifficult and. f::'nally imposr3ible to o.voj.d t he drz:.g increases 
r esul ting from cOillJ,r essioili ty effectE' 'by reduction of the airfo:i.l 
t h i ckness r~~tio . 

In t:r..e cases of airrlan6s of s ·t.l.ch ~m{ SlJoeds that compressi 
b il1ty cor~siderctions do not limit the thicknvGS r atio to values 
l ess than a'bolAt 0.20, the mc..:ximum th::'ckr .. oss r a,t.io is liml t; d b;y 
excessive d2,~ug coefi:Lc },entl-3 t~t. mod.erat.o 2:'."lCl. h113"" 1ift coeffic~.ents 
w th the 8Ul"fQ.ce~1 r O'.'jh. In ~.:.he"e caLas, the ac [;·;.~al surface 
condi t,j,ons expocted :':'0 1' th& alrr-lane s· _ould bo cons i.clered in 
selecting the Gectjon . Cons.i.J.erat::'on shouJd also be gjven to 
1.Ulusual conai tinns such as i ce) mnd, and d.e;.maGe cau3od. in mili texy 
combat, especiall;y in the case of muJ.tivngj,ne ab:planes for ,·,hich 
ab11i t. to fly undar ouch con:1i t:'ons 1. ~ d.esL cd 'loTi th one or more 
engine s ino::.-er a'(,j ve . In cases f or \·,h:i.c1: root sections hav~.ng large 
thickness r atios ar e unler consider ation to pormit the usc of 
h igh aspect r a.tios, a 2,"oa1 8'(;lc ar;;prt'160.1 rf the c.rag coe ~fic ients 
of euch sections .vi th thG expected ;:mrfc:.c e conditions c.t moderately 
h1gh lift coefficients will indicE.te an op-c.imurn aspoct r atio beyond 
which c orrespondtng inc r eas· s in as;,;cct rat~o and root thicknoss 
r atio will result in rednced l ,er :.. ornan~G . 
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Inboard sections of wlnge on conventiona l air planes are 
subject to inter ference effects and ma:'t be in the pro:;?eller sl.ip
stream . The w::'ng surfaces are likely to be rOU3he::1ed by access 
doors: landing - gear retraction wells , and armament i nstallations . 
Att ainment of extensive l.:uninar flows is, therefore, less likely 
on the i nboard vine; panels than on the outboard panels . Unless 
such effects are minimized., I tttle drag reduc tion 18 to be expected 
from the use of sec tlon :"' perm:' tting extensive laminar flo,,-. Under 
these conai tions , the us e of sections SUCll a s the RACA 63- series 
w'ill pr ovide advantages i f the sections are thick, because such 
sect~_on8 are more c on s ervat i ve than those permi ttin5 more extensive 
laminar flow . 

Selection of '.i:ip Section 

In order to promote desirable stalling character istics , the 
tip section shoul" have a .h igh ma..'Cimum lift coefficient a.nd a 
large r ange of angle of attack 'oeti'leen zero and maximum lift as 
compared v1i th the r oo t section , It is a1::;0 deE irable "that the tip 
section Etall i·~it~iout a large su Lden loss in lift. The attainment 
of a hiGh m.wc";.uw:J. l~ft coeffioient is often more clifficul t at the 
tip sectj.on than at the r oot s ect ion for "C&pered 'lings because of 
t he imler He;ynolds mmiber of the t:Lp section . For "rings with small 
camber, t.ho most efI'ecti ve vray of increasing t..he section IDa.x.i.mum 
lift coefficient is to :'ncreare the camber . The amount. of camber 
used will bo limci.ted in most cases by either the crit ical-speed 
r equir ements or by the requirement. t h3.t the sec-t-ion have 10"" drag 
at the high-s~eed lift coefficient , 

The selection of the optimum type of camber for the ti:p 
section present~ pr obl ems for i-[hich no catergori.cal a;"lswers ca...J. b e 
given on the basis of existing data . The usc of a type of cambor 
that imI,oses heavy l oads on the ailer ons complicates the des-,.gn 
of the lateral- control system and incl~ea8es its ,·;eight. The use 
of a type of cam.ber thr..t carries tile lift farther forTlard. on the 
section and. thus r elieves the 'ailerons vTill , hOTrever, ha"J"e little 
effect on the maximum lift coefficient of th8 section unless the 
max:!.m1X)l-camber position is well fonTard, as for the NACA 230-series 
sectj_on'"' . In this case a sudden l OE::s of i.ift at the stall may be 
expected . Tne effects 'on the camber of modifications to the air
f oil contour near the t r ailing edge , ·hich may be made in designing 
the ailer ons, should not be overlooked in estimating the charac
teristics of the wing . . 

If the r oot sections a r e at least moderately thick, it is 
usuall y desire.ble to select a tip section with a somovlhat r ed:lccd 
thickness r atio , This r eduction in thi ckness ratiO, togct..11er "lith 
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the absence of induced velocities f r om interferin g bodies, gives a 
margin i n c1'i ttcaJ. s1 eed that permi ts the C8l:1ber of the tip sec ti on 
to be i ncreased . This reduct ::'on in thickness ratio vHl probably 
be l imited by the loss in maximuDl l'ft coefficient resul t1ng from 
t oo thin a section. 

A Slnall an ount of aerodynamic 1.,ashout may also be u s ef\u as 
e.n aid i n "{;he 'a voidance of tip stalJ_ing. The pe!'lilissibl e amount 
of Tashout may not be limited b y the increase in induced drag, 
1{hich is small for 10 or 20 of 'ITO.shout (reference 75). The limiting 
I{'.s hout may be that whi ch causes the tip section to oper ate o',xtside 
the lmr--dr€'.g raIl6e a t the hioh- speed lift c oefficient . This 
limi tEl,tien may be so severe as to require some adjustmen t of the 
camber to penni t the use of any I{ashout . 

A chal1ge i n airfoil sec tion between the r oot and tip may be 
desirable to obtain favora~le stalli n3 characteristics or to uuce 
ad.var..tab8 of ~he greater ex t ent of l aminar flol-T that may be possible 
on the outboard sections. 'l'hus, such cOlJlbinations as an 
Nh.CA 230- ser ies r oot sec t ion with an IiJI:.Ci\ 44- seri.eG tip 'section or 
an ::~ACA 63-seri es r oot s ec t i on with an NACA 65-s'eries t i p section 
Iru y be des J.r able . 

It should. be noted that t h e tip sections may easily be so 
heavily l oadect by the u se of an unfavorable plan form as to cause 
tip stalling with any reasonable choice of section and washout . 
Both h igh t.a· er r atj.os Eti1.d l p...rge amounts of sweerback a r e unfavora"ble 
in thi s r espect and a r e parti cularl ' bad when used toge ther, becaus e 
the resulti ng t"ip stal l plnomotes longi t1ldinal ins t abili t y at the 
stall in addition t o the usual lateral instability . 

CONCLUSIONS 

The follmvj.ng conclusions may be drawn f r om the data pr esented . 
Most of the data, particu:J..arly for t he l ift, dreg, and pitching
moment chn.r9-cteristics, wer e obtained at PeynnlG.s numbers from 
3 to 9 X lOt) . 

1. Ail"foil .sections jJerlJlit~:., in0 extensive laminar flow, such as 
the EACft., 6- and. 7 - e6r:Les sections, r CGul·t; in substptl1 tial r eductions 
i n dra at hig.."h - sp0ed. and cruis ' ng lift coeffic:'ents LiS compared 
Hi th ether sect:LOns if) and only if' ) the ,;ring c 1.7.rfaceG EQ'e fair 8.J."1.d 
smoot.h . 

2. Ex:;erience w'ith fLG.l-sL:c Fingo has shmm. that extensive 
laminar flovTS a r o octa:'nabl e if the surface ,fin~sh is as smooth as 
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that provided by sa.."'1dlng jn the chor dwise direction lith 
No . 320 cf'.J:'borundum. paper and if the surface is free from small 
scattered defeG -cs and specks. 8at::'sfactory :r-e:,ul ts ere usuctily 
obteJ.ned if t he &urface 1.8 9ufficiently fa:'r to perm._ t a straight
e dge to be recked smoothly ::"n the chord;'T1..;;e direction "Tl thout 
Jarring or c::"i c--iI16. 

3 . For ,·dngs of moderate thickneE18 ratios with surface 
condi t j.ons correspond i.r..S to t~1os e obta.i ned vri tIl c1.irrent ,,0:1 -

strv.ction me thod.s , mini~l '1 drag c oe!f:lc ient& of the ol'der Gf 
o .0080 ma~~ be e;:pected . The va.lues of the minimum drag coeff:.cient 
for such ;.;rings depend prl marU_y on the surface condi t10n rathel' 
than on the air foil section . 

4. Sub3t&'"ltial re(2"t~ct.l()n8 in dr&g ccefficient at h igh Re,7JloJ.ds 
numbere may be obta' ned. by smoothing the wi.ng Gurfe.ces, e',ren if 
extensi ve l~iner flm·! 10 not obt2.ined . 

5 . rrhe max'mULl l i ft coefficient8 for nVJderately cF.L'11bered 
smooth NACA 6 - ser ies airfoile ',Ii til the u:r; ifO!"lll-load type of m09.l1 

l ine nre as r;i3h as t hose for NJ:.CA 24·· and. 44 - ser:'_e6 alrfo':'ls. 
The NACA 230 - series aj.rf0ils have some,\<ih2.t higher ma~dmum ::"ift 
c oefficients f or t..h i cJmefs rat j.os less than 0 . 20. 

6 . The m.a.ximl1In lift coefficients of a':'rf0:l1s with fi .... })s ore 
about the srun.e for madeY'ate] y t h ick N[~CA 6-ret':'.ed sect.i.onB as fo:c 
the N.":.CA 2 3012 section but f~p}e3.r to to com.:~ .. (.;Y'ubly 10w'er for 
thinner NPCA 6-serjes sections. 

? T:te lift-curve slopes for smooth ~~ACA 6-:::er _68 a':':doile are 
slightly higher than for NJl.CA 24-} 4~.-, end 230 801';:,e8 airJ.'o.i.ls end 
u ::mally exceed the theoretical v2.1ue for th:in airfoils . 

8 . Le.3.c1ini; - e<.'l-ee rouchneS8 causes lerg0 reduct:..ons in mcY..:..nllllil 
J_ift coef'fic j ent :or both plain a ir-fa l l::: a~ld :::.irfoils equi}Jlx.:d. 
wi th SI,l i t. flaps deflec ted. 600 • The d.ecremen t i..'1 m:J.Xiuv.m 1 ift 
coeff5 c ien t resv~ tine from 8tfu~dal'd roughn68s is 8s8crrt.ial:.y the 
same for the plain ai.rfoi l fJ 8.3 for the airfo~ 18 bCl.u.~p:ped. v1 th the 
600 ~):t:l i t flapf; . 

9 . The efi'ee (, of leading·-edgc roughness ::'8 to decl'oase the 
l i ft - curve s l ope , :r;a-rticulal'ly for the thicker s(,etions huYing 
the posl tion of mir.L:Unvm r-ressure f ex be.ck, 

10 . Chu-ac ter ls';'-'ic5 of air foil sections wi -eh t.he expected 
surface condi t iol1G mw:~t be }:novm or esti mated to pro'; J,de a satiR
f a ctory banis for the predlctioll of t .he ch~ractel'13ticG of l,Jre.cT,-,-cal 
c onstruction "\-Tin.<3S 3_'1d ·(,h0 selection of' airfoils for such \-1ings . 
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11. The Nt.CA 6- s er:.e s ai:d o·ols pr ov ide higher critical Mach 
n IDlb e r s f or high- :3peed wd cruis::.ng l ift Goefficients t harl ea.r lier 
types 0:: sections 8!ld have 8 r e "i..:lcnable range of l ift coefi icaent s 
wi t h :'n -,ihich high crt tical i'iach n'lAIllber s ,",-a~' be otta:Lned 0 

12 0 The Nl' C,~. 6 - s eri e s s e ction s pr ovic_e ower :,)r edicted cr:~ tical 
Mach number s at mod e2.'ate l y h igh lift coef:n 1c::'en-;-;8 than t lle ee.rlJer 
t ypes of sections 0 The I l L i ted dat a availeble s'L1.ggest, howe rer , 
that the NACA 6-"!er ies s ec '"ions re'tain satisfe..ctor - lift charac
t e r iGtics up :'0 ~ igher ."I&ch number s t han. 'Lhe ear l .iel' sectiono 0 

13 0 The NACA 6 - 2er :.e s a irf oils do no+ a:?pear ·to pr eoent u-''1.usual 
pr ob l ems '\Vi t h regar d to t he 8.}'pLc8.tion 0_ a.ile~onG , 

14 , ? l'ob lems associated vri th t he avoi.dance cf 0unda r y - J.ayer 
separation caused b y i n t eri'erence are expec ed to 'I)e sim'llar fo r 
c on servat.ive :JACA 6-se ~ te,3 s ecti0ns and. other sood airfoils 0 Detail 
s hapes fo r optimum lnter fering bociies and I'i llets nay be ciifferent 
f or various sec tion s if l ocal exces s i ve e~:pa:l8ions. ";'n the flm-oj d ' e 
to be ayoideo. o 

15 . Snt i.::;factor y l eading - edce atr intake E:' may be lJr ovidGd 'or 
N CA 6 - ser .ies section s , but i nsuffic i ent info:rrJlat~on ex-i.sts to 
allovr s uch intakes 'Co i)e design ed wj.thou t eX'~er::.mentE',J. 0.evelo}..ment . 

Langley Memor ial Aer on:=\.Ut-i..co.l L':!.bo:::"2tory 
National Advisory Cornmi ttee £'01' :.ero11lmti;:;:'3 

Ianc1ey F:el c:. , Va . 
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APPEND :LZ 

ME'l110D3 OF OBTAIND'JG DATA I N THE Ll\lTGLEY 

Tltro ··DIMENE3IOIJAL LOH -TURBULENCE TUNNEI..8 

By Milton M. Klein 

Description of Tunnels 

':The Langley tvo -dimensionE'.l 10lv··tu.rbulence tunnels are closed
throa t .. rind tunnels hav:lng rec tangular test sections 3 feet .. Tide 

a...'1d 7~ feet high and are desJgnec't to test model .) completely 

spanning the width of the t unnel in t-;m-dimensional flo.r. The 10'.-T

turbulence level of t hes e t u.rmels , amounting to only a few 
hlmdred ths of 1 percen t , is achieved by the lar(~e contraction ratio 
in the en trance cone (approx . 20 : 1) arld by the introduction of a 
n1J.lIlber of fine -wire small-mes h tu:-cocl.lence-reducing screens in the 
wi dest par t of the entrru1ce cone . ':The chord of models tested in 
these tunnels is usually about 2 feet, al thOl1gh the characteristics 
at low l ift coefficients of models having chords as large as 8 feet 
may be detenni ned. 

T'ne Langley two - dimensional 10H- turbulence tunnel operates 
at atmospheric pressur e and he.s a maximum speed of approximately 
155 miles per hour . The Langley t.to -di mensional lOyl- turbulence 
pressUl~e tunnel operetes a t pressures V.p to 10 atmospheres absolute 
m1d haG a maxim~m speed of approximately 300 ntles per hour at 
atmospheric pl~e ssure . StELT1c.ard airfoil tests in this tunnEl are 
made of 2-foot-chord VTooden models up to Reynolds numbers of 
appr oximately 9 x 106 a t a pressure of 4 atmo€~heres absolute. 

The lift and drag characterist:i.c f3 of airfoas tested. in these 
tunnels are usuaJ.ly mem:ured by methods other the.n the use of 
balances . The l ift i8 eV'-vluated from measurements of the pressure 
reactions on t he floor and ceili.ng of the tunnel . The drag is 
obta:..ned from measurements of sta.tic and toto.l ~.'reGsures in the 
,,,,ake . .r.-loments are ucually measured by a balance. 

Al , A2J ..• A 
n 

a 

Symbols 

coefficients of potentia1 function for a 
s;ymmetrical b ody 

frac tion of chord from leading edge over which 
design lond is uniform 

l 



B 

c 

C I 
d 

cIlle /4 

F 

t 
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dimensionless cons tant determLn.ing Yitd th of wake 

chord 

drag coefficient corrected for tmmel-,:·rall effects 

drag coeffic ien t uncorrected for tmme]_-,yall effects 

dr~~ coeff ~cient measUloed ~n tmmel 

section lift coeffic~ent corrected for tUtlIlel -wall effec ts 

sect :~on lift coe~ficient ll."lcorrected for tunnel-viall effects 

design lift coef.Licient 

l ift coeff i cient measu::'°ed in tmmel 

moment coeffic j.ent about quarter-chord point corrected 
for tu."lllel -i·rall effects 

moment coe::ficient about quarter-chord point measured 
in tunnel 

average of velocity reacUngs of orifices on floor end 
ceiling used to measur e b locking at high lifts 

Fa aver age value of F in lov- lift range 

f potential. fllnction used to obtain 1~ -fa.c tar 

Ho total. pressure in fron t of a irfoil 

Hl tot al pres eure in wake of airfoi l 

Hc coefficient of loss of total pre ~ sure in the 

(Ro - Hl\ 
wake .( - ---) 

qo 

maximum va lue of Hc 

hT t~~l height 

cd
l 

K ==-Cttr 
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L true lift resulting f r om a point vortex 

L t lift assoc' ate('~ ,ri th a point vortex as measured by 
integrating manometers 

ill upstream limit of lntegration of floor and cej.ling 

n 

s 

s 

u 

v 

6V 

v' 

VII 

v 

w 

x 

y 

y 

pressures 

downstream limit of integration of floor and ceiling 
pressures 

resultant pres8ure coefficientj difference between local 
upper - and lower- surface pressure coefficients 

static pressure in the wake 

f~ee-stream dynamic pressure 

(, .. \~ "_1 static-p~essure coef~icient \~ ;I 

(Ho - Pl\ 
static-pres sure coeffj cient in the wake \'-~-J 

distance along airfoil sl.U'face 

velocity, due to row of vortices, at any point along 
tunnel va.lls 

free-stream velocity 

increment in free -stream. veloci t,Y due to blocking 

correc ted indicated tun."'1.e l veloc i ty 

tunnel velocity measured by static-pressure orifices 

local veloc:ty at any point on a i rfoil surface 

potentjal function for flow past a symmetrical body 

distance along chord or center line of tunnel 
/ . 

( 
BYw') 

vadable of integration 
, c / 

distance perpendicluar to stream direction 



Yt 

z 

ct ' o 

r 
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ordinate 0: S3'!llmetrical tnickness distri~)Utlon 

distance perpendicular to stream direction from position 
of HCmax 

slope of surface of symmetrical thickness distribution 

complex variable (x -:- iY') 

angle of zero lift 

section angle of ettack corrected for tunnel-wall effects 

section angle of atteck measured in tUIL'tlel 

stren~th of a sin81e vortex 

r atio of measured lift to actual lift for any type 
of lift distribution 

11a TJ-factor for additiona.l.-type loading 

11'0 Tl-factor for basic mean-line loading 

Tlx l -factor 3pplying to a point vortex 

A component of blocking factor dependent on shape of body 

S quantity used for correcting effect of body upon velocity 
measured by static-pressure orifices 

cr component of blocking factor dependent on size of body . 

¢ potential functiorl 

~ stream function 

Measurement of Lift 

The lift carried by the airfoil induces an equal and opposite 
react ion upon t he floor and ceiling of the tuxmel. The lift may 
therefore be obtained by integr ating the pressure dj_stribution along 
the floor and ceiling of the tunnel, the i ntegration being 
accomplished vn th an integrating rnanometer. Because the pressure 
field theoretically extends to infinity in both the upstream and the 
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downstl' eam directlons, not all the lift 1s in(;lv.ded in the leIlBth 
over which the integration is performed. I-c is therefore necessary 
to apply a correction factor 1) that gives the ratio of the 
measured E f t to the ac tu(.'.l lif t f or any lift distribution. The 
calculation ,yas performed by first finding the correction factor 
1)x applying to a point vortex and t hen de termining t.he weighted 
average of this factor over the chord of the model. 

The factor TJx "TEl.S ob ta.ined as follows : The image system 
'\oThi ch gJves only a tangen t ial component of veloei ty along the 
tunnel walls is made Ul j of EUl infinite vertical rOi-T of vortices 
of alternating sign as shown in f lgure 64. If the s:gn of the 
vortex at the or:i.g:in is assumed t o be I ,osit:Lve, the complex potential 
function f for this image system is 

,,,here 

r 8 t rengt h of a 8 i ngle vor tex 

z com:n1ex variable (x +.i.y) 

hT tunnel height 

The veloci t ;y u, due to the ?:'my of vortices} at any point 
along the t unnel '\oralls where 

y = 

is t hen obta .,ned as 

U 

2 

sech rex 
hT 

where x j.s :'he hori zontal distance from the point, on the wall to 
the origin. The resul~ant pressure coefficient PR is then glven by 

4'). 
P R -- V 

(20 ) 

where V is the f r ee- str eam velocity. 
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The l ift manometers i n t egrate the ?ressure distribution 
along the floor and cei l ing from t he downstream pos ition n to 
t he upstream. position ill (fig . 6L~). For a point vortex locat ed 
a dis tance x from t he or igin along the center l i ne of the 
tunnel) t he lilllits of i ntegration become n - x and m - x . The 
lift I , ' associated "lith a point vortex) as measured by the 
integr ating manometers ) is given by 

(21) 

whE;lre go is the free - stream dynru:D.j.c pressure . 

The true lift L r esulting from the point vortex is given 
by 

The correction factor ~x is then 

which yields 

re x 
sech -- dx 

hT 

(22 ) 

In the Langley two-dimens ional low-turbulence tunnels) the 
or ifices in the floor and ceiling of the tunnel used to measure 
the lift extend over a length of approximat ely 13 feet . A plot 
0f ~x against x for the Langley two -dj~ens ional low-turbulence 
pressure tunnel is shown in figur e 65. The oj -factor for a given 
lif t dis tr ibution is obtained from the erpression 

L · I x " 
PRTJx d,. c) 

\..,chord . 

[ 
./x·' 

PR Cl\ - i , c, 
t~chord . 
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The values of Tlb and T) a for the Langley two-dllnensional 
low-turbulence ~ressure tunnel are given in the following table 
for a model having a chord length of 2 feet , where TJb is the 
TJ-factor corre s~onding to the banic mean-line loading (indicated 
by the value of a) and 1')a j.s the ll -fac tor for the additional 
type of loading as Biven by thin-airfoil theory: 

-. --~- .. --.-- . 1)b -_OJ 

-1-.0----+--0-· .93}+71 

.8 .9342', 

.6 .9336 

.4 .93jO 

.2 .9325 

1 0 .9322 ..-l 
. ------_ . ----. 

In order to check the variation of TJ a with var~_ation8 in 
the additional type of 1if t d_i str:l.but ion , the value of fJ a .was 
recalculated for the class C ad.·ii tional lift distribution given in 
f igure 6 of r ef erence 76. The value of' Tla for this case 
wes 0 .9304 , a s com"?ared. with 0 .9'2.96 for a thin airfoil. Because 
of the small variati on of l a wi t h t he type of ad.ditional lift, 
the value for thin-ai.rfoil additional l ift was used for all 
calculations. The lift coefficient of the mod.el in the tunnel 
uncorrecte d for blocking c2 ' is given :i.n terms of the lift 
coeff icient measured in the tunnel c and t he design lift 

LT 

coeff ic5.ent of the airfoil c2' by the following 6X}lression : 
l 

C t 

2 (24) 

Beca use TJb does not diff er m"J.ch f rom fin' It. lS not necessary 
that the bas ic loading or the design lift coeff i cient be known 
with great accuracy . 

Becau se of tunnel -wall a .... rid. other effects, the 11ft d.i strlbutim 
over the air foil in t he t tmne l does not agree exactly with the 
a ssumed lift distribution . Because of the small variations of 1') 
1"i th lift dis tri bution, error s caused by this effect ar e considered 
negligible . It can also be sho~n that e rrors caused by neglecting 
the eff ect of airfoil thickness on the d:i.stribution of the lift 
r eac t i on along the tunne:l• walls are small . 
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Meas urement of Dr ag 

The drag ' of en airfoil may be obtai n ed from ob8ervations 

of the pres sures in t he ,,,ate (reference 86). A.11. approximation 

to the dl'ag 'is g iven by the 108s jn total pressure of . the air in 

t!1e ,.rake of the a i rfoil . The los e of tot al pressure is measured 

b y a rake of total-pressure tubes i n the ,.,ake . v·then the t o t al 

pressures in front of t he airfoil and i n the ,·rake a re representGd 

by Ho and HI , respect i vely, the d.rag coefficient oo ta.illed 

from loss of total pres8ure c~ i s 

. ' t, 

! d;Tw 
edT "" licc-- (25) 

\4 "'Take 

where 

Hc ,. coeff .i,cient of loss of t otal 'press ure i!l the i·rake 

distance perpendicular to ' stream direction from l-'Osition 

of H Cma...x 

If t he static pressure in ti.le we.ke 1s repr esented by Pl' 

the true drag coeff i clent l.mcorrected for block i ng . cd I may be 

shewn t o ' be ( reference P.6) 

where 

" f 
I 

/ 
v.iwake 

is t he s t e.tic - pre8sure c oef:'ic ien t in the wake 

.(26) 

'10 

The assumption is made t hai., the var i8ti.on of total 2!r essure acros s 

the 'I'Take can b e represented by a n ormal prob ability curve . The 

drag coefficient Cd I is then easil;r obta.inable from measurements 

of Cttr by mee ns of a factor K, the ratio of c d
t t o edT' 

which de~ends only on 81 .and the Taax~mUL1 va lue of Hc . If the 

maximum value of H,., i s r epr 6sent,ed by HCmax.J 
t~e eql.1.ati9n of 

the n ormal proba.b::'ll ty ct).Yve is 

H c 

I \ 
'B"fT ' 2 J .~'T' 

,.,. ' .. ' .... . c· ) 
= .t1c e ·, 

max 
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,.,here B is a dimensionless constant that determines the width 
of the ... rake. If a conYeni ent variable of i ntegr ation 

Byw 
y = -- i s used, the ratio K is 

c 

= 

and is independent of the ".rid t h of the ,-rake . The quantity K 
has been evaluated f or variouG va lues of HC

m 
v and 81 by 

.. JiJ. 

assuming 31 to. be cons tant across the 'trake. The drag coefficIent 
cd l may thus be obtained from tllih~el measurementg of cd

T
, H 

cIllS-X' 

and 81 , A plot of K a s a function of Hcmax with 81 as 
parameter is given i n figure 66 . A parallel treatment of this 
problem is given i n reference 87 . 

T1mn~l -\'-iall Corrections 

In two-dimensional flm-r, the tunnel ,.,ails may be conveniently 
considered as havi ng two di st nc t effects upon the flm., over a 
model in a tunnel: (1) an increase in the free-stream velocity 
in the neighborhood of the model because of a constriction of the 
flow and (2 ) a distortion of t he lift distribution from the induced 
curvature of the flm-r. 

The i ncrease in free - s tream velocity caused b~ the tunnel 
walls (blocking effect ) i s obtained from consideration of an 
infinite ver tical row of images of a symmetr .!.cal body as given in 
r eference 88; the images represent the effect of the t UIlllel walls . 

The :potential function 'f for a symmetrical body is given 
by 

''I' = Vz 
Al A2 

+ 
An 

+- + -- (28) z z2· zn 

vlhere V 12 the free -s tream velocity and the coefficients AI, 
P"2, ••. ar e complex. I f the t unnel height is large compared 
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to the si ze of the body, powers of l./z greater than 1 may be 
neglected and 

w = y z 

Thi s operation is e quivalent tc: rep18,cing the bo(~y by E-. circl e of 
which the doublet strength is 2n:}\1; the term Al/z r epr esents the 
disturbance to the fre ",::,- stTeam flow . The total induce velocj,ty at 
the center of the body due to all tne images i s ex~ressed i n refer
ence 88 as 

where the term Al 

]{2 

3 

:8 the same as the ljerm 

(30 ) 

of r eference 88 
, 

For convenience in t1..Uh'lsl calculations , the ex:t;reus i on of 6V 

may be y,iri tten 

wher e 

6V =A (J 
V 

The f actor a depends only on the size of the body and is 
easily calculated . The factor A depends on t he shape of th6 body 
and i s mor e diffi c;ult to calculate . For bod:i.es such as Rankine 
oval s and ellipses , simpJe formulas may 'be ootained for calculating 
A. In the genera l case , the value of A may be obtained from t he 
velocity distribution over the body by the expr ession 
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where v is the velocity at any lJoin t on the airfoil surface 
and dYt /dx is the slope of the airfoil surface at any point of 
~'Thich the ordinate is Yt . 

In order to obtain this expression, cons ider the flow past a 
symmetr i cal body as shovm in figure 67. The potential func t ion for 
this flmT is given by equation (28) . Dlfferentic.ting and mul ti:i;11ying 
e~uation (28) by z gives 

dw Zaz 
Al 

- Vz " z zn 

The line i ntegral about a closed curve 1 z ~ dz will depend 

only all the term -Al/z and., from the theor;/ of res i(lues, is given 
b y 

- 2rriA, 
.L 

but 

<ii-; 
Z dz- dz = z dw 

= (x + .i.y) (d¢ + i d * ) 
I"here ¢ is the potential f 1)nc tion fu"lG. 

On the surface of the body d,\~f :'= 0, v O 

l!J is the stream functi.on. 
that 

dw 
Qz dz = /:"1 J'" ; + d¢ + i CY d¢ 

\.. I C 

Since the body is symmetrical) the term x d¢ ,,;ill have e~ual 
numer ical values but opposite signs at corresponc1ing points of 

the upper and lower surfa.ces , and. f' x d¢ will vanish. The lie 
term y d¢ 1"ill have equal values at corresponding points of the 

uppe~, a....'1Q. lower surfa.ces , and jy d¢ may be repluced by an 
C 

i ntegration over the upper surfac~; ' therefore, 
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dw 
a:z dz 

/' 
= 2 i I y d¢ (counterc lockwise direction ) 

w 

or 

Reversing the r.ath of integr ation, replacing d¢ by 

I -a....,-· 2 " 
"'t replacing ds by 1 + dx dX, and sol vine for A 

gives 

A d. (!:) 
\c 

'\oTher e the integration is t aken f r om the leading edge to the trailing 
edge over the uplJer surface . 

In addition to the error caused by blocking, i.'in errol!' exists 
in the measured tunne l veJ. oci ty becuase of' the i nterference effec·t.s 
of t he mode l upon the veloci ty _ndicated by t he static - pressure 
orifi ces located a few feet ups tream of t he model and halfiVay between 
floor and eelling . In order t.Q correct for this error an analysis 
"TaS made of the velocity 0.1 str J.bution along the streamline halfway 
between the upper and the lover t unnel ,.,al18 for ' Rankine ovals of 
various sizes and thickness ratios . The analysis s howed that the 
cor r ectj.on could be eXIlr essed, Hi thin the r ange of conventional
airfoil thickness r atios, as a pr oduc t of a thickness f actor given 
by t he blocking factor A and a factor S which depended upon the 
s ize of tbe model and the distance from the static-pressure . orifices 
to the midchord point of the model . The corrected i ndicated tunnel 
veloc ity V t could then be vr itten 

V t =: V", (1 + ~ ) (36) 

.There V" is t he velocity mes.su:ced by t he stati.c - pressure orifices; 
In the Langley- ti'To dimensiona.l lO'\ol.- turbulence tmmels, the distance 
from the static - pressure orifices to the nidchord point of the model 
is a::;:pr oximately 5.5 f eetj the cor responding value of S for a 
2-foot- chord model J.S approximately 0.002. 

In order to calcu.late the effect of t he t unne.l ,.-alls upon the 
lif t distribution, a comparison is made of t he Eft distribution of 
a given airfoil in a trumel ar.d i n f r ee air on the basis of 
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thi n-airf oil theory . It is I'lss1Jlll.e1 the.t the floH condi tions in the 
tmmel correspond most cl08ely to thooe in free air \-Then the 
addi tional lift in the tunne l a."'ld in free &i1' are the same 
(reference B9) . On t h is ba.sis the i~ollO\vlng correct.ions aJ.1 e derived 
(reference 89 ), jon .Thieh t he primed quant:!. ties refer to the 
coefficients measured i n the turulel: 

In t.he fo r egoing equations, t he t erms 

are usually negligible for 2-foot-chord, models in the Lel1€l).ey t;.yo·
dimens ional low- tur bulence tunnels . 

When the effect of t he humel .Tall", on the pressur~ d. .Lstrlbution 
over the model is small , t he wall effect on the dxC'-.b is merely t: a.t 
correspondi ng to an incr ease in tile tunnel s?eed. Tne correction to 
the drag coeffjc::'ent ts t herefore given 'by the follow:i.ng relation : 

(40) 

Similar considerations ha ve been appl:'ed to the development of 
correc tions f or t he pr essur e o.lstrltu '_ i on ..L-Tl r ef er ence 8.9. 

Equation (i-!O) neglects tile block:in{:.:; due to t he 'irc::..ke , such 
blocking be i ng smal1 a.t 1m! to moder ate d.rags. 'rho eff ect of a 
pressure gr adient , in the tunn.el upon loss of total :press1.~o in the 
wake is not easily c.<J.lalyzed "but is es timated to be sme.l:'.. . The effect 
of the pr essure gr e.dient upon the drag haS ther efore been 
disreg~u·ded. When the drag is ::neas ured by b. bala..lce} the effect of 
t he pr essure gr adient upon the drag Is C: ; rec tly ac..<U ti ve aIle a 
corre c tio!l should be applied . For laree models, eS.f;lScial ly at hig .. ~ 
lift coefflc ients , t he effect of the tunnel 1!TallG 'is t.o d':'stort t he 
pr essure distrnution . app_"eciably . Su.c:" dist ort.:.ons of the pressure 
d istribution ma~T cause large chaTlges in the boundB2."Y flmT ~md no 
adequate cor recti ons to any of t~.1e coefficients) particularly the 
drag, can be found. 

77 

- - - - - - -- - - ----~--~--------~-----



I NACA ACR No . I,5C05 

Correct:i.on l or Blocking at High Lift s 

So l ong as t he flO\,T 1'0110,,-2 the airfoil s urfac e , the foregoi!l-.:S 
relations accoun t :for t he effects of the tunn el wall s w:i.th sufficient 
accuracy . When t he flo,,! l e aves t he surface, · t he bloc :ing increases 
because of the predominant effec~~ of the -,rake upon t he free-str eam 
veloc ity . Sinc 'e t he wake effect shmiS 'Up primari l y i n the (lr8.b; the 
i ncrease in blocking would. logically be expr essed in terms of the 
drag . TDe ac curate measu:~emGnt of dr8f~ under t hese c ond itions by 
means of a r ake ie impr ac t i cD.J. because of span 'Tise movements of lOi-i
energy air. A me t hod of correcting for incr eased blockj.ng at hi13.1 
angles of attack I,Ti thout dr ag measuremtns has ther efor e 'been devised 
f or u se i n the Langley t wo-dimenEional 10 ·r- tur bulence tu:me18 . 

Read ings of t he flool~ end ceilin6 veloc:i. ties are taken a. i'm·! 
inches ahead of the ~uarter-chord }}oint ar:tc. avera.ged to remove the 
effect of l :Lft . . This aver~"3e iF , Hhieh:;'s a. mCClS;xce of the 
eff ective tunnel velocity, is essentially constant :'n t}-,e low-lift 
r ange . 'The Quant :Lt;y :Ii' /Fo, ,,'her e Fo is the aver8.,s8 value of F 
i n the lo-w-lift ronge , ho~{ever, 8h o'\o7s a vn.riatir,n f::.~om un~.'\j;y in the 

. h igh-lift r ange for any a:i.rfoH teste<l in t:h.e t1.U1Ile.l; thin variation 
i nd i cates u cheDbe in b locking at h] gh J_ift s . A :plot of .F/B'o 

against angle of att ack 00 ' for a 2-foo't - chord m0cl.el of' tho 
NAC.A. 643-418 air foil. if: g :i.ven in.'f':'gure 68. T:le Qua.."ltHy · :F/Fo 
i s nearly constant for vaJueG of 0.0 ' 

up t 'o 12° ; but fo).'· valuos 
S'f 00 ' greater t h an 120., J!'/F 0 lnCY6r:..S88 2~'1d. t he increase is 
particular ly noticeab le at 8.l1d over the c tal::' . 

A theor etical compar j.Bon '/la2 made of thE:; b l ockj.ng factor A cr, 
and t he veloc:l ty measur 0cl. by the floor and ceiling or Hices for e 
ser ies of Rankine ovals of Y~rj,oU2 s izes end. thickness r ati08 . 'rhe 
qua r ter - chord point of each oval "ras located at t he 'Pivot poin t , 
t he usual },Josition of an air foil in the t mnel . The anal"i3is show'ed 
the r elatj.on between the block:~rv[ fac tor Acr mid ':he che.n ;.zG in F 

~, '-' 

to "00 uniQue f or chord l ength.::; up to 50 inches i n that djfferent 
bod ies havtng t he same block:lng factor Acr gave a.PP1"oxime.teJy tho 
BElnle value of JP. For chordn u:? to 50 inche[! , the rej.a tion3hip is 

6,V 

V 

/ 

== 0 .45 ( X. 
\ Fo , 

(L~l ) 

wher e tN Iv is t he trL~e i ncrement i n tm1nol. voJ.oci t;;r due 'Co blockil18 . 
The foregoing r elation ioTas aclopted. to obtain the con"ect:i.on to t h e 
b l ocking 'in t he ra.llge of lift wl1ere ... L > 1 . 

Fa 

ConsiderabJ.e un.cer tai nl:! exist.s reGarding the correct numerical 
va lue of the coefficient occurrins _11 equation ( 1+1) . y' 0. rmf of 

-----.---
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sources, rahter than the Ranlcine ovals used ln the present analysis, 
is considered t o represent the ef'fect of the wal'\:e, the value of the 
coefficient in equation (41) would be approxirr..ately t"rice the value 
used . Fortunately, the correction am01mts to only about 2 percent 
at maximum lif t for an ext reme condition w1 th a 2-foot-chord mod.el. 
Further refinement of this correction has therefore not been 
attempted. 

Comnarison with Experlment 

A check of the val i d ity of the tunnel -"rall corrections has been 
made in reference· 89, which gives lift and moment cur-,res for models 
having various ratios of chord to tunnel he1ght, uncorrected. and 

. corrected for turmel-vTall effects . The u;ener31 agreement of the 
corrected curves shOivs' that the method of correcting the l i fts and 
moments is valid . 

A compar.Lson i s nL8.de :tn r eference 89 beti·reen t:i16 theoretical 
correction factor (equation (40)) and the ex:perimentally derived 
c orrections of r eference 90 . The theoretical correGt.1.on factors ;.,ere 
found to be in good agreement ',lith those obtai ned eX:i?crimentE'~ly . 

. Xn ord.er to check the validity of the T) - fa.ctor, a cOI1i:.sribon 
has been mad.e of lift values obtG.ined from pressure d.istributions 
",i th those obta.ined. from the integration of the floor and ' ce j. ling 
preSSUl"eS in the tunnel . A com:;!8.T1.son :01' two air '0':"18 3i ven in 
figure 69 shovrs that the tvro methods of measuring lift give l'esu.l ts 
that m~e in good agl"eement . The T)-factor ht.:.s a lso been checked by 
compari son of the .lift otta.tned from bale.nce measurements with tho 
integra ting-ma;nometer vaJ.ues in figurE> 70. 

Finally, a check has been mads of the methoct of correcting 
pressure 'distr1butions (reference 89) for NAC!>. 6-se~ LOS airfOils 
of two chord lengths at zero angle of attack in figm"e 71, in .rhj.:::h 
the pressure coefficients are plotted against chordvrise positioll 
x/c. The ur3r OeD16nt between the corrected pressure distribut-Lonc for 
both models verifies the method of making the tun..TlC'l-ub.ll corrections. 
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TABLE I 

.ANALYSIS OF AIRFOIL DERIVATION 

Airfoil Baaio Mean-line combinationl 

de~ignation thiclm ... 
tora a = 0 a :: 0.1 & • 0.2 a = 0.3 a :: 0.4 a :: 0.5 & = 0.6 a = 0.7 a :: 0.8 a = 0.9 

747A31.5 747A015 0.763 • -0.463 

747A415 747A015 0.763 -0.463 

1 The numbers in the various columns heade d -"'e an-line combination " indi cate the magnitude of the design lift 
coefficient u •• d. 
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TAtiLE II 

v'AHMtJ1,1 LIFT AJ!D STALLINr. CHARACTER I STIGS OF !!ODELS 1'ES'l'EO IN THE NACA 19- 1'OOT PRESSURE TUNNEL 

Flap 
Configurati on 

Ge omstrl0 
Flap angle 

(d.~) · 

cbaraoterl. tlcs 
Plan view Front view Inboa rd out board 

' fi Ofo 
-

None None -.- ---

I 
Spl1 t 6. 

3ectlons I 
Roo t: NAC A 66(215)-216 

L.. .. .J Tip: NAC A 66(215 )-216 
A = 7 . 00 
)..= 1.00 
Ge o..,~t rlc washout, 0 . 00 

>pl1t 60 

Powl.er Fowler 0 0 

Sec t1ona. 
~oo t: NACA 66(215 ) -116 30 Tip : NACA 66(215)-216 

~ A = 7 . 0 
).. = 0 .5 
Geometrio ••• hout, 1.50 35 

30 ~o 

Sections, 
Rou t: NAC A 65(318 )-019 

~on8 None ---Tip: N~CA 65(318)- 015 ---
~ A = 7.3 

). = 0.25 
')eome trio .... h('ut, ~ . 60 

Sec t10na l 

~ 
Roo t : NAC'" 65(318) - 019 None None --- - --Tip: N~C'" 65(318)-015 
A = 7. 3 
A = 0 . 25 
Geometrio .... hout, 4.00 

Sweepbaok ot 0. 25 chord 
line . 21. 930 

?lap I Flap 
cho rd ... s pan 

(percent percent 
c) b) H 

Cfi cfo bfi ' b fo 

None I None None None 2.6 • 106 

,.6 
.6 

10 5~ 2.6 
,.6 

. 6 

20 2.6 
, . 6 

.6 

~O 2.6 
, . 6 

. 6 

lC 10 ~7 2 . 6 
,.6 .6 

20 20 2 . 6 
, . 6 

. 6 

~O ~O 2 . 6 
,.6 

.6 

~O ~O 5~ 37 2.1 x 106 
2.8 
~.3 

2 .1 
2.~ 
~ . 

2.1 

I 2.~ 
3. 

2.1 
2.~ 
3. 

--- --- --- --- 3.0 • 106 

5 ·1 
7.4 

--- --- --- --- ~.~ • 106 

5 · 
7.2 

NATIONAL ADVISORY 
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CLm"" 

1.26 
1.,6 
1. 1 

1.72 
1.J8 
1. 4 

1.9~ 
1.9 
2 . 07 

1.97 
2 . 0~ 
2 . 06 

2.04 
2 . 11 
2.15 

2.40 
2 · 50 
2 ·51 

2 . 4~ 
2.49 
2 · 52 

l. l ~ 
1.29 
1.27 

2 'f4 2 . 
2 .49 

2',6 
2. E 
2 ·5 

~ . 13 
~.31 
3 . 29 

1.18 
1.,7 
1. 3 

1.17 
1.31 
1. 34 

StallIng characteristIcs 

Abrupt stall progresses 
from roo t toward tip for flaps 
neutral and partial - span flaps 
deflec ted; no Oata for full-
3pan flap s 

N.1 th flaps neutral, sat1sfactory; 
.. 1 th flap. de nected, extremely 
abrupt stall envelopes entire 
wIng 

At-rupt stall with satisfact.or y 
pro&resslon to'ft'ard tips 

Unsat1 sfactory stall; a strong out -
flow resulted in severe tip stall 

(Xl 
<0 

z 
:> 
(J 

:> 

:> 
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r
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Cont1gurat1on 

Model 
Plan view Front view 

V ~ 

VI l1~' =0-

VII ~ Ih....===-

+ -=0=--
VIII 

TABLE II - Continued 

MAXIM1J1,! LIFT ",~D STALLING CHARACTERISTICS OF MODELS - Contlnued 

Flap 
o.ome tric 

oharac te r 1s tics 
Inboard Outboard 

$ectl0Tl.11 Plain None 
Root: BiCA 66~215)-(l.8)(15.5~ 

l 1 
.. - o. 

Tlp: .ACA 66~2l5)-(1.8)12. 
.. % o. 

A ~ 5 .~~ 
A ~ O. 
Jeometrl0 ••• hout, 2.50 

Sectlo(u I Plain 
,tone 

Root: IIAOA 66F15 H 1.!l)(15.5), 

1 l e. 3 o. 
Tlp: IIAC4 66~215 )-(1.8)12, 

.. 2 O. 
A ~ 5.8~ 
X ~ 0.4 
Oeometrl0 •• ahout, 2.50 

Sectional 
Root. Mad. "~i 65.3-318, 

.. s o. Double Double 
Tip: MD4 •• AeA 65(318)-316. .lotted .lotted 

a = 0.8 ~ I A = 8.09 
).= 0.5 
Oeo~etrl0 ••• hout, 0.00 

Sec t 10nll Zap Zap 
Root : IIACA 67(11!)-116 

~ ~ Tlp: lIACA 67,1-1 5 
A = 6.7 Split None A: 0.4 t Spl1t 
GeaD8~~lc .alhout. 2.00 

-_.-

Flap Flop 

angle chord 
(percent (deg) 

cJ 

°f1 
°t Crt Cro 

0 

0 --- 25 ---

50 --- ! ---

0 --- 25 ---

I 
50 --- f ---

0 0 25 25 

55 30 I ! 

0 0 35 35 

4Il t I I 4B 
60 20 20 
I 6<l I t 

NATION"l AOVISORY 
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Flap 
~pan 

(percent 
bJ 

b
ft 

b
ro 

60 ---

1 ---

60 ---

1 ---

50 48 

I I 

60 38 

I I 
60 38 
I t 

R Cr."ax 

3.2 • 106 1.40 
5.~ 1.52 
7 . 1.55 

3.3 2.10 

U 2.19 
2.21 

7·0 2.23 

3.3 " 10
6 1.3<+ 

P 1.39 
.0 1.39 

3.3 1.87 
5·1 1.91 
5.8 1.92 

5.1 • 106 1.33 

5.1 2.85 

2.4 x 106 1.32 
2.4 2.21 2.4 2.7 
2.5 1.91 
2.5 2.22 

Stalilng character1.t1cs 

Abrupt stall 'N1th satts-
factory progresslon 
toward tips 

Abrupt stall wlth •• tls -
factory progression 
toward tlpa 

Sa thrac tory 

No data 
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Configuration 

110001 
Plan vie. Fron t view 

IX + ==0-

X + -~)V-

XI + --.0-

+ ~){Q}1-
XII 

XIU T ~ 

&Propelle rs wlndml111ng. 

L 

TABLE II - c ontinued 

:,IAXDlUIo! LIFT AND STALLING CHARAC"r.lRISTICS OF l:C,GELS - Cont1nuod 

!i;~r. Flap 
o.ometrlc (deg) 

char.oteri.t ic s 
Inboard Outboard Or1 Oro 

Section •• 
Root: IiACA 64(21,) -418 None None --- ---T1p : IIACA 66.2x- 15 

\ A = 8.92 Spli t 55 ---A= 0.]3 
Geome tric wa.hout, 1. 00 

Section't 
Root : IIACA 64(21U-418 None None --- ---TIp : lUCA 66 .2x- 5 
A = 8.~ Split 5f ---
A = D. } t Split 55 

Ge ometrio ..... hout, 1.00 

sect 10n'l 
Root , NACA 64(21~)-418 None None --- ---Tip. NACA 66.2x- 15 
A = 8. 92 I A= 0.33 Split 55 ---
Ge ometrl0 .... hout, 1.00 

Extensible nne 0 ---sl otted 
Section.1 

I Roo t: NACA 63(420) -4111. 
.. • 1.0 

T1p: HACA 65Z-41 5. 35 ---
.. • 1.0 

A = 7.77 ,,= 0.50 
Geometrio .... hout, 2.80 Split 60 ---

None Nco. --- ---

Spl1t 60 

Sectional 
Root: lIACA 66(215)-016 EXtenslble 45 
Tip: lirA 66(215 )-016 ~raillng odg. 

1 
A = 5.3 I A = 0.6 0 
Geoll"letrlc .a.hout, 0.0 Spl1t 60 

I I Split 60 

Flap Flap 
chord span 

( percent (percent 
c) b) R 

cr 1 c
ro 

b
rl 

b
ro 

--- --- --- --- 3.5 x la' 

20 --- 60 --- ,.6 

--- --- --- "t x 10
6 

20 --- 60 --- 3. 
I 20 I 30 '.5 

--- --- --- --- 4.0 x lOb 

20 --- 60 --- 4·1 , 

25 --- 70 --- ,.1 )( lcP 
4·1 
4.8 

--. ... r .0 
·9 

--- --. l·l .1 
4.8 

--- --- --. -_. 2.~ " lrP ,. 
5.' 

20 --- 65 --- 2.~ ,. 
5.4 

--- --- 2·5 
3.7 
5 ·2 

20 30 2.~ 

1 I 
3. 
5. 3 
2 .4 

5' ~ ./ 
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Cr",ax 

1.38 

1.97 

1.~ 
1. 7 
2 .11 

1.47 

L95 

"1.37 
"'1.1K 
0.1.45 
0.2 .19 
0.2 . 20 
0.2.21 

0.2 .00 
0.2.06 
0.2 06 

1.21 
1.,7 
1. 5 
1.~6 
1. 9 
1.96 

1.A2 1. 6 
1.98 

1.9~ 2.0 
2.13 
2.01 
2.15 
2.21 

Stalling characterlstlce 

Satlsfantory 

Satisfactory 

Sa tierac tory 

Satlat"actor y 

Sat isfactory 
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Configuration 
Model 

Plan vie. Front view 

xrv ~ '€I 

XV ~ - @ 

XVI + ~ 

XVII T --
xvrII ~ ---

XII + --
b ptlleta reMOved. 

TABLE II - Continued 

ItAXD(1)! LIPl' AND STALLrNG CH ARACTE RISTICS OF YODELS - Continued 

Qeom.tri c 
Plap 

oharacterist ice 
Inboard Outboa:-d 

Extensible None dotted 

Sec tional 

~r~ ;: N~~~A6Zrm~~2~~18.5) 
I 

A = 5.a2 }. = o. 8 Slotted 
Gecometric •• ahout, 3.00 

Split 

Sectiona. Slotted None 
Root , NAC. 2}015 .6 

I I Tip : NACA 2}OO9 
A = 5.5 
~ = 0·.52 0 
Geometrio .... bout , 0 . 0 

Extenlible None slotted 
Sec tion" I Root : KACA 66 , 2-118 

Tlp: NAC, 66(2Jc15 ) -116 
A = 6 .9 
Geometrio .... hout. 2.00 

SpU t 

Sectiona. 
Rootz M~C! ~~~ 216) -215. Double Double 
Tlp: HAC. 65(216)-215. dotted slotted 

.. • 0 . 5 l l A = 9. 08 
,,= 0.45 
Geometrl0 ••• hout , 1.00 

0 . 2 ohord. lin' stra ight 

Sect1ona. 
Root : II!C! ~~~216)-215. Double Double 

Tlp: lAC. 65(216)-215. .1ottAd dotted 

a • 0.5 I I A = 9 . 08 
}.. = 0 ·45 0 
Oeome trl0 w.thout, 1.0 
-0,10 chord lIne atZ'.lght 

Seetion_. 
Root: MAC! 65~216)-215. Double Double • • O. dotted slotted 
Tlp: Ni C.65(216)-215 . 

I ! • .. 0.5 
A = 9 .08 
}.. = 0.1>5 
Oe ome tno .... hout, 1.00 
1.1 ohord. lin' s,traight 

Flap Flep Flap 

angle chord. .pan 

(deg) (percent (percent 
c) b) 

°t1 
O. 

' 0 
Ct 1 Cto btl b to 

0 --- 20 --- 60 ---

~5 --- --- ---

50 --- --- ---

50 --- --- ---

0 --- 20 --- 60 ---

50 --- I --- I ---

0 --- 24 --- 50 ---

38 --- --- ---

45 --- --- ---

0 0 25 25 65 }1 

~ I I I ! 55 

I 25 

0 0 25 25 65 }1 

I I ( l 55 I I 25 

0 0 25 25 65 }1 

I I J ( ~ 55 
I ~5 

NATIONAL ADVISORY 
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R C~u 

~.6 • 106 
1.~ l·t 1-

.1 1.46 

~ .6 2 .27 
l·2 2.~ 
.~ 2 ·37 

~.5 2 .CI; 
·9 2.1~ 

5·9 2 .16 

U 2.02 
2.12 

5·9 2 .17 

U'106 I.H 1. 
5.6 1. 0 

U 2.46 
2·50 

5. 6 2·52 

~.o • 106 
1.RI> .1 1. 7 

5·0 1.50 
2·9 2.01 
4 . 0 2.15 
4.9 b2 •21 
4.9 

~:~ 4 . 9 

} .6 • 106 1.}8 

~ .1 2 .1>5 

2.8 2.69 

}.6 • 106 1.}7 

} .1 2.41> 

2.8 2 .76 

}.6 • 106 1.1>5 

3 .1 2.57 

2 .8 2.86 

StalUng characterhtlcs 

Abrupt stall wi th satIsfaetory pro -
gression toward ti ps 

Very abrupt stall, lott II'lng stalling 
very rapidly, f or all cond i tions 

Extremely abrupt stall, lett wing 
stalls first l or the extensIble 
slotted flap, satisfaetory for 
'pllt llap 

Sa tl aractory 

Satislactory 

Un s atislactory , severe tIp stall 
ror all cond1tions except rull-
s pan n.p 

, 
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Conflguration 

Model 1-1 ------,--------1 
Plan view Front view 

xx T - - 0 ,", 

XXI + o 

XXII T -*--

XXIII T * 
XXIV T ...,I,. 

uv ~ ~ 

I. 

'l'A8LE II - Concluded 

IIAXDI1JI( LIFT ArID STALLINO CRARACTER ISTICS OF MODELS - Concludod 

o.ometric 
charaote rl3 tIes 

5eetlcma. 
Root: lIACA 65 (216) -215, 

• -= 0.8 
Tip: lIACA 65(216)-215, 

a % 0.5 
A = 9.08 
10.= 0.45 
Geo_trio w.ahout, 1,00 

0.20 ohord line stralght 

Seetiona l 
Root, !lCA 66 2-118 
Tip: HACA 66(2;15 )-U6 
A = 6.25 
A = 0.~5 
Geollletri a .aahout, 2.50 
O .. ~75 ohord line straight 

Sectlona, 
Root, HACl 66,2-118 
Tip: HACA 66(2:.15 )-116 
A = 6.25 
.\ = 0.~5 
Geometrio ••• hout, 2.5 0 

0.~75 ohord 11.n. straight 

section. , 
Root, HACA 66,2-118 
Tip: HACA 66(2:.15 )-116 
A = 6.25 
;\= 0.35 
GeOlllatrie •• ahout, 2.50 

0.375 ohord lIne •• opt 
fo ..... rd }.50 

Section. I 
1I00t , llAC.l 66,2-118 
Tip: nCA 66(2:.15 )-116 
A = 6.1 
A= 0.47 
(;oometrie •• ahout, 2.50 

0 . ~75 oho rd 11"" atralght 

Section •• 
Root, HACA 65(223)-221, 

• :r 1.0 
Tip: lAC! 66(215 )-316, 

• • 0.6 
A = 12.8 
;\= O.}} 
GeoaMtrl0 ••• nout, 0 .00 

Flap 

Inboard I Outboard 

Double 
slotted 

Non. 

Split 

Hono 

Spli t 

None 

Split 

liODO 

Split 

Fo.ler 

Double 
.slotted 

None 

Split 

None 

11000 

-...,. 

None 

Flap 
angle 
(dog) 

Flap 
chord 

( pe rcent 
c) 

Flap 
SpM 

(oereent 
b) 

Or l I Oro CC l I ero brl I b ro 

55 

t 55 
2( 12[ n n 

45 20 --- ' 50 

60 

I 60 20 40 

45 --- '20 --- ' 50 

45 1--- 120 1 --- 150 ,---

45 

o 

40 

--- '20 1 --- 150 

:5~1 
18 

1 
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5.5 x 106 

5· 5 

5 · 5 

2. 9 x 106 
4 . 0 
4.9 

}.O 
4.0 
4.9 

} . O 
4.} 
5 ·1 

5·2 

4.1 x 106 
4·9 

4.1 

2.9 x 106 
4.1 
4. 9 

2.9 
4.1 
5·0 

2.9 • 106 
4.2 
5·0 

}.O 
4.2 
5·1 

1.5 x 106 2.2 
2.8 

1.4 
1.9 
2·7 

Cr",ax 

1.45 

2·~7 

2.65 

1.2~ 
1.4~ 
1. 51 

1.8 0 

Ut 
1.90 
2.0~ 
2.~ 

2.4~ 

~:~g 
2.02 

1.38 
1.57 
1.61 

1.83 
1.99 
2.02 

1.}~ 
~:~} 
1.85 
1.92 
2.01 

1.17 
1.27 
1.~7 

2.21 
2.23 
2.30 

s talling eharactert"tlcs 

Satisfactory 

Satisfactory 

Satlafactory 

Satt.factory 

S.tl.f.ctory 

Poor, lnitial atall occurs at tlps 
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Y 

.10 

rr= M~an line 

X 
o ~,- ~I ~ Chord line 

\ \ ~ ::::::::=-- I 

-.10 

:x 

0 0 
.005 
.05 
.25 
·50 
·75 

Radius through end of chard 
(mean-line slope at 0.5 percent chord) 

~ = x - Yt sin 9 

xL = x + Yt sin 9 

SAMPLE CALCULATIONS FOR DERIVATION OF THE. 
NACA 65.3-818 AIRFOIL (a = 1.0) 

Yt Yc tan9 
(a) (b) 

sin9 cos9 yt sin9 ytcos9 Xu 

0 -------- ------- ------- a 0 0 
.01~2Jt .00200 CO.3t~ 0.3~32 0.9~76A .00423 .012t5 .00077 
• o~ 31 .01264 .1 7 .1 22 .9 28 .0070b • 0~7 5 .04294 
.0 093 .0tE-8O .0699 .06979 ·99756 .00565 .0 073 .24435 
.0~92 .0 12 a 0 1.00000 a ·50000 
.0 5b .03580 -.06996 -.06979 

Yu = Yc + Yt cos 9 

'1 = '1 - '1 cos 9 L c t 

yU xL YL 

a 0 0 
.01455 .00923 -.01055 
.05029 .0570b -.02,01 
.11653 .25565 -.04 ~3 
.1~OO5 ·50000 -.041 1 .08443 

.99756 -.00311 .04 5 ·75311 .0 025 .74689 -.00865 
1.00 a 0 -------- ------- ------- 0 0 1.00000 0 1.00000 a 

~ThiCkness distribution obtained from ordinates of the NACA 65.3-018 airfoil. 
ordinates of the mean line. 0.8 of the ordinate for c~ = 1.0. 

c i 
Slope of radius through end of chord. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 1.- Method of combining mea., lines and basic thickness forms. 
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Fig . 2 NACA ACR No. L5C05 

2.0 

1.8 

1.6 

1.~ 

1.2 

1.0 

.8 

.6 

.4 

• 2 

o 

f.--~ 
~ 
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section drag coefficients. 
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Figs. 21,22 NACA ACR No . L5C05 
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TABIE m. SUPPIEMENTARY INFO RMATION REGARDING TESTS 

OF iWO- DiIffiNSIONAL MODELS 

Basic Air- flo w 

airroil Type of flap 
T 

NAC A 0009 Plain l.~ 

NACA 0015 Plain 1. 9~ 

NACA 2;012 Plain 1.60 

NACA Plain, 
66 (2115 )~009 s traight contour 1. 9~ 

NACA 
66-009 Plain 1. 9~ 

NACA App r oach-
6~ , 4-~7. S)approx . Int ernally balanced ing 1.00 

NACA Approach-
66( ~1~ ) o~~6 , Internall y balanced ing 1.00 

NACA Appr oach-
66 (2115) - 116, In ternally balanced ing 1.00 

a = 0. 6 

NACA Appr oach-
64. 2-(1.4n~. 5) Plain ing 1. 00 

NACA Appr oach-
65 . 2-~lS approx. Internally ba lanced ing 1.00 

NACA Appr oach-
6;(420)-521 Interna lly balanced ing 1.00 

approx. 

NACA Approach-
66(215 )-216 I nternally bal anced ing 1.00 

a = 0. 6 

NACA 
66 (215 )-014 Plain 1.9; 

NACA 
66(215)-216 Plain Approach-

a = 0.6 ing 1 .00 

NACA Appr oach-
652- 415 Plain ing 1.00 

NACA Approach-
65~-41S Plain ing 1 .00 

NACA Approach-
65

4
- 421 Plain ing 1.00 

NACA Appr oach-
65( 112 )-21; Internally balanced ing 1. 00 

NACA Appr oach-
745A;17 approx. Internally balanced ing 1. 00 

NACA Approach-
64, ;-Ol~ Internally balanced ing 1.00 

app rox. 

NACA Approach-
64. ; -1(15. 5) Internally balanced ing 1.00 

approx. 

characteristics 

Ref er -
M R ence 

O.oS ---- 53 to 57 

1.4 
6 

58 0.10 x 10 

0.11 2 . 2 x 106 
59, 50 

0.10 1.4 x 10 
6 - - --

0.11 1.4 x 106 60 

0.17 2 . 5 x 10 
6 

61 

O.lS 5. ; x 106 61 

6 
0.14 6 . 0 x 10 61 

6 -------- 1; . 0 x 10 

0.14 6 .0 x 10
6 

61 

---- S.O x 106 ----

0. 20 2 . S x 106 

to to 6 62 
0. 48 6 . S xlO 

0.09 1.2 x 106 63 

x 106 ----- ---- 6.0 

O .l~ 6 .0 x 10 
6 64 

0.1; 6.0 x 106 64 

O .l~ 6 .0 x 106 64 

0.14 S.O )( 106 ----

0.1; 6.0 x 10 
6 --- -

0.1; 6.0 x 10
6 ----

O.l~ 6.0 x 106 - ---

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS 



NACA ACR No. L5C05 Fig. 59a, b 
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Figure 59.- Variation of section aileron effectiveness with 
aileron chord ratio for true-airfoil-contour ailerons 
without exposed overhang balance on a number of air
foil sections; gaps sealed; cL = O. 

(S~nbols designating dif ferent airfoil sections are 
identified in table III.) 
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Fi g. 60 NACA ACR No. L5C05 

~ 
CD 
'(j 

8 

6 

4 

2 

~ 0 
o 

d 
<I 

-2 

-4 

-6 

Basic airfoil c~ Type of aileron Air-flow characteristics 
Ref: T M- R 

NACA 0009 0 
0.20c plain 

1·93 0.10 1.4 x 106 65 rue airfoil contour 

NACA 64,2 - (1. 4}( 13.5) 0.150 o . HlIc plain Approach-
0.18 4 .0 

6 
rue air oi l con tour i ng 1.00 x 10 - -

NACA 66(215 )-216,a=. 6 o.lod 0.20c plain Approach-
x 106 66 true ai rf oil contour in g 1.00 0.33 9 .0 

r NACA /--
I I I I 

~ 
~009 

/ '-1-- __ NACA 

---- -- v- 64,2-(l.4)(13.5) 
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~ ~ -:/- "-

"-

-8 --.:::: 
~ 

"-
"-

"-
"-

" ~ -4 

'\ 

j 

.c1 ~ 4 

/~ 
7'/ 

8 / 
/ 

¥ "> 
.-

~ 
.-

r. Aileron deflection, deg ~ 
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NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS. ~ 

I I I I I -
o .0002 

-8 
-. 0018 -. 0016 -. 0014 -.0012 -. 0010 -.0008 -. 0006 -. 0004 -.0002 

Llc Ho , radian 

Figure 60.- Variation of the hinge -moment parame te r LlcHo 
with the equivalent change in section angle of at tack 
required to mai ntain a constan t section lift coefficient 
f or deflection of t he aileron on the NACA 0009, 
NACA 64,2-(1. 4)( 13 . 5 ), and NACA 66(215)-216, a = 0.6 
airfoil sections ; gaps sealed. 
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NACA ACR No. L5C05 Fig. 61 
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Basic airfoil c~ Type ot aileron Ref. 

NACA 66 66(215)-216 a = .6 0.100 0.20c plain 

NACA 

8 
---63,4-4(17.8)approx. 0.450 0.20c with 0.43cf internal balance 

Aileron deflection, deg -16~ 
NACA 63,4-4(17.8) approx. - ~ \, 

V ~ 

k::::""" -12 '\ 
6 

4 

2 

< --- r: ~ 
---~ 

~-
-....... 
~ -8 \ NACA 66(215)-216 ---- ............ ></ 

a = .6 '-, ~ \ 
'~ ~-4 

~ 

0 

-2 
Straight sided ""\-< ~ 74 

<x V 'I 
~ 

? N 8, l ...--
--"\ L 12 

~ 
~ J 

-4 

I\" \--.......... / 1\ 
\( -6 

True airfoil contour 
NATIONAL ADVISORY 

COHHITTEE FOR AERONAUTICS 

I I I I I -8 
-.0018 -.0016 -.0014 -.0012 -.0010 -.0008 -.0006 -.0004 -.0002 o .0002 

flCRo, radian 

Figure 61.- variation of the hinge-moment parameter ACRO with the 
equivalent change in section angle of attack required to maintain a 
constant section lift coefficient for deflection of true-airfoi1-con
tour and strai~ht-nided ailerons on the NACA 66(215)-216, a = 0.6, and 
the NACA 63,4-4(17 . 8) (approx.) airfoil sections; gaps sealed. 
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Fi 15. 62 NACA ACR No. L5C05 
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COMMITTEE FOA AERONAUTICS. ~ 

I I I I I I 
-8 
-.0018 -.0016 -.0014 -.0012 -.0010 -.0008 -.0006 -.0004 -.0002 o .0002. 

t.o~, radian 

Figure 62.- Variation of the hinge-moment parameter 6cH5 

with the e~uivalent change in se c tion an gle of attack 

required to maintain a constant section lift coefficient 

for deflection of the aileron on the NACA 64,2-(l.4}(13.5) 

airfoil section smooth and with roughness at the leading 

edge of the airfoil. (For descrip tion of aileron, see 

fi g . 60.) 



1.6 

1.2 

... 
" 
...,' .8 
r: 
Q) .... 
" .... .... .... 
CI) ·4 0 

" ..., 
~ 
.-i 

r: 
0 0 .... ..., 
" ., 
CI) 

-·4 

-.8 
./ 

-1.2 
-16 

,~-----------------------------
24-inch chord 

# 
he = 0 . 1867 r 

~ 

lId ~ I' 
_iL V/{ 

V V- f- he = 1.135 > .... 1> 

i L 
. 

0 .... ..., 
as 

I y M 

I>-..., 
.... 

~ 1 " 0 
M ., 
I> 

I II 

j / 

., 
CI) 
.-i 

~ 

V Configuration R 
:) Plain airfoil 3.0 x 106 

I [;) Duc ted mode 1 
2.4 x 106 (low flow) 

-<> Ducted model 
2 . 4 x 106 (high flow) 

I 

I I I I 
-8 o 8 16 24 

Section angle of attack, ~o' deg 

1 •• 

~ ~ ...-< 

~ Hr-< r\ 
./ 

/f' L f- Vi , he = 1.135 
V 

1.2 . 

1.(J 

I 

~lll 

. 
0 .8 .... ., 
as 

" \. >- ~ he = 0 . 186 <L,' 

" " 0 .... 
.6 " " ~ 

" 

\ 
NATIONAL ADVISORy -

COMMITT,EE fOR tERONArICS . 

..., 
r5 

.4 1\ 
Vi 

r I-- - , he = 0.186 
V 

\ b ----c "'-J -
~ y I, 

1\ r:I r- t.q~' he = 1.135 
IP 

~ 

.2 

~ 'i o J J J 
-.4 o .4 .8 1.2 1.6 

Section 11ft coefficient, c, 

Figure 63.- Lift and flow characteristics of an NACA 7-series type airfoil section with leading-edge air intake. 
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Fi g s. 64,65 NACA ACR No. L5C05 
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Figs. 67,68 NACA ACR No. L5C05 
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Figure 67.- Sketch for de ri va tion of A-factor. 
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Figure 68. - Additional blocking factor at the tunnel walls 
plotted ar,ains t angle of atta ck for the 
NACA 643 -418 airfoil. 
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NACA ACR No . L5C; 5 Sl 

SUPPT~lliNTARY DATA 

I - BASIC THICKNESS FOru~ 



NACA ACR No . 15C05 

I - BASI C THICKNESS FORBS 

NACA 0006 basic thickness f orm 

NACA 0008 basic thickness f orm 

NACA 0009 basic t h ickness for m 

NACA 0010 basic thic1m.ess form 

N.L!_CA 0012 basic t hickness f orm 

NACA 0015 basic thi cb1ess form 

NACA 0018 baslc thickness form 

NACA 0021 basic thickness form 

NACA 0024 basic thickness form 

NACA 16-006 basic thickness form 

NACA 16-009 basic thlckness form 

NACA 16-012 basic thickness for m 

NACA 16-015 basic thickness form 

NACA 16-018 basic thickness for m 

NACA 16-021 basic thickness form 

NACA 63,4-020 basic thickness form 

NACA 63 -006 basic thickness form 

NACA 63 -009 bas_c thickness form . 
f:iACA 63 -010 basic thic1m.ess form 

NACA 631-012 basle thic1m.ess form 

NACA 632-015 basic thlckness form 

NACA 633-018 basic thickness form 

NACA 634-021 basic thickness form 

S2 

s4 

S4a 

S5 

S5a 

s6 

S7 

s8 

S9 

S10 

S11 

S12 

S13 

s14 

S15 

s16 

S17 

S17a 

S17b 

S17c 

S17d 

S17e 

S17f 

S17g 



NACA 642 -015 basic thiclmess forJl 

NACA 643-018 basic thickness form 

NACA 644-021 basic thickness form 

NACP. 65,2-016 basic thiclmes8 for m 

NACA 65,2-023 basic thickness form 

NACA 65 , 3-018 bas i c thickness form 

NACA 65 -006 basj_c thickness form 

NACA 65 -008 bas~c thiclmess fOl~ 

NACA 65 -009 bas i c thickness form 

NACA 65-010 bas i c thickness form 

NACA 651-012 basic thickness f orm 

NACA 652-015 basic thickness f orm 

f:.!ACA 653-018 basic thi ckness fonJl 

NAC 6~4 -021 basic th~ckl-;.ess form 

NACA 66,1-012 basic thickneno form 

NACA 66,2 -015 basic thickness , form 

NJI.CA 66, 2 -018 basic thickness form 

NACA 66-006 bas i c thicknes s form 

NACA 66 -008 basic thickness form 

NACA 66 -009 bas :Lc thickness form 

NACA 66-010 basic thicFJleSS form 

NACA 661-012 bas ic thickness form 

NACA 662 - 015 basic thicknes s form 

NACA 663-018 basic thickness form 

83 

820 

821 

822 

823 

824 

825 

8258. 

. S25b 

. 825c 

826 

827 

s2B 

829 

830 

831 

832 

833 

833a 

833b 

833c 

833d 

834 

835 

836 



NACA ACTI No. L5C05 

NJICA 66)r021 basic thiclmess form . 

NACA 67,1-015 basic thickness form 

NACA 747A015 oasic thickness form . 



NACA ACR No. L5C05 84 

2.0 

1.6 

1.2 

.8 

.4 

o 

NACA 0006 

/ - r--t--- ~- r---

l'\ 

v-
r--

o .2 .4 / .6 xc 
.8 1.0 

x 
(percent c) (perclnt c) (v/v)2 v/v lJ.va/V 

0 0 0 0 3·992 
·5 ---- .880 .938 2.01, 

1.25 .947 1.11~ 1.0~7 1.36 
2·5 1.307 1.18 1.0 9 .98~ 
5·0 1·7Tl 1.217 1.103 .69 
7·5 2.100 1.225 1.107 .,62 10 2.341 1.212 1.101 • 78 

15 2.~3 1.206 1.098 :H~ 20 2. 9 1.190 1.0gl 
25 2·971 1.1~9 1.0 6 .272 
,g 3.001 1.1 2 1.0~B .239 

2.902 1.136 1.0 6 .189 

~g 2.6~7 1.109 1.0~ .152 
2.2 2 1.086 1.0 .123 

~ 1.832 1.05~ 1.028 .097 
1.312 1.02 1.013 .073 

90 .724- .980 .990 .047 
95 .403 .949 .974 .032 

100 .063 0 0 0 
L. E. radius: 0.40 percent c 

NACA 0006 basiC thickness form 

NATIONAL ADVISORY 
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S4a 

1.6 

1.2 

2 
(~) . 8 

.4 

o 

NACA ACR No. L5C05 

NACA 0008 

(~ - r-- --r--r--t-- t--

-----
o . 2 .4 .6 .8 

x/c 
x y (v/V)2 v/v (percent c) (percent c) 

0 0 0 0 
· 5 ----- ·792 .890 

1.25 1.263 1.103 1.050 
2 ·5 1 .7t3 1.221 1.10~ 
5·0 2 ·3 9 1.271 1.12 
7·5 2.800 1.2 1.133 

10 3. 121 1. 277 1:130 
15 3 . ~64 1.272 1.128 
20 3. 25 1.~E? 1.122 
25 4.961 1. 1 1.16t ,g . 001 1.223 1.10 

3.869 1.186 1.089 
68 3· 5~9 1.149 1.072 

3· 0 3 1.111 1. 054 
~g 2.443 1. 080 1. 031 1. 749 1. 034 1.01 
90 .965 .96 8 · 984-
95 . 5~7 . 939 . 969 

100 . 0 4 ----- -----
L .E. radius : 0. 70 percent c 

NACA 0008 basic t h ickness form 

1\ 
\ 

1.0 

t,va/ v 

2·900 
1.795 
1.310 

· 971 
.694 
.561 
.479 
·379 
. 318 
. 273 
. 239 
.188 
.152 
. 121 
. 016 
. 0 1 
. 047 
.031 

0 
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NACA ACR No. L5C05 

2.0 

1.6 

1.2 

.8 

.4 

o 

( "----I--

V-
I'--

o .2 .4 

(perc~nt c) (perclnt c) 

0 0 
·5 -----

1.25 1.420 
2·5 1·l61 
5·0 2. 66 

16. 5 3.150 
,.512 

15 .009 
20 4.,0~ 
23 4. 5 

'0 
4.501 
4.352 

tg 3·ZP 3. ~ 
~g 2.7~ 

1.91 90 1.08 
95 .605 

100 .095 

--r------

.6 
x/c 

(v/V)2 

0 

.7~0 
1.0 3 
1.229 
1.299 
1.310 
1.304-1.30 
1.293 
1.275 
1.252 
1.209 
1.170 
1.126 
1.087 
1.~7 

• 4 
. 933 

0 

.8 

v/v 
0 
.866 

1. 041 
1.109 
1.140 
1.1fr.4 1.1 
1.142 
1.137 
1.129 
1.119 
1.100 
1.082 
1.061 
1.04~ 
1.01 

. 982 

. 966 
0 

NACA 0009 

--- '\ 
\ 

1.0 

AvaiV 

.595 
1.700 
1.283 

.963 

.692 

.~60 
• ~9 .3 0 
.318 
.273 

:f~~ 
.151 
.120 
. 095 
.070 
.046 
.030 

0 

E. radiuil· o AQ nercent c 

NACA 0009 basic thickness form 
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"S5a 

1.6 

1.2 

.4 

o 

NACA ACR No. L5C05 

NACA 0010 

( ----r-- ----I--. ....... 
.......\ 

V-
I'---

o .2 ·4 .6 .8 1.0 
x/c 

x y 
c) (v/V)2 v/v (percent c} (pe rcent 

0 0 0 0 
· 5 ----- ·712 .844-

1.25 1. 578 1.061 1.030 
2 · 5 2.1~8 1.237 1.112 
5·0 2. 9 2 1. 325 1.151 
7· 5 3·500 1.341 1.158 

10 E · ~02 1.341 1.158 
15 . 55 1.341 1.158 
20 4. 782 1·329 1.1U 25 4. 952 1.3~ 1.1 

Eg a·002 1.2 1.133 
.837 1.237 1.112 

~g 4 . ~12 1.190 1. 091 
3. 03 1.138 1.0b~ 

~g 3· 053 1 . 0~4 1. 04 
2 .187 1.0 0 1. 020 

90 1.207 . 9 0 . 980 
95 . 672 · 925 · 962 

100 .105 ----- --- --
L.E . r ad i us : 1.10 percent c 

NACA 0010 basic thickness form 

AVa/ V 

2.372 
1.618 
1.255 

0 

· 955 
·1>90 
·559 
.4~9 
. 3 0 
. 3.18 
. 273 

: i~~ 
.150 
. 11~ . 09 
. 069 
. 045 
. 030 

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS. 



NACA ACR No. L5C05 86 

2.0 

1.6 

1.2. 

.8 

·4 

o 

NACA 0012 

( --- r----r--
r---.... r--.... r--

"' l\ 

V-
f"-- t--

o .2 ·4 x/c 
.6 .8 1.0 

(percfnt c) (perclnt c) (v/V)2. v,lv lJ.vaiv 
0 0 0 0 1' 488 
.5 ----- . 640 . 800 1. 75 

1.25 1.894 1.010 1.00~ 1.194 2.5 2.615 1.241- 1.11 . 9 ~ 5.0 4. 555 1. ~78 1.1~4 .6 ~ 
7.5 .200 1. 02 1.14 '45 

10 4.683 1. 411 1.188 • ~9 15 5·345 1.411 1.188 . 3 1 
20 5.7RI 1.39~ 1.18~ .319 
25 5.9 1.37 1.17 . 273 ,g 6.002 1.3~0 1.162 .2~9 

5 .80~ 1.28 1.13~ .1 7 
~g 4.29 1. 228 1.10 . 14.

A . ~6, 1.166 1.08u .11 
~g 3. 6 1.1* 1.0~3 . 092 

2 .62~ 1.0 1.0 2. . ob8 
90 1.:to: . 95 .978 . 044 
95 • 07 . 906 .952 .029 

100 .126 0 0 (J 

L. E. radius: 1. 58 percent c 

NACA 0012 basic thickness form 

NATIONAL ADVISORY 
COMMITTEE FOA AERONAUTICS 



S7 

2.0 

1.6 

1.2 

.B 

o 

NACA ACR No. L5 C05 

NACA 0015 

L --............ r--... 
/ I ~ I--

............... 
~ 

"-- -....... 

1\ 
\ 
\ 

V r-- t-- -I'-- -~ ~ 
t-

o .2 . !., 
/ 

.6 
x c .8 1 . 0 

r----

(perc~nt c) (perclnt c) (v/v)2 v/V t.vaf'V 

0 0 0 0 1. 600 
. 5 ----- . 546 

J~& 1'112 1. 25 2 . ;~~ · 9;; 1. 12 
2· 5 , . 26 1. 2;7 1. 112 .900 
5· 0 .44; 1. 450 1.204 .675 
7· 5 5. 250 1. 498 1.224 

:a1~ 10 g .8~; 1. 520 1.2;; 15 .6 2 1· 520 1.2;; .;81 20 7.172 1. a10 1 .22~ .;20 25 7 ·427 1. 84 1.21 .27h 
tg 7 ·502 1. ~gO 1. 20~. .2~9 Z·254 1. ; 9 1.170 . 1 5 50 . 617 1. 279 1.1;1 . 146 60 4. 704 1. 206 1. 098 . 115 
~g . 580 1.1l2 1. 064 .090 

; .279 1. 09 1. 024 .065 90 1.810 .~5 . 972 . 041 
~6 1 . 00~ • 2 ·9;4 . 027 . 15 0 0 0 
L. E. radius: 2. 41:l pe r'cen t c 

NACA 0015 basic thickness f orm 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 



NACA ACR No. L5C05 

2.0 

1.6 

1.2 

.8 

.4 

o 

NACA 0018 

( .......... 

~ i'-.. 
I .......... 

i'--. t--... 
........ 

~ r-.... 
.......... 

1\ 
\ 

V 
f-- - r--I---

i"-- l.---~ f--
I-- -

o .2 .4 
xjc 

.6 .8 1.0 

x 
(percent c) (perceht c) (v/V)2 v/V AvaiV 

0 0 0 0 1.342 
·5 ----- . ~65 . 682 1. 178 

1.25 2.841 • 57 . 926 1.028 
2.5 3.922. 1.217 1.103 .861 
5·0 5.332 1. 50~ 1.228 .662 
7.5 6.300 1. t9 1. 26t .,55 10 A·02~ 1. 28 1.27 • ~9 15 . 01 1. 633 1.278 . 3 1 20 8.606 1. 625 1.2p .320 

~3 8.912 1. 5§2 1.22 .27~ 
~ . 003 1.46 1.247 . 23 

40 .705 1. 53 1.20f .184 
~g Z : ~~ 1.3Rl 1.15 .144 

1.2 6 loll .113 
~g 5.49 1.153 1.074 . 087 

3. 935 1. 051 1. 02~ .063 90 2 .172 . 933 . 96 . 039 
95 1. 210 .836 . 914 . 025 100 .189 0 0 0 

L. B. r adius: 3.56 percent c 

MACA 0018 basic thickness form 

NATIONAL ADVISORY 
COHHITTEE FOR AERONAUTICS. 
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89 

2.0 

1.6 

·8 

·4 

o 

NACA AC R No. L5C 05 

NACA 0021 

! ~ 
~ 

I '" ~ 
I ~ 

~ 

~ I'-. 
'" f'\ 

j 

V 
V- - t-- r----r---t:::--. 

~ ~ 
~ 

~ 
I- - j.---

o .4 / . 6 x c 
.8 .2 1. 0 

( perc~nt c) (perclnt c) (vjv)2 v/v AvaiV 
0 0 0 0 1.167 

. 5 ----- .3~7 .6~0 1.06
6 1. 25 ~. 316 .7 7 .8 7 .~4 2. 5 . 57 1.182 1.087 • 18 

5 .221 1 ·~h3 1.242 .648 
7.5 ~. 350 1. 2 1.297 .~50 10 .194 1.73t 1.317 • ~8 15 9.34 1 .7~ 1.325 .3 1 

20 10. 0 0 1.7 1. 320 .320 
25 10.397 l ·l06 1.306 .27~ 
Rg 

10 .5Ot 1. 6~ 1.2KO . 2a 
10 .1~ 1 .5~ 1.2 0 .1 3 

6g 9. 2 6 1.3 8 1.178 .142 
Z · ~8 1.284 1.1

A
3 .111 

Ag • 12 1.177 1.0 5 .084 
4·591 1.055 1.027 .061 

90 2 .~34 .§16 .~57 .037 
95 1. 12 • 01 • 95 .023 

100 . 221 0 0 0 
L . E. rad i u s: 4. 1::15 pe rcent c 

NACA 0021 basic t h icknes s fonn 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 



N ACA ACR No. L 5C05 810 

2.0 

1.6 

1.2 

.8 

·4 

o 

NACA 0024 

v--~ 
I ~ 
I ~~ 

~ 

~ 
~ 

........ 

"" '" \ 
V r---r--r---r---
.~ I---!---

~ ~ 

0 .2 ~4 .6 .8 1. 

x 
(peroent c) (perclnt 0) (v/V)2 v/V Ava/ll 

0 0 0 0 1.°tO 
·5 ----- .335 :~7~ . 9 4 

1.25 3.788 .719 
1.0h 

.870 
2·5 5.229 1.1~0 .pl 1. 0 ~.109 1.5 8 1.2 . ~ .5 .400 1.~48 1.322 . 5 

10 9.365 i:8~~ 1.354 :~~~ 15 10.691 1.3I~ 20 1l.~~5 1.871 1.3 .321 
25 11. G 1.822 1.350 . 27~ 
~g 12.00 1·777 1.333 .2§ 

1l.60~ 1.631 1.274 . 1 1 
tg 10.58 1·450 1.20 .140 

9.12~ 1.325 1.151 . 109 
~g 7.32 1.203 1.097 . 082 

5. 24l l:g~i 1.0tt . 059 
90 2.89 .O~ 95 1.613 .773 :~79 .0 

100 .252 0 0 0 
L. E. radius: 6.33 percent c 

NACA 0024 basic thickn ess form 

NATIONAL ADVISORY 
COMMITTEE FOA AERONAUTICS. 
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811 

1.6 

1.2 

2 

(~) .8 

·4 

o 
o 

NACA ACR No. L5C05 

NACA 16-006 

-~ 
\ 
\ 

i 
.2 ·4 x/c 

.6 .8 1.0 

x 
(percent c) (perclnt 0) (v/V)~ v/v 6Va fV 

0 
'1.25 
2· 5 
5·0 
7·5 

10 
15 
20 

4g 
~g 
~g 
90 
95 

100 

0 0 0 ~:~~g .646 1.059 1.029 
· 903 1.085 1.042 . 280 

1.2 5~ 1 .097 1.047 . b89 
1. 51 1.10~ 1.051 : ~n 1.729 1.10 1.053 
2. 067 1.112 1.055 ·379 
2· 332 1.116 1.057 .3~ 2·709 1.123 1.060 .2 
2. 927 1.132 1.06t .19 
3 · 000 1. 1U 1.06 .160 
2 · 917 1.1 1 .068 .130 
2. 635 1.132 1.064 .104 
2 . 095 1.104 1.051 '°7/ 1.259 1. 035 1 . 017 . 0 9 

·707 .962 .981 .032 
. 060 0 0 0 

L. E. radi u.s: 0 .176 percent c 

NACA 16-006 basi c thi ckness form 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 



NACA ACR No. L5C05 812 

1.6 

1.2 

·4 

NACA 16-009 

r- ---. 
~ 

\ 
\ 

[...--- - :---
I'-- r---

.2 ·4 x/c .6 .8 1.0 

x 
(percent 0) 

y 
(percent c) (v/V)2 v/V 6valV 

0 0 0 0 ,.644 
1.25 .964 1.042 1.021 1.3~0 

:g~tt 2·5 
5·0 

16. 5 

15 
20 

19 
tg 
~g 
90 
95 

100 

1.~~ 1.109 1.0t3 
1. 2 1.139 1.0 7 
2.274 1.152 1.07t :'14 
2·593 1.1~ 1.~ .37~ 3.101 1.18 1.0 1 

a· 428 1.177 1.085 ·319 
.063 1.190 1.091 .241 4.391 1.202 1.096 .19 

4.500 1.2~1 1.100 .160 

4°T 1.26t 1.106 .131 
3.9 2 1.20 1.099 .103 
3.1 ~ 1.146 1.075 'Ol6 1.8 1.03 1.022 .0 7 
1.061 ·939 .969 .030 

.090 0 0 0 
L. B. radius : 0.396 percent c 

NACA 16-009 basic thickness form 

NATIONAL ADVISORY 
COMMITTEE FOA AERONAUTICS. 



813 

1.6 

1.2 

2 

(~) .8 

.4 

o 

NACA ACR No. L5C05 

NACA 16-012 

-- ~ 

( ~ 

\ 
\ 

r--- r-----t-----t--- ~ ~ 

o .2 .4 .6 .8 1.0 
x/a 

x y (V/V )2 v/ v t::.va/v (percen t c) ~e rcent c) 
0 0 0 0 2.62~ 
1.25 1.292 1.002 1.001 1.26 
2.5 1.805 1.109 1.0

A3 .242 
5·0 2·509 1.173 1.0 R .1)77 
7·5 ,.032 1.16J 1.09 ·a51 

10 R·457 1.2 1.099 • 7§ 
15 4:~n 1.223 1.106 .37 
20 1.237 1.112 ·319 
~g 5.~17 1.257 1.121 .245 

t· 55 1.2~1 1.128 .197 
50 .000 1.2 6 1.134 .11>1 
1)0 5· 835 1.293 1.137 .131 

~g 4.269 1.275 1.129 .102 
.199 1.203 1.097 .075 

90 2.4i7 1. 051 1.025 .045 
95 1. 5 . 908 · 953 .027 

100 .120 0 0 0 

L. B. radius: 0.703 percent c 

NACA 16- 012 basic thic kn ess fo rm 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 



NACA ACR No. L5C05 

1.6 

l.2 

2 

(~ .8 

·4 

o 

NACA 16-015 

---- -~ 
/ r--.. 

( "\ 
\, 

\ 

V-~ -------I'--- -----o 

'--- -
.2 .4 I .6 x c .8 

x 
(percent c) (perclnt c) (v/V)' v/V A Va/V 

0 0 0 0 2.041 1.25 1.615 .956 .978 1.209 2.5 2.257 1.105 1.051 .916 5·0 ,.137 1.200 1.095 .068 
7·5 ,.790 1.2'~ loll, '447 10 .,22 1.25 1.121 • 71 15 5.168 1.278 1.1,0 .'7~ 20 t'S,O 1.297 1.1,9 .,1 ,g ·772 - 1.,27 1.1~2 .245 7.,lS 1.,tZ loll .ll7 

~g 7.500 1., 1.168 .1 1 
t~~' 1.'illi 1.1~2 .1,1 

~g 1., 1.11 .102 5.2~ 1.254 1.l20 .OK4 90 ,.1U 1.05, 1.026 .0 , 
95 1.7 .875 ·9,5 .025 100 .150 0 0 0 

L. B. radius: 1.100 percent c 

NACA 16-015 basic thickness form 

NATIONAL ADVISORY 
COHHITTEE FOR AERONAUTICS. 
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815 

1.6 

1.2 

2 

(~) .8 

.4 

o 

l 

NACA ACR No. L5C05 

NACA 16-018 

---
~ - ~ 

/ 

"" I \ 

\ 
\ 
\ 

~ 
f.---- - ------t---

'----I-- -----
~ --o .8 

/ 
.6 

x c ·4 1.0 .2 

(-oerc~nt c 1 
y 

(percent c 1 (V/V)2 v/v t::.VaiV 
0 0 0 0 1.744 
1.25 1.938 ·903 .940 1.~0 
2·5 2.708 1.092 1.0 5 .8 3 
5·0 4·76~ 1.217 1.10~ .6ll 7·5 .54 1.271 1.12 :~ 8 10 ~.186 1.302 1.141 

15 .202 1.332 1.154 .376 
20 6.996 1.357 1.11>5 .318 
~g 8.126 1.~9 1.18~ .24~ 

8.782 1. I> 1.19 .12 
~g ~.OOO 1.447 1.203 .11>2 

.752 1.452 1.205 .131 
Ag ~.90~ 1.421 1.142 .102 

.29 1.306 1.1 3 .olJ. 
90 3.776 1.051 1.025 .0 
95 2.122 .837 .915 .024 

100 .180 0 0 0 
L. K. r adi u.s: 1. 584 percent c 

NACA 16-018 basic thickness form 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 



NACA ACR No. L5C05 S16 

1.6 

1.2 

2 

(~) .8 

·4 

o 

NACA 16- 021 

--r-- ----~ ----/ 
v 

1\ 
/ \ 

1\ 
\ 
\ --~ --r------V ~ 

I'-- ~ 
~ --I-- l.----

o .2 .4 I .6 x c 
.8 1.0 

x y (v/V )2 ll.vaJV (percent c) (percent c) v/V 
0 0 0 0 1. 574 
1.25 2.261 .826 ·909 1. 06

A 2·5 ~.159 1.062 1.031 . 82 
5. 0 ·391 1.221 1. 10~ .640 
7.5 5.306 1.2~ 1.13 .,34 

10 6.050 1.3 1.159 • 6, 
15 ~.236 1.lll 1.179 · 37 
20 .162 

1. ~ 1.191 . 317 

R8 9 . 480 1.47 1.214 . 24~ 
10. 246 1. 50 1.227 .19 

~g 10·500 1.53~ 1 . 239 .162 
10 .211 1.49 1.239 . 131 

~g 9 ·221 1. 95 1.223 .102 

'4'R48 1.361 1 . 166 .olJ. 
90 • 05 1.039 1.019 . 0 
95 2. 476 .801 . 895 .023 

100 .210 0 0 0 

L. E. radius: 2.156 percent c 

NACA 16-021 basic thi ckness fonn 

NATIONAL ADVISORY 
CO/l4/14ITTEE fOR AERONAUTICS. 



817 

2.0 

1.6 

1.2 

o 
o 

NACA ACR No. L5C05 

NACA 63,4-020 

~ I I I I I v--c , = .44 Upper eurface 

V--"'" "'" V o 
~ ~ 

I V ----~ ~ ~ / ~ 

I II 1'-.44 Lower surface ~ ~ 
/ 

~ 

~ 
I "'-
I 
V ~ - I--I----'--

~ ~ --t--- - f-- :.---
.2 .4 .6 .8 

x/c 
x y 

(V/V)2 vN llva/V (percent c) I (percent c 1 
0 0 0 0 1.;~5 .5 1'1J4 :~ .666 1.2 0 

.15 2. 1 .118 1. 201 
1.25 2.6;8 .820 .906 1.072 
2·5 R· 606 1.080 1.0;9 .846 
5.0 ~:~n 1.2~7 1.1;0 . 645 
7.5 i:R5~ 1.176 .,4; 10 • 00 1.207 

15 8.090 1.~51 1.245 : ;~t 
20 9.006 1. 14 1.2~0 .;~O 25 9.6;0 1.6~9 1.2 8 .2 9 
,0 9.95~ 1.6 9 1.,00 .257 

R6 9.9~ 1.6,0 1.277 .219 
9.7 t 1.507 1.252 .122 

45 t~~9 1.,00 1.225 .10a 50 
1. " 

1.127 .14 
2J 8.14, 1.,02 1.107 .128 

l:R~~ 
1.288 1.1,5 .112 

65 1.21, 1.101 .0~7 70 
,:ttt6 

1.1;7 1.066 .0 4 
~6 1.05~ 1.029 . 071 

,.401 'A7 .989 .0,2 85 2.,42 • 96 .947 .0 0 
90 1.,48 .811 .~01 .0,6 
95 ·501 .~28 • 5, .02, 

100 0 • 51 .807 0 

L. E. radius: ,.16 p ercent c 

NACA 6,.4-020 basic thickness f orm 

NATIONAL ADVISORY 
COMMITTEE roD UDnIUIITU"" 

1.0 



NACA ACR No . L5C0 5 S17a 

1. 6 

1. 2 

(v/ . 8 

·4 

NACA 63-006 

(0 ,.-~ CL = .03 Upper surface 
f 

rr?< ~ I . 
t-- .03 Lower surface ~ F--..... 

~ r--

---
. 2 .4 / .6 x c 

.8 

x y (v/V)2 v/V t.veJv lpercent cJ L(Qercent c) 
0 0 0 0 4.483 

. 5 . 503 · 973 . 986 2.110 

. 75 • b09 1.0~0 1.025 1.778 
1. 25 . 771 1.00 1.034 1. 3A9 
2· 5 1.°6~ 1.ll0 LOt .2 1 
5 1.4 1.1~ 1.03 .b22 
7. 5 1. 766 1.1 1.069 'Gb2 

10 2. 010 1.149 1.072 .84 
15 2. 386 1.159 1.077 .384 20 2. 64f 1.1b 5 1.~9 .321 
25 2.8 1.1~~ 1. 2 .279 
30 2. 954 1.17 1.084 .24$ 
~6 3· 000 1 . 1~~ 1.082 .21 

2 . ~71 1.16 1.079 .196 
45 2. 77 1.1~1 LOp .176 
50 2. 723 1.1~ LO b .~8 
g6 2. 517 1.11 1.0~7 • 1 

2. 267 i . 096 1.0 7 .125 
65 1. 282 1.°rt 1. 036 .1ll 
70 1. 1)70 1.0 1.023 .0~8 
l6 1. 342 1.020 1.010 .0 5 

1.008 . 994 . 997 .Op 
85 . 68 3 . 965 . 982 .0 0 
90 .38~ . 93b . 967 .047 
95 . 13 · 910 . 954 .032 

100 0 .• 886 . 941 0 

L.E . r adius: 0. 297 percen t c 

NACA 63 -006 basic thickness form 
NATIONAL ADV':'ORY 

COMMITTEE FOR AERONAUTICS 

1.0 



S17b 

1. 6 

1. 2 

2 
(V) . 8 

.4 

o 

- -- -------~~-----

NACA ACR No. L5C 05 

NACA 63-009 

c L = .08 Upper surface 
/' W-fO ~ 

1/ V- I I ~ 
~ 1-- .08 Lower surface ~ 

II ~ 
~ 

V-
I---

0 . 2 .4 . 6 .8 
x/c 

x y (v/V)2 v/v t.vafV I (percent c) I(percent c ) --
0 0 0 0 '.0~8 

· 5 . 749 . 885 . 941 1.8 9 
· 75 . 906 1. 002 1. 001 1.647 

1. 25 1.1~1 1. 051 1.025 1.339 
2. 5 1. 5 2 1.1~0 1.06, .261 
5 2. 196 1.1 0 1.086 .089 
7. 5 2. 65

K 
1. 205 1. 098 '460 

10 3. 02 1. 221 1.10~ :,~ 15 3· 591 1.241 1.11 20 &. 997 1. 2 5
G 

1.120 .,?4 
25 . 275 1. 26 1. 12t .281 
30 4. 442 1. 269 1.12 .248 

46 4 . ~0 1. 265 1.125 . 220 
4. b 1. 255 1.120 .196 

45 4. 29 1. ~ 3~ 1.111 . 175 
50 4. 056 1. 20 1.0~~ 'i46 
55 3· 739 1. 175 1. 0 • 0 
60 3. 358 1.141 1. 06 .121!-
65 2 . ~28 1.104 1.051 .109 
70 2. 28 1. 065 1.032 .0~5 
~6 1. ~ 6 1. 02~ 1.012 .0 2 

1. 71 . 98 . 992 .069 
85 · 990 . 942 . ')71 . O~ 90 · 550 : e~$ . 9~0 .0 
95 . 196 . 9 2 .030 

100 0 . 838 · 915 0 
L. E. r adi us : 0. 631 perce nt c 

NACA 63 -009 bas i c. th i ckn e ss f c I"I1l 

NAT IONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

1 . 0 



NACA ACR No. L5C05 

1.6 

1.2 

('fr/ .8 

.4 

l NACA 

~ CL = .10 Upper surface 

,. -~ 0/ ,..--
~ I--

If/ v --..:::::::: ~ ~.10 Lower surface 
~ 

r; ~ 
'-

l------
'-----I--

.2 .4 
x/c 

.6 .8 

x 
(perc~nt c) (v/V)2 v/v t:.vafV (percent c 

0 0 0 0 2. 7J.5 
.5 .8~ .841 .917 1. 5 
·75 1.0 .978 .98§ 1. 603 

1.25 1.27t 1.037 1.01 1.316 
2·5 l·lIZ 1.131 1.063 .9.g2 
5·0 2. 0 1.193 1.092 .il 7 
7·5 2. 9tO 1.223 1.106 'E6O 

10 3.3 2 1.245 1.116 :3~ 15 t~~ 1.2~0 1.127 
20 1.2 t 1.1~ .325 

~3 ttJ~g 1.29 l'M .282 
1.302 1. 1 .248 

,3 ~.ooo 1. 2~9. 1.140 .220 
.938 1.2 b 1.134- .196 

45 4.766 1.262 1.123 .17t 50 4.~6 1.231 1.110 .15 

~6 4. 0 1.1§4 1.092 .139 
3. 71~ 1.1 1.074 .12~ 

65 3.23 1.113 1.0~ .10 
70 2·7l2 1.069 1.0 .0~4 
~3 2.166 1.025 1.0l2 .0 1 

1.618 · 979 .989 .062 
85 1.088 . ~ 3 5 .967 . O,b 
90 .604 • 93 .9~ .0 3 
95 .214 .853 ·9 .030 

100 0 .822 ·907 0 
L.E. radius : 0.770 percent c 

NACA 63 -010 basic thickness form 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

1.0 

S17 c 



S17d 

1.6 

1.2 

.4 

NACA ACR No. L5C05 

NACA 631-012 

".-
I-- CL = .14 Upper surface 

f --r 0 ---- t3:::: ~ :/ 
------- ----= 

(; ,/ -..........: 

~ .1u Lower s urface ~ 
-....::: 

II , 
'-

V-- f---- r--t--

r--- I---- I-

.2 .4 .6 .8 
x/ c 

(perc~nt c l (nerc%nt c l (V/V)2 V/V AVafV 

0 0 0 0 2.336 

:15 
. 98~ · 750 .866 1.695 

1.19 . 925 . 962 1·513 
1.25 1. 519 1. 005 1. 003 1.26b 
2.5 2.102 1.129 1.063 . 9.~3 5 2.925 1. 217 1. 10, .6 2 
7.5 4. 542 1. 261 1.123 

:'~4 10 .039 1. 294 ] .138 
15 4.7~ 1.

3r 1.153 .38~ 20 5·3 1. 3 9 1. 161 .32 
25 5·712 1.3 2 1.167 . 283 
30 5·930 1.370 1. 1~0 .249 
,6 b. ooo 1.;66 1.1 9 .221 

5. 920 1. 348 1.161 .196 
45 5.704 1. 31~ 1.148 .174 
50 ~.370 1. 27 1.130 .155 
~6 . ~5 1. 229 1. 109 . 137 4. 0 1.181 1. 08~ .121 
65 3. 40 1.131 1.06 .106 
70 3.210 1.076 1. 037 .091 
~6 2.556 1.023 1. 011 .079 

1· 902 . 969 . 984 .067 85 1. 274 . 920 · 959 .o~ 90 . 707 . 871 . 933 .0 
95 . 250 .826 . 909 .029 100 0 · 791 .889 0 

. L.E . radius : 1. 087 percent c 

NACA 631-012 basic thickness form 
NATIONAL ADVISORY 

COMMITTEE fOR AERONAUTICS 

1.0 



NACA ACR No. L5C05 ·S17e 

1.6 

1.2 

.4 

V CL = .22 Upper surface 
/ 

1 ........... 

~ 
----

I- --
/ V--

/ 
r--=: ~ ~ 

II / ~ .22 Lower surf ace ~~ ~ 

7 ~ 
~ ~ -..... 

V I-- t--t---

~ ~ I---I----
t-- -

.2 .4 .6 .8 
x/c 

x 
(oerc;nt cl (v/V)2 v/v flvaJV 

(nercent c l 
0 0 0 0 1.918 

.5 1.204 . 600 ·775 1.513 

.75 1.~62 .822 .907 1.3~9 1.25 1. 78 .938 .969 1.1 2 
2.5 2.610 1.1~ 1.0~1 .90~ 5 ~.648 1.2 1.1 5 .67 ~ 7.5 :~~~ 1.315 i:itZ :~g7 10 1.~60 

15 6.011 1. 1l 1.190 .38~ 20 6.693 1.44 1.202 .3~0 25 7.155 1.46i 1.211 .2 6 30 7.421 1.48 1. 214 .251 
~6 7·500 1.47~ 1.21 .222 

7.386 1.44 1.202 .196 
45 Z·029 1. 401 1.184 .174 
50 .6o~ 1.345 1.160 .153 
g6 6.10 1.281 1.132 .13~ 

a·4~3 1.220 1.105 .11 
65 .7 1 1.~5 1.075 .102 
70 3.934 1. 5 1.042 .088 
~6 3.119 1.019 1.002 .0~6 2.310 · 953 .976 .0 3 85 1:$~} .894 .946 .051 90 .839 .§16 .039 
95 .300 .789 • 88 .026 100 0 .750 .866 0 

L.E. radius: 1.594 percent c 

NACA 632-015 basic thlckness form 
NATIONAL ADVISORY 

COMMITTEE fOR AERONAUTICS 

1.0 



"817 f .NACA ACR No. L5C05 

~ C L = . 32 Upper surface 

1. 6 
( ~ 

~ 

V 
j.---"' ---... 

~ 0 ~ 

I / 
V ~ 0 ~ 

I ~ . 32 Lower s urface ~ ~ 
1. 2 

/ ~ ~ 
1 ~ 

.4 
I 
V ---- - r--!---I--

~ I--~ 
r--- I------o 0 . 2 .! . :, . 8 1. o 

x/c 

x 
:(p_ercen t c) (Derc~nt c) (v/V)2 v/v b. va!' 

0 0 0 0 1.639 

: ~ 5 1.404 of :§~~ 1.361 
1. ~13 • 0 1.258 

1. 25 2. 17 • 8 .921 1.105 
2. 5 &.104 1. 0 5 1.032 . 811 
5 . 362 1.260 1.122 .6 3 
7. 5 5. 308 1. E.6O 1.166 

:~§E 10 6. 068 1. 24 1. 193 
15 J . 22~ 1·500 1.2tR .390 20 . 04 1. 547 1. 2 . 333 25 8. 600 1. 57~ 1.257 . 289 
30 8· 913 1. 5~ 1.264 .253 
~6 9· 000 1. 5 5 1.~9 . 223 

8 . ~5 1.250 1. 5 .197 
45 8.4 2 1. 90 1.221 .173 
50 7. 942 1.411 1.188 .152 
55 7. 256 1. 330 1.153 .133 
60 6.455 1. 252 1.119 .115 
65 ~ . 567 1.1711 1.082 

: g~4 70 . 622 1.0 . 1.04~ 
J3 , . 650 1. 009 1. 00 . 072 

2 . 6~ 1 : 6t~ . 96 :g4§ 85 1.77 .~32 90 . 986 .807 • 98 . 036 
95 . 34 .7i3 .868 .024 100 0 .7 2 . 844 0 

1-.-
L.E . radius : .--- 2. 120 percent c 

llhCA 637. -018 bas i c thicy.ness form 
./ NAT IONAL ADV ISORY 

CO~MITTH FDA AERONAUTICS 

l 



NACA ACR No. L5C05 S17g 

2.0 

1.6 

1.2 

.4 

o ( 

( 
~ 

~ I--- CL = .;8 Upper surface 

I V ~ ~~ /' 

0 V j----.. "'" ~ / /" ~ 

/ V "'-

~ ~ / 
/ I~ .38 Lower surface ~ ~ I 

i ~ ~ 
1 ~I' 

I 
V ~ r--- r--

-----t---

~ --I--
t::::--:--", --~ .2 . .6 .8 

x/c 
x 

li£ercent c) I(perc~nt c) (V/V)2 v/v t.vafY 
0 0 0 0 1.439 
·5 1. 58; :~lt .524 1.236 
·75 1.9~1 • ~51 1.156 

1.25 2·5 
1:bI6 • 51 1.0~ 2-·5 ;.5F 1.005 .8 

1.5 
5.0 5 1.260 1.122 .65~ 6.182 1.~4 1.lBl 

:t~~ 10 ~.080 1. 7 1.219 
15 .441 1.692 1.262 .392 20 9.410 1. 5§ 1.286 .335 25 10.053 1.69 1.303 .291 30 10.412 1.721 1';12 .255 
46 10.500 1.70~ 1.307 .22~ 10.298 1. 65 1.286 .19 
45 9 . B5t 1.G7 1.256 .173 50 ~.20 1. ~9 1.216 .150 
55 ·Ut° 1.3 0 1.175 .130 60 l" 1 1.281 1.1~2 .112 65 .396 1.180 1.06 .0~6 70 4. 290 1.084 1.041 .0 1 
~6 .160 . 994 .99~ .068 

;.054 .~1l .95 :g,~ 85 2.021 • 34 .~1 90 loll; ·77 • 80 .035 
95 • ;92 .721 .849 .023 100 0 .676 .822 0 

L.E. ;radius: 2.650 percent c 

NACA 634-021 basic thickness form 
NATIONAL ADVISORY 

C01414ITTEE FOR AERONAUTICS 

1 • o 



S18 NACA ACR No . L5C05 

NACA 64,2- 015 
I I I I I 

1.6 ~Ct = .20 Upper surface 

3-f-

""" 
/ 

V 
V--V--~ ~ ./ ~ 

( / ~'-- .20 Lower surface ~ ~ 
1.2 

"'" 2 

(V) .8 / ~ ~ 
I 

, 

.4 -V--~ I--r--t--
I'---- I--!---
~ -~ 

o 
o .4 .6 .8 . 2 

x/c 
x y 

(percent c) (percen t c ) (vjV )2 vti AVa/V 
0 0 0 0 1. 930 

· 5 1. 216 .~10 . 843 1. 500 
. 75 1.~5 3 . 25 .908 1.359 

1.25 1. 2A .962 .981 1.161 
2· 5 2 ·53 1. 122 1.059 ·911 
5· 0 E·511• 1. 2~~ 1.111 .678 
7·5 .~~ 1. 2 1.135 '453 10 4.83 1. 323 1.150 . ~7 15 5· 781 l'E71 1.1£ ·3 3 20 6.464 1. 01 1.1 · 325 

25 6. 967 1.422 1. 192 .285 
30 7.407 1.441 1. 200 .253 

E3 7. 81 1.458 1. 207 .227 
7.480 1.471 1.213 .202 

45 I·268 1.432 1.127 .175 
50 .850 1.366 1. 169 .156 
55 6. 311 1.29~ 1.140 .137 
60 4.670 1.26 1.1S1 .122 
65 . 944 1.1 1.01 .102 
70 4.158 1.102 1.050 . 086 

~6 3· 338 1. 039 1.019 .080 
2. 506 . 973 .986 . 071 

85 1. 698 . &0 ·954 . 056 
90 · 961 • 9 .§21 . 039 
95 · 351 .791 • 89 

100 0 ·739 .860 
- I 

L. E. rad iu.s : 1. 65 percent c 

D ' D2~j 

NACA 64,2- 015 basic t hickness form 

NATIONAL ADVISORY 
COMMITTEE f OR AERONAUTICS. 

1.0 

J 



NACA ACR No. L5 C05 S18a 
April 2, 1945 

NACA 64-006 

1. 6 

---f0 /" 
~CL = .02 Upper surface 

1.2 

V '--- I T-----1-.02 Lower surface .............. 

2 

(~) . 8 

.4 

o 
o . 2 .4 

x/c 
.6 .8 

x 
c) 

y 
(v/V)2 v/v (percent (percen t c ) 

0 0 0 0 
·5 •49t . 99~ ·997 
.75 ·59 1.05 1.029 

1.25 ·754 1.0~ 1.042 
2 ' 6 1.02~ 1.1 1.0~g 5· 1.40 1.119 1.0 
7·5 1.692 1.128 1.062 

10 1.928 1.1~t 1.065 
15 2.298 1.1 1.071 
20 2·572 1.154 1.074 
25 2.772 1.160 1.077 
30 2.907 1.16~ 1.0~9 

R6 2.981 1.16 1.01 
2·995 1.171 1.082 

45 2.919 1.160 1.0F 
50 2 ·775 1 . 14~ 1.09 
g6 2 · 575 1.12 1.060 

2.331 1 .102 1.050 
65 2.040 1.07~ 1.039 
70 l'7jO 1.05 1.024 ~6 1. 2 1.02 1.01 

1.072 1 .000 1.000 
85 'lJ7 · 970 .985 
90 . 3 .93~ .969 
95 .157 . ~o · 953 

100 0 . 76 ·936 
L.E. radius: 0.256 percent c 

NACA 64 - 006 basic thickness form 

--- -------

1.0 

6.VafV 
4.623 
2.1~5 
1.7 0 
1.418 

'682 
. 92 

'460 
. 83 
.385 
.321 
.279 
.246 
.220 
.198 
.178 

:~ 
.126 
.112 
.0~8 
.0 5 
.0~2 
.0 0 
. 047 
. 031 

0 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



S l S b NACA AC R No. L5 C0 5 
Apr il 2, 1945 

1.6 

1. 2 

. 4 

o 

NACA 64-008 

/0 L 
e- c ~ = . 04 Upper surface 

I 

V F-'C t----. 04 
~ ~ Lower s urface ~ 

~ ............... 

I,---

"-----

o .2 .4 .6 .8 1. 0 
x/c 

x 
(percent c ) 

y 
(pe r cent c) (v/V)2 v/v 6 Va/ V 

0 0 0 0 
· 5 .658 · 912 .95" 
·75 ·794 1.016 1 . 00A 

1. 25 1 . 005 l.0a. l. 0~ 1 
2· 5 1 . 365 1. 127 1. 0 2 
5· 0 1. 875 1.1t2 1. 0~3 
7. 5 2 . 25~ 1.1 7 1.00 

10 2 . 5l 1.179 1.086 
15 3. 0 9 1. 19~ 1. 093 
20 3.437 1. 20 1. 099 
25 3 .~04 1. 217 1 . 103 
30 3. 84 1. 225 1. 107 

26 3· 979 1.230 1. 109 
3· 992 1. 235 l.111 

45 3 . 8~ 1. 220 1 .105 
50 3. 6 1.191 1. 091 

26 3.411 1. 163 1.0lB 
3.oBl 1.133 1.0h 

65 2. 704 1.102 1.050 
70 2. 291 1. 069 1.03t 
~6 1. 854 1. 033 1. 01 

1.404 .995 · 997 
85 · 961 . 95~ · 978 
90 · 550 . ~1 .958 
95 . 206 . 78 ·937 

100 0 . 839 . 916 

L. E . radius : 0.455 percent c 

NACA 64 - 008 bA.sic thickness fo r m 

3. 544 
1 . 9~t 1./) 
1.367 

.962 

0 

.688 
'Z60 • 80 
· 385 
· 323 
. 272 
.246 
. 220 
. 198 
.176 
. ~8 . 1 
. 125 
.110 
. 0§6 
. 0 3 
. 071 
. 0~9 .0 6 
. 031 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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NACA ACR No. L5C05 

1.6 

i? 
T 

~ 
1.2 

2 

(V) .8 

.4 

.-----
'----

o 
o 

-r--c: 
I- .06 

.2 

x 

Lower 

.4 

----------

• 

S18c 
April 2, 1945 

NACA64-009 

~cL = .06 Upper surface 

~ 
I~ ~ surface ~ 

~ '-

.6 .8 1.0 
x/c 

(percent c) 
y 

(percent c) (v/V)2 v/V h/V 
0 0 0 0 

·5 .~39 .872 .934 
·75 . 92 ·990 .995 

1.25 1.128 1.075 1.037 
2·5 1.533 1.131 1.063 
1.0 2 .10~ 1.166 1.080 

·5 2.~4 1.186 1.089 
10 2. 9 1.200 1.095 
15 

3 :~~A 1.221 1.105 
20 1.2~6 1.112 
25 4.170 1.26 1.116 
30 4'ap 1.26~ 1.120 
,3 4. 9 1.2 1.12; 

4. 490 1.26~ 1.12b 
45 4. 36~ 1.24 1.116 
50 4.13 1.217 1.103 

n 3.826 1.183 l.088 
3.452 1.149 1.072 

65 3.026 1.112 1.05t 70 2.561 1.073 1.03 

~6 2.064 1.033 1.016 
1.56 . 992 .996 

85 1.069 · 950 ·975 
90 .611 'S07 ·952 
95 .227 • 65 ·930 

100 0 .822 .907 
L.B. radius: 0. 579 percent c 

NACA 64 - 009 basic thickness form 

3·130 
1.905 

1.
br 1.30 

0 

:t8t 
.,60 
• ~9 ·3 3 
.~23 
· 81 
.248 
.221 
.198 
.176 
.1,8 
.1 0 
.125 
.109 
.ge5 
• 2 .070 

'°al .0 
.030 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 



S18 d 

1.6 

1.2 

2 
(V) . 8 

.4 

o 

• 

NACA ACR No. L5C0 5 

NACA 64- 010 

.--c L = .08 Upper surface -

..9---1---~ 
V <-. --..:::::: . 08 Lower s urface ~ ~ 
I r" 

"--

l.---
r---

o . 2 .4 .6 .8 
x/c 

x 
c) (perclnt c) (v/V)2 v/V (pereent 

0 0 0 0 
· 5 .820 .8~4 .913 
· 75 . 989 .9 2 .981 

1.25 1.250 1.061 1.030 
2· 5 1. 701 1.1~0 1.063 
5 2. §43 1. 1 1 1.08$ 
7· 5 2. 2b 1.206 1. 09 

10 ~ . 221 1.221 1.105 
15 ~ . 842 1.~5 1. 116 
20 · 302 1.22 1.123 
25 4 . 63~ 1.2~5 1.12~ 30 4.86 1.26 1.13 

G6 4. 980 1.295 1.iG 4 . 988 1.300 1. 0 
45 tt : ~t 1.279 1.131 
50 1· 241 1.1~ 
~~ 4 . 238 1.201 1. 09 

3. 820 1.161 1. 07~ 
65 3. 345 1. 120 1. 05 
70 2. 827 1. 080 1. 03§ 
~6 2. 281 1. 036 1. 01 

1. 722 . 9~ · 995 
85 1.176 · 9 · 972 
90 . 671 · 90C! . 949 
95 . 2l~8 . 850 . ~22 

100 0 . 805 . 97 

L.E. radius; 0.720 percent c 

NACA 64 - 010 basic thic~me ss form 

AVa/V 

2 .815 
1.

81l 1.58 
1·313 

. 9~ .6 

:a~6 
.386 
.325 
.280 
. 246 
. 220 
. 199 
.176 
.158 
. 1~ . 1 
. 109 
. 095 
. 081 
. 069 
. 057 
. 044 
. 030 

0 

1.0 

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS 
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NACA ACR No. L5C05 

1.6 

1.2 

o 

c = .12 Uppel' Burtace 

r ~ -- ~ ~ --- r- --............: 
/' 

l/ K12 Lower 8urtace ~ ~ 
1/ ~ ~ 

k:::: .-- - r--t--

r--- - ~ 
o .2 .4 .6 .8 

x/c 
x 

(percent c) (perolnt c) (vjvf v/v A va/V 
0 0 0 0 2. 3I9 

·5 .978 .866 
.75 1.179 

1.490 
J~~ .941 

1.6 a 
1.,0 

1.25 1.020 1.010 1.271 
2.5 
5·0 
7·5 

10 
15 
20 
25 
30 

l6 
45 
50 

t6 
65 
70 

~6 
85 
90 
95 

100 

L. E. 

2.035 1.12~ 1.06, .9~3 2.810 1.20 1.097 .6 5 
3'S94 1.2~0 1.114 :GA~ ,. 71 1.2 ~ 1.124 

.620 1.29 1.1,9 .388 
5.176 1.320 1.19 .328 
5·A7 1. 338 1.156 .281 
5. 44 1. 321 1.162 .247 
5.9~8 1.32 1.167 .221 
5.9 1 1.372 1.171 .199 
5.7~8 1.3S5 1.156 .17~ 
5.4 0 1.29 1.136 .15 
~.0~6 1.243 1.115 .138 

.5 8 1.1E-G 1.093 .122 
3.974 1.1 1.070 .10~ 
'.350 1.091 1.0~ .08 
2.695 1.0g7 1.01 'Ol4 2.029 .9 1 ·990 .0 3 
1.382 ;~28 .963 .052 

.786 • 74 .93A 
.04

A .288 .825 'AO .02 
0 .775 • 80 0 

radius: 1.040 percent c 

NACA 641-012 basic thickness form 

NATIONAL ADVISORY 
COMMITTEE FOA AERONAUTICS . 
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1.0 



820 

1.6 

1.2 

.4 

o 

NACA ACR No. L5C05 

. 

Ct = .22 Up per surface --~ f'...:r--. 
/ 

K v----~ ~ ~ ./ ~ 

(; ~22 Lower surface ~ ~ 
/ """" ~ -.... 
I .......... 

V I--" r--r-- --r--- ~ -r--.. -
0 .2 .~ .6 .9 

x/c 

(perc!nt c) (perclnt 0) (v/,1)2 v/V Ava/V 

0 ° ° 0 1"3~ 
·5 1.208 .610 .819 1. 7 
·75 i:~~ 'A 2 .873 1-3~ 

1.25 • 96 .947 1.1 
2'6 2·52S 1.113 1'06§ .916 

lZ: 5 t~~ 1.2~1 1.1 .670 
1.24 1.1H .~9 

4.~ 1·323 l·UO • 2 
15 t·7 5 1.,75 1.1 2 ·389 
20 .480 1. 10 1. ~ .326 
25 6.985 1.434 1.19 •285 
30 7.,19 1.4~ 1.206 .250 
,6 7. 82 1.4 0 1.21a .22~ 

7.47, 1.4 t 1.21 .20 
45 Z·22 1.~ 1.19~ .17~ 
50 .810 1.365 1.16 .15 

~6 6 .. 266 1·300 1.140 .135 
,.620 1.233 1.110 .121 

65 .895 1.167 1.0S0 .105 
70 4.113 1.101 1.049 ·090 

~6 3.296 1.033 1.016 .0ZS 
2·t72 .967 .983 'OM 85 1. 77 .~02 ·950 .0 

90 .~o :t~a :agl .0 1 

166 
• 6 .031 

0 .S55 0 

L. B. radiusJ 1.590 percent c 
NACA 642-015 basic thicknesa form 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 

1. o 



NACA ACR No. L5C05 

1.6 

1.2 

2 

(V) .8 

o 

r I I I I I 
~c = .32 Upper surface 

----
,..--

~ ~ /"'6 
---I / 

..... ~ ~ ~ 
I ~~2 Lower surface ~ ~ 
I " ~ 
I I' 
I 

/ f--- ---------..... 
'-- ------ - ~ o .2 .6 .8 

x/c 
x '1 (v/V)2 T/V 6 Ta/V (percent c) (percent c) 

0 0 0 0 1.~6 
·5 1.428 ·546 :~~6 1., 0 
.7~ 1·720 'a05 1.26a 1.2 2.177 • 62 .920 1.12 

2·5 ~.OOt 10m 1.0~9 :~~ 5·0 .18 1. 1.115 
:,~~ 7·5 5. 076 1.,27 1.152 

10 ~.803 1',80 1.16a 
15 .9~ 1. ' 50 1.2 • ,91 
20 ~.7 2 1.497 1.224 ,'~1 
25 "a

1 1·535 1.239 .2 8 
,0 8·7 9 1·562 1.250 .25~ 
,6 8·979 1.~85 1.269 .22 

8·9.52 1. 00 1.2~ .200 
45 8.6,0 1.,18 1.2 .177 
50 8.114 1. ,6 1.198 .154 

66 Z:~~ 1.354 1.1~ .134 
1.272 1.12 .117 

65 tA2 1.190 1.091 .102 
70 '.8~ 1.10~ 1.0~ .088 

A6 1.02 1.0 'OZ4 2.888 'a52 ·97 .0 , 
85 1·951 • 79 ·937 .051 
90 1.101 .812 'a01 .039 
95 .400 'Z47 :8;tt 

.027 
100 0 · 95 0 

L. E. radius, 2.208 percent c 

NACA 643-018 basic thickness form 

NATIONAL ADVISORY 
COMMITTEE FOA AERONAUTICS. 
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822 

2. 

1. 

1. 

(vt 

NACA ACR No. L5C05 

NACA 6\-021 

Or I\:-- ~L = ~44 u~per lurta e 

v ~ ~\ f\. 6 

~ "-~\ / "" ! V "~ ~ 
2 I 11-f.44 Lower surface ~ ~ 

~ ~ 8 / 

I '-
4 I V-- --:---V r--I---
0"""""'" 

~ 
~ -- --:.---

0 .2 .~ . • :S 
x/c 

(perc!nt c) (perclnt c) (v/V)2 v/v Avalv 
0 0 0 0 1.458 

·5 1.~6 ·t62 .680 1.274 
·75 1·9 5 · o~ .~6 1.20~ 1.25 

2'r7 ·759 • 71 1.08 
2.6 ,. 85 1.010 1.005 .8Z 
5· • 71 1.248 1.117 .6 5 
7·5 Z·915 1.,58 1.16Z :,sZ 10 .76~ 1. ~1 1.19 

15 8.10 1.527 1.2}6 .}95 
20 9·095 i:l~ 

1.262 ·}}5 
25 9·807 1.281 .29} 
~O 10.269 1.6 1 1.29~ .259 

'6 
10·481 1·712 1.}0 .2;2 
10.4}1 1.zg9 1.}OZ .202 

45 10.030 1. 07 1.26 .178 
50 ~:~g4 1.,01 1.228 .15t t6 Z·67Z 1. 0 1.186 .1} 

1.307 1.14} .11 
65 .649 1.209 1.099 :~, 70 ,:a~ 1.112 1.055 

~6 1.020 1.010 .071 
~.287 .~32 .965 .0,9 

85 2.21} • 51 'a2
} .0 1 

90 1.245 ·778 • 82 .o~ 
95 .449 'Zll .8~ .0 2 

100 0 • 53 .80 0 

L. E. radiuSJ 2.884 percent c 

NACA 644-021 bas1c thickness torm 

NATIONAL ADVISORY 
CO""'TTEE fOR AERONAUTICS. 
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J 



NACA ACR No. L5C05 

1.6 

1.2 

2 

(V) . 8 

.4 

o 

NACA 65,2-016 
~ c~ = .20 Upper surface 

/ ~ ~ ~ 
/ 

V 
V--

l.--- ~ ~ /' 

I( / ~~. 20 Lower surface ~ ~ 
I( " ~ 
I """"" 

V ~ r---I---t---
'----- ~ ~ t-- l---

o ·4 .2 
x/c 

.6 .8 

x y (v/V)2 v/v ~Ta/V (percent c \ (percent c) 
0 0 0 0 1.250 
·5 1.202 .560 . ~4B 1.050 
.~5 1.42~ -

.6H . 31 1.500 
1. 5 1. 79 .B .918 1.275 
2·5 2·507 LoB 1.033 ·220 
5.0 ,.54g .1.217 1.10, .080 
7·5 ·31 1.2~ 1.13 :a~6 10 4.954 1.32 1.152 

15 6'158 l'E7/ 1.17# ·390 20 . 01 1. 9 1.1 ·325 
25 7. 2a2 1.433 1.197 .285 
30 7.6 5 1. 4i3 1.205 .255 

G6 7. 892 1.4~ 1.212 .225 
7·995 1.4 1.218 .200 

45 7.238 1.497 1.224 .180 
50 7.0~ 1.491 1.221 .160 

t6 ~:~Gf 
1.421 1.192 .140 
1.328 1.152 .125 

65 t71~ 1.2~5 1.111 .110 
70 1.071 .0~5 
A6 3'r i:~~ 1.028 .0 0 

2. 59 .9 0 .985 .066 
85 1. 17 .B .941 ,oao 
90 .~82 .816 ·tJi3 .0 0 
95 . 0 .769 . 7 .025 

100 0 ·733 .856 0 
L. B. radius : 1. 704 percent c 

NACA 65,2.016 baeic thickness form 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 
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"824 

2.0 

1.6 

1.2 

.8 

.4 

o 

NACA ACR No. L5C05 

NACA 65,2-023 
I I I I 

V f--tr 
~~ = .2 Upper surface -

/ 1--- ---
/ V ~v- ~ 1\ 111/ .2 Lower surface 

~ 
1/ / 

, 
~ 

'/ ~ 
~ 
~ 

'-

V --- :-------
~ ~ -= 

~ l---
r-- ---~ 0 .2 . 

x/c 
.6 .8 1. 

x 
(perc!nt c) (v/V)2 v/V 6v';V (percent c \ 

0 0 0 0 1.414 
·5 1.664 .400 .632 1.161 
.75 2.040 • ,00 :~gZ 1.084 

1.25 2.628 .082 .~67 
2.5 3.715 .943 · 971 • 11 
5.0 ,. ROO 1.232 1.110 .633 
7.5 O. 78 1.RP 1.173 '439 

10 ~:~~§ 1. 7 1. 211 • ~9 
15 1. ~7~ 1.256 .3 0 
20 9.91~ 1. 2 1 . 2~6 .324 
25 10.04- 1.655 1. 2 6 .2S1 
30 11.142 1.67~ 1. 295 .247 

,6 11.423 1.69 1.302 .220 
11.499 1.70 1.307 .198 

45 11.301 1.716 1 ·310 .1ZS 
50 10.949 1'112 1.308 .1 1 

~6 10.17~ 1. 06 1. 267 .147 
9.10 1-.428 1.195 .110 

65 7. 8t8 1.274 1.129 .096 
70 6.4 1 1.135 1.065 .0~3 

~6 5.01~ 1.003 1.001 .0 0 
3.61 .893 .~4' .053 

85 2.34~ .803 • 90 .035 
90 1.25 :Z~~ .856 .022 
95 .439 .826 .018 

100 0 .651 . 807 0 

L. E. radius: 2.955 percent c 

NACA 65.2-023 basic thickn es s form 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS. 
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NACA ACR No. L5C05 825 

NACA 65,3-018 

Ir-

I---~ ~ ~c~ = .32 Upper 
~ V--

~ 

surface 

1.6 

V 
/ 
~ ~ ~ / 

I 1/ /--.32 Lower surface 
~ ~ 

1.2 

" 2 / ~ 
/ "-

(V) .8 

.4 I 
~ - r--t--y ---

"-- ~ -~ I-- ~ o 
o 

t--

.2 .4 .6 .8 
x/c 

A Y (v/V)2 v/v 6vafV (percent c) (percent c) 
0 0 0 0 1.7~ ·5 1.324 .650 .806 1.3 .p 1.59~ .~o .866 1.26 
1. 5 2.00 • 2 .934 1.108 
2·5 2.~2 1.020 1.010 .890 
5.0 ~. 31 1.1~9 1.086 :6H 

16. 5 ·701 1.2 3 1.124 
.'89 5.4~ 1.320 1. ii39 

15 6.~6 1.~93 1.1 0 .39~ 20 ~. 34 1. 39 1.200 ·33 
25 .02~ 1.473 1.2~ .222 
30 8.~0 1.502 1.22 .260 

R6 8. 68 1.526 1.&5 .232 
8.990 1. 5t6 1. 3 .209 

~3 8.916 l.l2 1.2~0 .186 
8. 5,3 1. 13 1.2 0 .165 

n 8.0 5 1. ,3 1.127 .142 
~"17 1.38 1.101 .123 

65 • 50 1.258 1.122 .107 
70 G·486 1.169 1.081 .093 
~6 .456 1.079 1.03l .080 

3·390 ·992 ·99 .066 
85 2.32~ :A~~ •95t .0~4 90 1.,2 .90 .0 0 
95 . 92 .p8 .85i .024 100 0 . 58 .81 0 

L. E. radius : 1. 92 percent c 

NACA 65,3-018 basic thickness form 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS. 
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S25a NACA ACR NO. L5C05 
April 2, 1945 

NACA 65-006 

1.6 

IZO /' 
__ c~ = .01 Upper surface 

1-r--~ '--r-. Ol Lower surface r---. 
1.2 

-......... 
2 

(V) .8 
~ 

.4 

o 
o .2 .4 

x/c 
.6 .8 

x 
c 1 

y 
(v/V)"- v/V (percent (percent c) 

0 0 0 0 
·5 .476 1.044 1.022 
·75 .574 1.055 1.027 

1.25 .71Z 1.063 1.°Gl 
2·5 .95 1.081 1.0 0 
5.0 1.310 1.100 1.049 
7·5 i:~4 1.112 1.05~ 

10 1.120 LOt 
15 2.1~7 1.1R4 1.0 5 
20 2.~ 2 1.13 1.069 
25 2. 97 1.149 1.072 
30 2.852 1.155 1.075 

46 2·952 1.1~9 1.07~ 
2.9~8 1.13 1. 0~ 

45 2·9 3 1.166 1.0 0 
50 2.900 1.165 1...079 
~6 ~ :~tE i:iM 1.ol0 

1.0 0 
65 2.246 1.100 1.049 
70 1. 934 1.074 1.036 

~6 1.59 1.04 1.022 
1.233 1.013 1.006 

85 .8iS 5 .981 . 990 
90 ·510 . 944 . 972 
95 .195 .~02 · 950 

100 0 . 58 . 926 
L. E . radius: 0.240 perc ent c 

NACA 65 - 006 basic thickness form 

1.0 

AvaiV 

4.816 2.11 
1.780 
1. 3lO 

·9 5 
.625 

'4bO 
. ~4 .3 1 
·322 
.281 
.247 
.220 
.198 
.ll8 
.1 0 
.1Ws .1 
.114 
.100 
.086 
'Ob4 
.0 0 
.046 
.031 

0 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 



NACA ACR NO. L5C05 S25b 
April 2, 1945 

1.6 

1.2 

2 
(V) .8 

.4 

o 

NACA65-Q08 

/0 
~cL = .04 Upper surface 

r;p P':: I I ~ ~ 
~ r-.04 Lower surface 

.------
0 . 2 ·4 .6 .8 

x/c 
x y 

(V/V)2 v/V (percent c) (percent c) 
0 0 0 0 
·5 .627 . 978 .989 
·75 '7~6 1.010 1.005 

1.25 .9 5 1.~3 1. 021 
2·5 1.27 1. 0 1.°t2 
5·0 1.74~ 1.125 1.01 
7.5 2.11 1.14A 1.070 

10 2.432 1.15 1. 0~6 
15 2·931 1.178 1. 0 5 
20 3·312 1.192 1. 092 
25 3.~99 1.203 1.097 
30 3. 05 1.210 1.100 
,6 3.938 1.217 1.103 

3.998 1.222 1.105 
45 3.~74 1.226 1.107 
50 3. SA 1.222 1.105 

t6 3.63 1.19.3 1. 092 
3.337 1.103 1.078 

65 2.971 1 . 130 1. 063 
70 2.55~ 1.094 1. 040 

A6 2.09 1.°iZ 1.027 
1.617 1.0 1. 007 

85 1.131 · 971 .985 
90 .604 . ~23 .961 
95 .252 • 73 .934 

100 0 .817 .904 

L.E. radius: 0.434 
NACA 65 - ooB basic thickness for:n 

............. 
~ 

1 • o 

AVa/V 

3.695 
2.010 
1.6~6 
1.3 0 
.9~6 
. 0 9 

'460 
. ~7 
.3 2 
·323 
.281 
.248 
.221 
.19B .1l 
.1 0 
.14~ .12 
.11~ 
.~ . 4 
.072 

.O~ .0 

. 031 
0 

NATIONAL ADVISORY 
COMMITIEE FOR AERONAUTICS. 



S25c NACA ACR No. L5C05 
April 2, 1945 

NACA 65-009 

1.6 

~ 
/" 

--C L = .06 Uppe r surf ac e 

~ 

f);; Fe I ~ , -.06 Lower surface 

1.2 

"" 2 

(V) .8 
If ~ 

.4 

~ 
r---
~. o 
o .2 ·4 x/c 

.6 

x 
(perc~nt c) (v/V);:' (percent c) 

0 0 0 
.5 .~OO .9~5 
.15 • 4~ ·9 5 

1.25 1.05 1.0~7 
2·5 1.~] 1.°l 5·0 1.961 1.13 
1·5 2. 38t 1.159 

10 2·13 1.]71 
15 3.299 1.200 
20 ,.721 1.216 
25 .0Ao 1.223 30 4.2 2 1.2t 
~6 t:t'g 1.2 6 

1.252 
45 4.4t9 1.258 
50 4 'Mb 1.250 
g6 4 . 6 1.220 

,.743 1.185 
65 3.~28 1.145 
70 2. ~ 1.10, 

A6 2.~ 1.059 
1. 05 1.013 

85 1.260 .963 
90 .1§8 .~12 
95 .2 0 • 56 

100 0 ·791 
L.E. r ad i us : 0. 552 perce nt c 

.8 

y/v 
0 

.912 
·992 

1 .018 
1 .0~ 1.0 
1.~1 1.0 5 
1.095 
1 .103 
1.109 
L 113 
1.116 
1.119 
1.122 
1 .118 
1. 105 
1 .089 
1. 010 
1. 050 
1.02l 
1 . 00 

. 981 
· 955 
.~25 
. 93 

NACA 65 - 009 b a s i c thi ckness form 

1.0 

t:.v,/v 

3. 2ZO 

l'l 2 1. 55 
1. 315 

:l~~ 
'a6O 
• ~1 .3 2-
·323 
.280 
.248 
.220 
.198 
.lZ8 
.1 0 
.1hlt .12 
.111 

:~4 
.011 
. O~ . 0 
.030 

0 

NATION1.L ADVISORY 
COMMITTEE FOR AERONAUTICS 



NACA ACR No. L5C05 826 

1.6 

1.2 

2 

(V) .8 

·4 

o 

NACA 65-010 

v- Cz. = .08 Upper surface 

/ I 

~ Q- r---- f--" ~ 

1/ ~.08 Lower surf~ce ~ ~ 
If " ~ 

< 

I.----r---

I--

o .8 .4 .6 1.0 .2 
x/c 

x 
(percent c) 

y 
(percent c) (v/V)2 v/V IlVa/V 

0 0 0 0 2·967 

:15 
·772 .9g1 .9~4 1.911 
·932 .9 0 .9 0 1.614 

1.25 1.1b~ 1. 025 1.012 1.292 
2.5 1.57 1.085 1.°t2 

:l1~ 5·0 2.1F 1.143 1.09 
7·5 2.6 7 1.177 1.08~ :i!i~ 10 3.0~0 1.19

4 
1.09 

15 ~.6 6 1.22 1.10 • 8f 20 .143 1.242 1.114 • 2 
25 4.503 1.25~ 1.121 .280 
30 4.760 1.2b 1.126 .248 

E3 4. 92t 1.2~4 1.130 .222 

tt:9g3 
1.2 1.13g .199 

45 1.2~0 1.13 .ll9 
50 4 .~12 1.2 4 1.133 .1 0 

~6 4.5r 1.244 1.11t .~ 
4.1 6 1.202 1.09 .126 

65 3.6 2 1.158 1.076 .110 
70 3.1~6 1.112 1.055 .067 
A6 2·5 4 1.062 1.031 .0 2 

1.987 1.011 1.005 .070 
85 1.~85 ·958 ·979 .048 
90 . 10 

:S~ ·950 .0 5 
95 .306 :~§~ .030 

100 0 .7 1 0 
L.E. radius: 0.687 percent c 

NACA 65 - 010 basic thickness form 

NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS. 



827 

·1.6 

1.2 

(~) 
2 

.8 

·4 

o 

NACA ACR No. L5C05 

/' 

V c l = .12 Upper surface 

1,---r-o ~ f..--- ~ V- ---f..--- ~ 

(/ K 
"-- .12 Lower surface 

~ , 
1(( I' 

~ 
" 

l---j...-- r--r--
I---- -~ r--t--

o .8 .4 .6 .2 
x/c 

x y (v/V)2 v/V 6va/V (percent c) (percent c) 
0 0 0 0 2'!#g 
·5 · 923 .a!t8 .921 1.77 
·75 1.1°1 ·935 .96'6 1.465 

1.25 1.38 1.000 1. 00 1.200 
2.5 1.87t 1.082 1.040 ·931 
5.0 2.60 1.162 1.078 ·702 
7·5 3.172 1.201 1.096 '468 

10 G· 647 1.232 1.110 • 80 
15 .402 1.268 1.126 .389 
20 

4'476 1.29
6 1.iR8 .326 

25 5. 0 1.31 1. 7 .282 
30 5.716 1.3

G
2 1.154 .251 

46 5·912 1. 3 3 1.169 .22~ 
5.9,7 1. 350 1.12 .20 

45 5·9 9 1.3~7 1.165 .18 
50 5'l57 1.3 3 1.15

A 
;169 

~6 4' 12 1.00 
1.13 .145 

4·9~3 1. 1.115 .127 
65 .3 1 1.1 1. o~o .111 
70 3.743 1.134 1. 05 .094 

~6 3.0~9 1.073 1. 036 .oZ4 
2·3 5 1. 010 

1.
o0E. .0 2 

85 1. 640 :~~ . 97 .04~ 
90 · 9 Z . 940 .03 
95 ·35 .81$ '$05 .025 

100 0 .74 . 65 0 

L. E. radius, 1. 000 percent c 

NACA 651-012 basic thicknes s form 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS. 

1.0 



NACA ACR No. L5C05 

I I 1 1 
1.6 0, = .22 Upper aurrace 

V- "< 
~ ~ 

V -0- L-------~ ~ ~ / ~ 

/ V ~22 Lower aurraoe ~ ~ 
f " ~ I( "'-

I 

V I-- - r--1----1-
r--- ~ I---

r--- I----
c 
o .2 .4 I 

XI C 
.ft .8 l.O 

x 
(percl'nt 0) (T!V)2 vJv Ava/V (percent c) 

0 0 0 0 2.038 
·5 1.1~ .654 .80~ 1·729 
.75 1.35 .817 .90 1.390 

1.25 1.702 .939 .969 1.156 
2.5 2.324 1.06, 1.0~1 .9.20 
5.0 3.245 1.18 1.0 8 .b82 
7·5 4. 959 1.2W 1.114 ',63 10 .55~ 1.2 1 1.132 • 87 

15 5..50 1.,,6 1.156 .394 20 /).224 1.374 1.1~2 .33 
25 6.76 i:Ri~ 1.12 .290 
30 7.152 1.191 .255 
46 7.~96 1.438 1.199 .227 

7. 98 1.4t2 1.205 .204 45 7.42A 1.4 4 1.210 .18 
50 ~.16 1.433 1.197 .160 
g3 .720 1.3/)9 1.170 .143 

6.118 1.29~ 1.13S .127 
65 ,·t03 1.22 1.10 .109. 
70 • 00 1.151 1.07~ .096 
A6 ~:A~ 1.077 1.03 .0~8 1.002 1.001 .0 8 
85 l'm :~ft .961 .052 
90 1.1 .~20 .038 
95 . 'F3 • 79 .026 

100 0 • 97 .835 0 

L. E. radiuB: 1.505 percent c 

NACA 652-015 basic thickness ~orm 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 
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829 NACA ACR No. L5C05 

1.6 "" 
I I I 1 

L --- c ~ = .;2 Upper surfa 

l.---" ~ ~ 0.........-v---
--------

ce 

/ l.----' ~ ~ / V 
./ ~.;2 Lower surface 

~ ~ 
1.2 

'/ ~~ 

/ f' 
I 

,.-- - r---V !--r-- r-

.4 

~ f.-- r-

"----- f.---- f.--
o 
o .2 .4 .6 .8 1.0 

x/c 

{perc~nt c (perclnt c) {v/V)2 vjv llva,/V 
0 0 0 0 1·l46 .5 1.33~ .625 .~91 1. 37 

·75 1.00 .~02 • 38 1·302 
1.25 2.014 • 17 .904 1.12~ 
2.5 2.~51 1.020 1.010 .85 
5.0 ,. 66 1.192 1.092 .6~ 7.5 .~33 1.275 1.129 

10 ~: 6l I·E29 1.1$4 :4
A
4 

15 1. 02 1.1 .3 5 
20 ~.476 1.4$2 1.205 .327 
25 .129 1.4 8 1.220 .285 
30 8.$~5 1. 515 1.2Rl .251 

E3 8. 6 1. 539 1.2 1 . 225 
8.999 1. 561 1.249 .203 

45 8.901 1.578 1.256 .182 
50 8.568 1.U<5 1.235 .157 
g6 8.008 1. 0 1.200 .13~ 

Z·267 1.3~3 1.163 .11 
65 4:R~g 1.2 ·2 1.123 .104 
70 1.170 1.082 .087 

~6 0396 1.0~6 1.037 .OZ4 
3.338 :~9~ . 942 .0 2 

85 2.295 ·9 7 .050 
90 1. R19 .813 .~02 .039 
95 • 90 .po • 54 .026 

100 0 • 57 .811 0 
- . 

L. E. radius: 1.96 percent c 

NACA 65 -018 basic thickness form 
3 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 



NACA ACR No. L5C05 

2. 

1. 

(\ 

-L = ~w+ ~per lurr.l /" \ 

6 ---~ [\ v---u :'\ / ./ 
~ 1\ 

• 

/ / 
V ~ ~ 

/ / I'-.w+ Lower eurrace ~ ~ 
I )1 "" ~ 
/ '~ 

I 
V -----

r- " - --r----I---
~ f..--~ :---'- -----o 

o .2 .4 x/c ., ,a 1.0 

x 
(percent c) "1 (percent c) (vjV)2 v/v AVa/V 

0 0 0 0 1·531 
·5 1.g22 .~14 .717 1.333 
·75 1. 38 • 07 :~Z6 1.215 

1.25 2.301 .7~O 1.062 
2·5 t· 154 .9 0 .980 .8t8 
5.0 .472 1.186 1.089 .6~ 7.5 t· 498 1.293 1.137 

:K~ 10 .352 l·aF 1.171 
15 ~.700 1. 9 1.212 .3 8 
20 '420 1.5~3 1.238 .3~0 
25 9. 8Z l' t 0 1.257 .2 9 
30 10.03 1. 21 1.2~~ .255 

t6 10'a75 1.6g4 1.2 .229 
10. 99 1.6 0 1.296 .206 

45 10.366 l'rOO 1.30~ .18~ 
50 9.952 1. 3~ 1.27 .15 

~6 ~.277 1.50 1.228 .139 
.390 1. 3§Z 1.182 .120 

65 1. 360 1.2 1'M4 .101 
70 .224 1.177 1. g .087 

~6 5.024 1.073 1.0~ .07~ 
3.800 .§?O 

J~~ 'OK 85 f:G§8 
• 72 .0 7 

90 .54t 
.778 .035 

95 .69~ .8~3 .020 
100 0 .61 ·7 5 0 
L. E. radius: 2.50 percent c 

NACA 654-021 basic thickness form 

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS. 
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831 NACA ACR No. L5C05 

2.0 

1.6 

1.2 

.8 

o 

NACA 66.1-012 
-

c~ = .12 Upper sur ace 

...-. r-u:: f.---- ~ 
---- ~ ~ 

0 V--r- .12 Lo~e sur r ace ~ ~ 
f( " ~ 

~ -- - r----,f--

---- ~ r-- --
o .2 .4 / .6 x c 

.8 

(p~rcent c) (perclnt c) (v/V)2 v/v t.va/V 
0 0 0 0 2.555 

·5 .900 .854 .924 1.780 
.75 1.083 . 902 .9~ 1.540 

1.25 1.343 . 964 .9 1.247 
2·5 1. aOa 1.069 1.034 .9.25 
5.0 2.48 1.138 1.067 .673 
7·5 3.019 1.175 1.0~ '452 

10 t· 482 1.201 1.09 . ~4 15 .214 1.237 1.112 .3 1 
20 4.77~ 1.257 1.121 .319 
25 5.21 1.2~2 1.128 .280 
30 5.5A

o 1.24 1.133 .248 

t3 5.7 6 1. 293 1.1U .220 
5.93~ 1.302 1.1 .19~ 

45 5.99 1.309 1.1!t6 .1~ 50 ~JU 1.313 1.14 . 1 1 

~3 1.320 1.149 .144 
5.5~4 1.327 1.152 .130 

65 4.1 5 1.297 1.139 .117 
70 .5~5 1.221 1.105 .0~9 

~6 3·7 ~ 1.1~3 1.069 .0 3 
2.96 1.0 1 1.030 .069 

85 2.0
G4 :9~~ . 987 .04i 90 1.2 .~41 .0 

95 . 477 ·792 • 90 .028 
100 0 .701 .837 0 

L . E. radius : 0. 893 percent c 
NACA 66 ,1-012 basic thickness form 

NATIONAL ADVISORY 
COH~UTTEE FOA AERONAUTICS. 
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NACA ACR No. L5C05 S32 

1.6 

1.2 

2 
( ~) .8 

.4 

o 

NACA 66,2 - 015 
I I I I I 

/c~ = .20 Upper surface -

/'"" .'\ 

~ 
~ j---- ~ ~ -- ~ ----( V '--.20 Lower surface ~ ~ 

/ , 
~ 

'( " f 

v---~ - t---t---__ 

"---t--_ ~ tr -
o .2 ·4 x/c 

.6 .8 1.0 

x y (v/V)2 v/v f>va/V (percent c) (percent c) 
0 0 0 0 .2.085 

·5 1.110 ·700 .8;7 1.703 
·75 1. 3f9 .870 · 933 1.382 

1.25 lo b 5 . 91+0 . 970 1.156 
2·5 2.229 1.048 1.024- .898 
5.0 3.086 1.154 1.074 .6G6 
7.5 ~.757 1. 210 1 .100 'G 7 10 ·337 1.244 1.115 '7J 15 5 .2~~ 1.290 1.136 ·3 20 5·9 1.323 1.150 ·323 

25 6. 51 1.342 1.1~8 . 28~ 
30 6. 933 1.354 1.16 ·24 
,6 7·230 )'·3'lrt 1.172 .222 

7·415 1., 1.1~8 .199 
45 7· tt*5 1. "97 1.12 .ll9 
50 7. 0 1.?lW 1.186 .1 1 
g6 ~ .294 1.415 1.190 .145 

'461 1.421 1.192 .131 
65 6. 01 1. 3l2 1.171 .122 
70 4.59 1. 2 7 1.126 .102 

~6 . 652 1.162 1.078 . 080 
3. 616 1. 057 1.028 .066 

85 i:G~~ :~~ .976 .050 
90 .~21 .037 
95 .560 'l43 • 62 . 025 

100 0 • 40 .800 0 

L. E. radius : 1. 384 percent c 

NACA 66,2-015 basic thickness form 
NATIONAL ADVISORY 

COJolJolITTEE FDA AERONAUTICS 



833 

1.6 

1.2 

.4 

NACA AC R No. L5C05 

NACA 66,2-018 

/ 
~C t = . 22 Uppe r s urface 

( ~ ~ -~ -
/ 

V 
V V-~ ~ ~ 

/1 V'--- . 22 Lower surface ~ ~ 
I , 
I ~ 

-- - r---V- I-----r---.. l-- ------ -~ 
.2 ·4 

x/ c 
.6 .8 1 . 0 

x 
(perc~nt c) (v/V)2 v/v AVaiV (pe r cen t c) 

0 0 0 0 1.659 
.5 1.438 .540 .'[;,8 1·317 
·75 1 ·730 .7 0 • 0 1.209 

1. 25 2.1130 .918 .9~e 1.021 
2· 5 2 . 9~ 1.084 1.01 .807 1. 0 1.21~ 1. lOR .6~ ·5 4:e~~ 1.28 1.13 :~ 9 10 5.48 1.325 1.151 

15 .6. 541 1.G73 1.1~ ·379 20 7. 342 1. 01 1.1 ·32~ 
25 ~ : 4r~ 1.422 1.192 .282 
30 1.440 1.200 .251 

G~ 8.741 1.4~6 1.207 .224-
8. 933 1.4 8 1.212 .201 

45 8. 998 1.4~B 1.216 .181 
50 8·f34 1.4 8 1.220 .162 

n 8. 19 1.497 1.2~ .146 
8 . ~16 1·Wi2 1.22 . 13~ 65 ~. 29 1. 2 1.201 .10 

70 . 657 1.31.4 1.146 .089 

~6 a·52g 1.185 1.089 .0~8 
.29 1.05~ 1.029 .0 4 

85 3. 027 ·A3 .967 . 0~2 90 1.789 . 17 .904 . 0 1 
95 .672 ·700 .837 . 027 

100 0 .594 ·771 a 
L . E . rac.ius : 2.30 percent c 

NACA 66.2- 018 bas ic thicknes s form 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 



NACA ACR NO. L5C05 

1.6 

1.2 ~o 
V 

2 

(;) .8 

.4 

o 
o 

---

/"' 
C-C L = .01 Upper 

'-1--.01 Lower surface 

.2 .4 
x/c 

.6 

S33a 
April 2, 1945 

NACA 66-006 

surface 

--~ ........ 
-......... 

~ 

.8 1.0 

x 
c) 

y (v/V)2 I v/V b.va/V (percent (percent c) 
0 0 0 0 

·5 .461 1. 052 1.026 
·75 't 54 1.°t7 1.028 

1.25 . 93 1.02 1.031 
2·5 .918 1.0~1 1.0~ 
5·0 1. 254 1.06 1.0 
7·5 1.52 1.098 1.048 

10 1. 752 1.107 1.052 
15 2.119 1.11~ 1.058 
20 2.~01 1.12 1.062 
25 2. 18 1.13~ 1.064 
30 2·

A
82 1.1~ 1.067 

,6 2. 99 1.1 :;'.069 
2·971 1.14~ 1.070 

45 3·000 1.14 1.071 
50 2.985 1.151 1.07~ 
l3 2'$2 5 1.153 1.07 

2. 15 1.15~ 1.07

t 
65 2.611 1.15 1.07 
70 2.316 1.11 LOa 
75 1.953 1.081 1.0 
80 1.543 1.040 1.020 
85 1.107 .946 .998 
90 .665 .9 8 .974 
95 .262 .890 ·943 

100 0 .822 ·907 

L.E. radius: 0.223 percent c 

NAGA 66 - 006 basic thickness form 

4.941 
2·500 
2.020 
1.500 

0 

.,)67 

.694 ·a5 
• 74 
·379 
·320 
.248 
.2 5 
.219 
.19~ 
.17 
.161 
.145 
.130 
.116 
.102 
.089 .op 
.0 1 
.047 
.030 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



S33b NACA ACR No. L5C05 
April 2, 1945 

NACA66-008 

1.6 

( 
r- CL = .03 Uppe r surface 

1-1_0 I I 

f? K" . I I ""'" ~ .03 Lower surface 
"-

1.2 

" 2 

(V) . 8 
~ 

.4 

I----
o 
o 

x 
(per cent 

0 
·5 
·75 

1.25 
2. 5 
5.0 
7·5 

10 
15 
20 
25 
30 

G~ 
45 
50 

~6 
65 
70 

~~ 
85 
90 
95 

100 

.2 .4 

c) 
y 

(percent 
0 

.610 

.735 
· 919 

1.219 
1.673 
2.031 
2.§3t 2. 2 
3·201 
3.490 
3);;/ 3. 5 

E· 962 
. 000 

3 . ~78 
3. ~6 
3.7 0 
3.4t9 
3. 0 2 
2 . 574 
2.027 
1.1ft7 

: 33~ 
0 

L.E. radius: 0.411 

.6 .8 
x/ c 

c) (v/V )2 v/v 
0 0 

. 968 ·984 
1.02t 1.011 
1.'04 1.02~ 
1.078 1.03 
1.10~ 
1.12 

1.°t2 
1.02 

1.141 1.068 
1.158 l.°A6 
1.171 1. 02 
1.1~8 1.085 
1.1 6 1.089 
1.191 1.091 
1.196 1 . 09~ 1.201 1.09 
1.20~ 1.098 
1.20 1. 099 
1. 213 1.101 
1.202 1.096 
1.156 1.075 
1.103 1.050 
1.0~8 1.024 

·9 l .9l4 
· 92 9 2 
. 855 · 925 
.768 .876 

NACA 66 - 008 basic thickness form 

1.0 

6 va/V 

3.794 
2.220 
1.82~ 
l.~8 

• ~9 
.1) 9 

'G 52 
. 74 
·379 
·321 
.278 
.246 
.220 .lI8 
.1 8 
.1 1 
.145 
.130 
.115 
.101 
.087 
.07~ 
.O~ .0 5 
.029 

0 

NATIONAL ADVISORY 
COMMITTEE fOIl AERONAUTICS 



NACA ACR No. L5C05 S33c 
April 2, 1945 

1.6 

1.2 

2 

(V) .8 

.4 

o 

NACA 66-009 

(0 /' 
~Cl = .05 Upper surface 

rJ;; P< r- I 

~ t-.05 Lower surface 

" fl " ~ 

t.------
r-- - -
o .2 .4 .6 .8 1.0 

x/c 
x 

(percent c) 
y 

(percent c) (V/V)2 v/V AVa/V 

0 0 0 0 "f62 
·5 .6n ·930 .964 2. 0 
·75 .82 ·992 .99~ 1.7GO 

1.25 1.030 1.0,6 1.01 1., 0 
2·5 1.368 1.079 1.0'$ :~h~ 5·0 1.880 1.119 1.05 
7·5 2. 28Z 1.142 1.069 ',52 

10 2.62 1.15§ 1.0~7 • 7, 
15 ,.178 1.17 1.05 .,79 
20 ,.601 1.190 1.091 .,2, 
25 l·927 1.201 1.096 .280 
,0 1.210 1.100 .246 
,6 4:!le 1.217 1.103 .220 

4. 57 1.221 1.1~ .19J 
45 

t:t9§ 
1.228 1.1 .11 50 1.2,2 1.110 .1 1 

~6 tt:~~t 1.
2G6 1.lll :i~6 1.2 1.1 

65 ,.882 1.2,0 1.109 .116 
70 '.~8 1.172 1.08, .100 

A6 2. F 1.11, 1.055 .085 
2.2 , 1.050 1.025 .071 

85 1.611 .985 ·992 .0,7 
90 ·961 '$15 . 95~ .0 S 
95 .,74 . 49 .§1 .02 

100 0 ·7 7 • 64 0 

L.E. radius : 0.5,0 percent c 

NACA 66 - 009 basic thickness form 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 



l 

S33d 
April 2, 1945 

NACA ACR No. L5C05 

NACA 66-010 

1.6 

/' 
,.-- c1, - .07 Upper surface 

- ~ 

1(/ k~ Lower 
I ~ surface ~ 

1.2 

V " 2 
('V) .8 '" 

.4 

L--
I"--

o 
o 

x 
(pe rcent 

0 
· 5 
·75 

1.25 
2.5 
5·0 
7.5 

10 
15 
20 
25 
30 

G6 
45 
50 
55 
60 
65 
70 

~6 
85 
90 
95 

100 

.2 .4 

cl 
y 

(oercent c l 
0 

.759 
·913 

1.141 
1.516 
2. 0B~ 
2·53 
2·917 

G· 53O 
.001 

4.363 
4.636 4.B32 
4.95, 
~ . ooc 

4:~b~ 
4. 665 
4.302 
3.7Bb 3.17 
2.494 
1.77~ 1.05 

.40 
0 

L.E. rad ius: 0.662 

-I---

~ ~ 

.6 .8 
x/c 

(v/V)2 v/V t:.Va/ V 

0 0 3.002 
.896 :§~l 2.012 
·972 1.686 

1.02~ 1.011 1.296 
1.07 1.038 ·931 
1. 12a 1.061 . 682 
1.15 1.0~ ·a51 
1.17~ 1.0 • 73 
1.19 1.095 ·379 
1.21~ 1.102 ·322 
1.22 1.107 .279 
1.~6 ~ . . 1l2 .246 
1. 3 1.11g . 220 
1.249 loll .198 
1.255 1.120 .1lB 
1.261 1.123 .1 1 
1.265 1.125 .146 
1.270 1.12

A .130 
1.250 1.11 .114 
1.190 1.091 . 0~9 
1.121 1.052 .0 5 
1.052 1.026 .070 

. 97~ ·989 . 0~6 

.~O ·951 . 0 3 
• 21 .~06 .027 
.729 • 54 0 

NACA 66 - 010 basic thickne ss form 

"" 

1.0 

NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 



NACA ACR No. L5C05 

1.6 
~c~ = .12 Upper surface 

/ 

~ 1.....-
..3- ...- L---I--[;:: k;; Lower surtace ~ ~ 

1.2 

.8 
r/ " ~ 

"" 
.4 

L-- c.- - --f--

'-- ~ ~ - --o 
0 .2 .1+ • i> . :) 1.0 

x/o 
x . "1 ( v/V)2 v/v 6.valv (percent c) (percent e) 

0 0 0 0 2·t9 
·5 .906 .800 .894 1. 47 
·75 1.0~ ·915 ·957 1·575 

1.25 l·a .980 ·990 1.237 
2·5 1. 08 1.07a 1.Og6 .91, 
5 2.496 1.13 1. 0 7 .67 
7·5 3. 03l 1.177 1. 08 5 .~9 10 ,.49 1.204 1.097 . ~3 

15 .234 1.237 1.112 .3 0 
20 4.801 1.259 1.122 .323 
25 5.238 1.2~5 1.124 .280 
~O 5.gb8 1.27 1.13 .246 
,6 5. 03 1.297 1.~ .221 

~.947 .:·303 1. .19I 
45 .000 1.311 LiM .1I 
50 5:S6~ 1.318 1. .1 2 

t6 1.3Z3 1.150 .147 5.5~8 1.331 l'ili .132 
65 ,.139 1.302 1. .lla 
70 .515 1.221 1.105 .O~ 

~6 3·767 1.139 1.06l .0 
2.9~ l:O~a 1.02 .069 

85 2.0 , 
:SAS 

.9il .0,3 
90 1.23 :~ 8 

.0 0 
95 .474 

J87 
.0}1 

100 0 .829 0 

L. E. radiu81 0-952 percent e 
NACA 661-012 basic thickness torm 

NATIONAL ADVISORY 
COMMITTEE FOA AERONAUTICS. 

S34 



S35 

1.6 

1.2 

. 8 

.4 

o 

NACA 

~ c t = .2 Upper Surtao 

~ 

---0 ~ ~ --f....-- ~ ..--
( .2 Lower Surface ~ ~ 
I 

, 
.... 

1/ " 
l..--- -I---I----
I'-- f....----- -~ 

.~ . 4 • I) .tt 1.J 

x/c 
x 

(perc!nt c) (v/V)2 'Y/V 6'Y';V 
(percent c) 

0 0 0 0 2.1'9 

:15 
1.122 .Jt0 .872 1.652 
1.}43 • 0 .916 1.4,1 

1.25 1.675 ·929 .964 1.172 
2·5 2.235 1.0~5 1.02~ ~8&5 
5 ,.100 1.1§ 1.07 .6 , 
7·5 ,.781 1.20 1.0tt '~f 10 "g8 1.~ 1.1 . ~, 

15 5.2 6 1.2 8 1.~ ., 1 
20 z:~5 1·317 1. .,22 
25 1.,40 1.1tf .280 
30 6. 95Z 1.356 1.1 4 .248 

,3 7.250 1.3~0 1.170 .222 
7·430 1.30 1.175 .200 

~6 7'fr95 1',91 1.1~~ .180 
7. gO 1. 01 1.1 .16t 

~3 ~.2 3 1.411 1.18 .14 
.919 1.420 1.192 .1,1 

65 6.3 2 1.367 1.169 .113 
70 a't76 1.260 1.122 .0~6 

~6 
• ,2 1.156 1.07~ .0 0 

'·598 1,Oa' 1.02 .065 
85 2'aaO .~ 9 .974 .051 
90 1. 9 'bI .~20 .0'9 

166 
·566 • 63 .025 

0 :Z39 ·799 0 

L. E. radius: 1.4~5 percent c 

NACA 662-015 basic thickness to~ 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS. 

NACA ACR No. L5C05 



NACA ACR No. L5C05 

2. 0 

~ 
~Ct ~ .3 Uppe~ surface 

6, 
~ ~ l..---Q f----

~ -
1. 

/ l.-----' ~ ~ ~ / ~ 

~/ 1~3 Lowe~ surface ~ \\ 
1. 

'/ '\ 
8 I " I 
4 

0 

!---r- - r--/- I--t::::::"". 

'-- ~ 
:---- ~ --. .~ • :> • 1; 1 .. 

x/o 
x '1 (v/V)2 .,/v t..,";v (percent c) (pe~oent c) 

0 0 0 0 1·773 
·5 1·323 .650 .806 1.456 
·75 1·571 .~35 .857 1.312 

1.25 1.9,2 • 50 .897 1.121 
2·5 2.6 6 l.O~ 1.002 .~ 5 ,.690 1.1 1.074 • 9 
7·5 .~13 1.2~4 1.111 .~5 10 ~. 10 1.2 5 1.1~ • ~2 

15 7:rgg 1.350 1.1 2 .3 1 
20 1.~3 1.180 ·323 
25 ~.848 1. 3 1.193 .282 
30 .346 i:1tM 1.202 .250 

~6 8·701 1.210 .223 
8.918 1.481 1.217 .201 

45 8.9~ 1.496 1.22~ .181 
50 8.9 1·509 1.22 .163 

~6 8.733 1.522 1.23k .147 
8.323. 1·43~ 1.23 .131 

65 l·58O 1. 3 1.~ .114 
70 .,97 1·302 1. 1 .095 

~6 ,. 51 1.172. 1.0 3 .OF .206 1.045 1.022 .0 1 
85 2. 934 .~22 .~50 .048 
90 l:l~ • 03 • 96 .037 
95 .6~2 .8i2 .022 

100 0 ·5 7 .7 6 0 

L. E. radius, 1. 955 percent c 
NACA 663-018 basic thickness torm 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 
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837 

2. 

1. 

1. 

0 I J l I 
/ c t = . • 4 Upper surface 

6 L---~ 
t-o ...- I\~ V-- V--./ ---

2 / 
V ~ \ ~ ./ 

I / ~.4 Lower surface ~~ 
sl / V 

~ 
/ ~ 

I I '\ 

L--~ -- -----r---h 

O~ l.--I-r--.. --V 
0 .2 .~ .b . ) 1.0 

I 
I 

! 

x/c 

( perc~nt c) (porclnt c) (v/V)2 v/v AvaiV 

0 0 0 0 1·547 
·5 l'S2, 'lSO .761 1.3fu 
·75 1. 0 • 35 .~97 1.21 

1.25 2.240 .755 • 69 1.05~ 
2·5 ,.Ot5 .~2 .9Zo .S2 
5 .2 9 1. 3 1.09 .6~ 
7·5 t· 233 1.246 1.110 

:'~2 10 .Ot2 1.,18 1.~ 15 ~.3 9 1. 05 1.1~ .3 1 
20 .370 1.459 1.2 .324 
25 9.15~ 1.49

S 1. 22t .283 
30 9·73 1.52 1.~ .251 

~6 10.154 1·551 1. 5 .224 
10.407 1·574 1.2l5 .202 

45 10',00 1.~94 1.2 3 .lS3 
50 10. ~t 1. 11 1.269 .16g 
t6 10.1 1. 62S 1.2~0 .14 

S·692 1.64 1.2 ~ .132 
65 'Z93 1.508 1.22 .114 
70 Z' 10 1. 33l 1.1~' .093 

~6 .251 1.17 1.0 .07~ 
4.796 1.031 1.015 .0, 

85 3.324 .891 'S44 .0 6 
90 1.924 :zt~ ·73 .034 
95 ·717 .80, .020 

100 0 ·539 ·73 0 
- -

L. E. radius s 2.550 percent c 

NACA 664-021 basic thickness form 
NATIONAL ADVISORY 

COMMITTEE fOR AERONAUTICS 

NACA ACR No. L5C05 
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NACA ACR No. L5C05 838 

1.6 

1.2 

.4 

o 

NACA 67.1- 015 
I I I I 

( 
___ c~ = .12 Upper surface 

I 

~ -- 11 -- " ./ ----1// v '---- -- .12 Lower surface \ 
'( ,~ 

\ 

V--- - I------'-- ~ -----
o 

-
.2 ·4 .6 .8 1.0 

x/c 
A Y (V/V)2 v/V ATa/V (percent c) (percent c) 

0 0 0 0 2. oro 
·5 1.167 .650 .806 1.50 
·75 1.,2!.i. ·970 .985 1·,70 

1.25 1.7l>4 1.~9 1.02~ 1.152 
2·5 2 .~5 1. 0 1.06 .206 
5.0 ,. 5 1.209 1.100 .l>6~ 
7·5 4'400 1.2,9 1.11, .,4 10 ." 1.2

A9 1.122 • 70 
15 5.28, 1.2 ~ 1.iG4 ·,70 
20 ~ . ~40 1.,0 1. 2 "~2 
25 . 54 1.,1 1.148 .276 
,0 6. 54 1.',0 1.15$ .248 
G~ 7.155 1.,:;. 1.15 .221 

7.,59 1.'tl 1.162 .201 
45 7· 75 1.,0 1.166 .180 
50 7 ·tt97 1.,68 1. 170 .160 

23 7. 21 1.'~5 1.173 .142 
7·2,1 1., 1 1.17~ .124-

65 6'r5 1.,88 1.17 .111 
70 6. 02 1.,90 1.179 .108 

~~ K' 21 1.321 i:~, .094 
. 540 1.176 'OF 85 ,.,27 1.018 1.009 .0 0 

90 2.021 .864 :~ .045 
95 .788 ·712 .025 

100 0 ·570 ·755 0 

L. E. radius : 1. 52, percent c 

NACA 67,1- 015 basic thickness form 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 



S39 

2.0 

1.6 

1.2 

.8 

·4 

o 

NACA ACR No. L5C05 

NACA 747 AOl5 

c. = .22 Upper surface 

-~ ""-
~ 

r-- K--r--::: :::;:: / l--' ~ --.:::: 
( / 

/ .22 Lower surface -.........:: 

~ ~ 
I ~ ~ 
I "-

~ -- - r--1--_ 

'--- ~ --- - I---

o .4 / .6 x c 
.8 .2 1.0 

(per~ent c) (perclnt c) (v/v)2 v/v avalv 
0 0 0 0 2.028 
·5 1.199 .660 .812 1.680 
.75 1.~35 .7~ .894 1.560 

1.25 1. 01 ·9 .971 1.325 
2·5 2·tf2 1.100 1.049 .990 
5 t' 9 

1.201 1.096 .695 
7.5 .143 1. 259 1.122 '451 

10 5:r~l 1.295 1.138 • 65 
15 1.339 1.156 .384 20 6.~8~ 1.369 1.170 .32 
25 6. 9 1.490 1.1~9 .283 
30 7.254 1. 09 1.17 .252 

46 7·t5~ 1.423 1.19~ .224 
7. 9 1.435 1.19 .199 

45 7.31 1. 341 1.ll9 .176 
50 7. 00l 1.38 loll .156 

l6 ~.58 1.306 1.14~ .138 
.064 1.265 1.125 .122 

65 4:~A 1.221 1.105 I .108 
70 1.178 1.08l .093 
~6 3.921 1.115 1.05 .Ol9 3.020 1.02~ 1. 013 .0 ~ 85 2.086 .~3 .969 .04 90 l'U3 • 52 r~23 .0 0 
95 • 3 .774 • 80 .028 

100 0 ·703 .838 .018 
L. B. radius: 1.544 percent c 

NACA 747A015 basic thickness form 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 



NACA ACR No . L5C05 840 

II - 1>1EP.:'r LINES 



NI,CA ACR No . L5C05 

II - MEAN LINE8 841 

Data f or NACA mean ·1 · ..... l ne 62 842 

Data for NACA mean l i ne 63 843 

Data f or NACA mean line 64 844 

Data fo:::, NACA mean line 65 845 

Dat.a f o NACA mean Hne 66 846 

Data for NACA mean l:~ne 67 847 

Data for NACA mean line 210 848 

Data f or NACA mean line 220 849 

Data f or NACA mean l::'ne 230 850 

Data f o:!:' NACA mean line 2)-+-0 851 

Data for NACA mean line 250 852 

Data f or NACA mean line a = 0 853 

Data f a:;." N;~·CA mecn line a = 0 .1 854 

Data for NACA mean 1 . ._lne a 0 .2 855 

Data for NACA mecw."'1. L.ne a = 0.3 856 

Data for N.fl.CA meD...."'1. line a = 0 .11- 857 

Data f or NACA mean U ne a 0 ·5 858 

Data f or NACA mecm Hne a 0 .6 859 

Dat a f or NACA mean l ine a 0 .7 860 

Data f or NACA mean line a = 0 .8 861 

Data f or NACA m.ean line a = 0 ·9 862 

Dat a f or NACA m.ean line a 1.0 863 



NACA ACR No. L5C05 

Yc 
C 

2.0 

/ h 
I I~ ........... 
I 

o 

------

NACA 62 
MEAN LINE 

--- ---~ 
NATIONAL ADVISORY 

COHMITTEE FOIl AERONAUTICS . 

. : Ef I 1 1 1 1 I 1 [I 
o .2 .4 

I 
.6 

x c 
.8 1.0 

C~l = 0·90 0.1 = 2.810 cmc/4 = -0.113 

x Yc dyc/dx PH ~v/v = PRi4 
Iroercent c: (Dercent c 

0 0 0.60000 0 0 
1.25 .726 .56250 .682 .171 
2.5 l·t06 '42500 1.031 .258 
5.0 2. 25 • 5000 1.314 .,28 
7.5 ~.656 .37500 1. 203 '416 

10 .500 .30000 1. 51 • 3 
15 ~.625 .15000 1.802 .4~1 20 .000 0 1.530 .3 3 
25 5.977 -. OO~38 1.273 .318 

19 5.906 -. 01 75 1.113 :~~$ 5.625 -.03pO .~1 
~g a· 15

€) 
-. 05 25 • 3 .211 

.~OO -. 07500 :Z~~ .18~ 
~g 3. 56 -. 09375 .1-5 

2.62~ -.11250 .525 .131 
90 1.40 -.1~125 .377 .094 
95 .727 -.1 062 .261 .065 

100 0 -.15000 0 0 

Data fo r NACA mean line 62 

842 



r " --

843 

2.0 

1-----.. V t---.. 

I 
PR 1.0 

V 
o 

r---r---I--

NACA ACR No. L5C05 

NACA 63 
MEAN LINE 

1--- --... 

1\ 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS. 

Yc 
C ]~ 1IIIIlIi 

o ·4 I 
.6 

x c 
. 8 1.0 .2 

c'1 = 0.80 a.i = 1.600 cmc/4 = -0.134 

x Yc dyc/dx PR Aviv = pll4 
i(nercent c (nercent C-

O 0 0.40000 0 0 
1.25 .48~ :~~~~~ .389 .09

A 2.5 .~5 :1~~ .13 1. 0 1. 33 .33333 .197 
.5 2.625 .30000 .9tO .235 

10 4. 333 .26667 1.0 6 .2b7 
15 .500 .20000 1.220 .305 
20 5.~33 :M~b1 1.259 .31

A 25 z. 33 1.233 ·30 
4g .000 0 1.160 .290 

5. 878 -.02~9 .~49 . 237 
tg ,:~lg -.04 48 • ~O .213 

4.0~ -. 073 l .1 2 .191 
~g -. 0974 .p .1ba 

2·939 -.122 ~ .~ 0 .140 
90 1.592 -.1469 • 06 .102 

166 
.827 -.1591 .291 .073 

0 -.17143 a a 
Data for NACA mean line 63 



NACA ACR No. L5C05 

Yc 
C 

2.0 

o 

/ 
v 

V 

.4 

-

NACA 64 
MEAN LINE 

t--r---I--

.6 
x/c 

t--.. 

1\ 
NATIONAL ADVISORY 

COMMITTEE FOA AERONAUT ICS. 

.8 1.0 

C~1 = 0. 76 0.1 = 0. 740 cmc/4 = - 0.157 

x Yc dyc/dx PR Aviv = PW4 
( perc ent. -.cl J.ILer~ent c 

0 0 0.30000 0 0 
1.25 .36t . 2

A
062 .257 .06~ 2.5 . '42 . 2 125 

. 3r .09 
5. 0 1. 06 . 26250 .5 6 .137 
7· 5 2.039 . 24375 . 6 8 .167 

10 2 . 62 ~ . 22500 . ~48 .18~ 15 R·6
5 .18750 . p .21 

20 · 500 . 15000 . 9 6 .242 
25 5. 156 . 11250 LOGO .2~8 
~g ~ . 625 . 07500 1.00 .2 0 

. 000 0 .999 .250 
50 5. 833 -. 03333 .~10 .228 
60 4.333 -. 06667 • 27 .20~ 
~g · 500 -. 10000 .750 .18 

3.333 -. 13333 .6't .159 
90 1.833 -.16667 .4b .117 
95 . 958 -.18333 .334 .084 100 0 -. 20000 0 0 

Data f or NACA mean line 64 

"S44 
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2 . 0 

1.0 

L.--' ~ 

V 
o 

>-

" 

NACA ACR No . L5C05 

NACA 65 
MEAN LINE 

-I----
~. 
~ 

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS, 

~ ':t±lIIII IJTI 
o 2 4 .6 .8 1.0 • • x/c 

c ~ 1 = 0. 75 a.1 =' 00 
cmc/4 = -0.18'7 

x Yc dyc/dx p& t.v/v = PIl4 
I( n ercp.n t c (nercent. c 

0 0 0.24000 0 0 
1. 25 .2~6 .23~OO . 20~ .051 
2·5 ·5 5 .22 00 . 29 .074 
5·'0 1.ltO .21600 . 413 .103 

1~·5 1.6 5 .20400 · 502 .126 
2.160 .ll200 · 571 .143 

15 3.060 .1 800 . 679 .170 
20 l·84O .144°0 . ~60 .190 
25 ·500 .12000 • 24 .206 
[~ 5. 0tO .01/00 .872 .218 

2:608 
.0 800 · 932 .233 

50 0 · 951 .238 
60 5.760 -.04800 . ~32 .23~ 
~g 5.040 -.0u.0o • 72 . 21 

3. 8tO -.1 00 . 760 .1~0 90 2.1 0 -.19200 · a71 .1 3 
95 1.140 - .,21600 • 13 .103 

100 0 -.24000 0 0 
Data for NACA mean I 1ne 65 

.J 



NACA ACR No. L5C05 

2.0 

~ 
f.---~ --V o 

f.---

NACA 66 
MEAN LINE 

~ 
~ 

\ 
NATIONAL ADVISORY 

CO'fHITTEE FOR AERONAUTICS. 

~ .: Ell I I I I I ill 
o .2 .4 .6 .8 1. 0 

X;c 

CH = 0.76 a1 = -0.740 cmc/4 = - 0.222 

x Yc dYc/dx PH Aviv = pa/4 
(nercent c (nercent c~ 

0 0 /0.20000 0 0 
1.25 .247 .19583 .135 .034 
2·5 .490 .19167 .244 .06l. 
5.0 .,58 .1B~B :'6~ .084 
7.5 1. 06 ·l.l600 .102 

10 1.833 . 1 67 . 466 .117 
15 2.62~ . 15000 .~57 .139 
20 3.33 . 13333 • 35 .159 
25 ~.~58 .11666 .700 

:i~~ 19 • 00 . 1000 . ~ 50 
5.333 .06667 . 26 .20~ 

tg 5.833 .03333 .91 .22 
6.000 0 . 9~ .250 

~g a· 625 -.07500 1.0 .260 
.500 -. 15000 . 9 6 .2M 90 2.625 -.22500 .748 .1 7 

95 1.40b -. 26250 .546 .137 
100 ° -.30000 a 0 

Data for NACA me an line 66 
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2.0 

PH 1.0 
~ 

!.------ f.----

V 
v 

a 

I---
.,/ 

V 

NACA ACR No. L5C05 

NACA 67 
MEAN LINE 

~ 

\ 
\ 

NATIONAL ADVISORY 
COMMITTEE fOA AERONAUTICS 

~ ]1111111 tEl 
o .2 .4 .6 .8 1.0 

x/c 

CLi = 0.80 ai = -1.60° cmc/ 4 = -0.266 

x Yc dyc/dx PR AV/V = PWI)+ 

I (nAJ>~Ant c' (nAT>Cenr. c 

0 0 0.ll143 0 0 
1.25 . 212 .1 837 .137 .0~4 2.5 . 421 .16531 .195 .0 9 
5 .827 .15918 .291 .Op 7·5 1.217 · ill 06 'a56 .0 9 

10 1. 592 • 94 • 06 .102 
15 2.296 .13469 .483 .121 20 2·939 .12245 .~60 .140 
25 a· 52O .1l020 • 16 .15~ 30 .041 . 09796 .6p .16 
40 4. 898 : g7J4~ .~ 2 .191 
50 5.510 p.02~9 • ~O .213 60 t· 878 ·9 9 .237 
~g .000 1.1 0 .290 

~:~~~ -.13333 1.259. .315 90 -.26667 1.066 .267 
95 1.833 -. a3333 .788 .197 100 0 -. 0000 0 0 

Data for NACA mean line 67 

J 



NAC A ACR No. L5C05 

Yc 
C 

2 . 0 

1\ 

I 

'\ 
~ 

o 

............ 
I---r---. 

NACA 210 
MEAN LINE 

NATIONAL ADVISORY 

COHHITTH FOA AERONAUTICS. 

°11 I I I I I I I I I 
a .2 .4 . . 6 .8 1.0 

X/ C 

cLi = 0.30 Ui = 2. 090 cmc/4 = -0.006 

x Yc dycldx PH Aviv = pIl4 
i<nercent c' (nercent c' 

0 0 0·59613 0 0 
1.25 .596 .36236 1.381 .345 2.5 .928 .1 850~ 1.565 ·391 1. 0 1.114 -.0001 1.221 ·305 .5 1.08~ .781 .195 10 1.05 .626 .156 

15 .9~9 .489 .122. 20 .~ 0 .408 .102 
25 • 1 .348 .087 
48 .823 .302 .op 

.70~ -.01175 .242 .0 1 
t8 .~8 .198 . 049 • 70 .1bo .040 
~8 .353 .128 .032 

.23~ .098 .025 
90 .11 '°ta .016 
95 .059 .0 .011 100 0 0 0 

-
Data for NACA mean line 210 

848 
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2.0 

II '" 

o 

~ 
I-----r-

NACA ACR No. L5C05 

NACA 220 
MEAN LINE 

:c .: E I I I I I I I I I I 
o .2 .4 x/c .6 . 8 1.0 

c~ = 0.:;0 (11 = 1.86° c = -0 .010 
1 mc/4 

x Yc dYc? PH llv/V = PRi4 
(percent c) (percent c) 

0 0 0.3927J. 0 0 
1.25 .442 .31~ .822 .206 
2·5 ·793 .24 18 1. 00~ .2a1 
5·0 1.257 .lR192 . 98 .2 7 
7 · 5 1.479 .0 994 . ~oo .225 

10 1·a3.5 .00024 • 01 .200 
15 1. 63 . 615 •15t 20 1.377 . 46~ .11 
25 1.291 . 37 .095 
4g 1.205 .326 .082 

1.0" .253 .063 

19 .861 >- .01722 .205 .o~ .682 .169 .0 
~g .~lb . 135 .034 .44 .100 .025 
90 .1~2 . 064 .016 
95 .0 6 .040 .010 

100 0 0 0 

Dat a fo r NACA mean line 220 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



NACA ACR No. L5C05 

2.0 

II ~ --a --

NACA 230 
MEAN LINE 

Yc 
c ]~IIIIII IIII 

o .2 .4 / .6 . .8 1.0 
x c . 

Ct = 0.;0 (11 = 1.65° Czn
c14 

= -0.014 
1 

x Yc dy/dx PR llv/V = PR/4 
(percent c (percent c 

0 0 0.30508 0 0 
1.25 :gn . • 26594 .528 .132 
2·5 .22929 .673 .168 
5·0 1.155 • 163t7 .~91 .198 
7·5 1.492 •• 107 2 • 5; . .213 

10 LAO! • 06174 .85A .215 
15 1. 38 -.00009 .67 .1~0 20 1.7b~ -.02203 'Ki9 .1 0 
25 1.64 • 9 .105 

~g 1.56 .361 .020 
1.324 • .274 .064 50 1.10 . 217 .o~ 60 .883 -.02208 . III .0 

~g .662 .1 .03 
.442 . • 105 .026 

90 .221 .069 .017 
95 .110 .042 .011 

100 0 0 0 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Data for NACA mean line 2;0 

850 



851 

Yc 
c 

2.0 

/ ~ 
I 

o 
---r---r---

NACA ACR No. L5C05 

NACA 240 
MEAN LINE 

-:0 I I I I I I I I I 
o .2 .4 1.6 .8 1.0 

x c 

Cl = 0.30 
1 

- 4 0 0.1 - 1. 5 cm = -0.019 
c/4 

x Yc dYc/dx PR Aviv = PRA 
(percent c (percent c) 

0 0 0.25233 0 0 
1.25 .301 .22877 'r7 .094 
2·5 .572 .20625 • 91 .123 
5.0 1.035 •16t32 _ 2~ .1~b 
7·5 1.397 .12 53 ·71 .1 0 

10 1.671 .09290 .po .188 
15 1. 911 .03810 .169 
20 2.0 ~ -.00010 :~ll .142 
25 2.01 -.02169 ·77 .119 

Rg 1.890 .4io .103 
1.620 .304 .076 

19 1.3~0 >-.02700 :~~t .0~9 1.00 .0 a 
~g .810 .150 .03 

.540 .110 .028 
90 .270 .071 .018 
95 .135 .047 .012 

100 a 0 0 

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUllCS 

Data for NACA mean line 240 



NACA ACR No. L5C05 

Yc 
C 

2.0 

./' ---V 
° 

r---r--- t---

NACA 250 
MEAN LINE 

NATIONAL ADVISORY 
COMMITTEE FOD AERONAUTICS 

]~IIIIIII III 
o .2 .4 / .6 .8 1.0 x c 

C~i = 0.30 a.1 = 1.260 cmc/4 = -0.026 

x Yc dYc/dx PH Aviv = PF!4 
I (percent c) I(ner_cent _c_l 

0 0 0.21472 a 0 
1.25 .258 .19420 .281 .070 
2·5 ·498 .18 16 '469 .092 
5.0 .922 .15562 • 77 .ll~ 
7·5 1.217 .124°~ ·552 .1l 10 1.5~0 .10 5 ·592 .1 8 

15 1.92 .06162 .624 .156 
20 2.199 •02674 .610 .1~3 25 2.263 -.00007 '441 .1 7 

19 2.212 -.01880 • 70 .117 
1.931 . .346 .087 

~g 1.609 .255 .064 
1.287 .197 .04

A Jg • 96~ -.03218 .154 .0, 
.b4 .112 .030 

90 .322 .076 .019 
95 .161 .051 .013 

100 0 a a 
Data for NACA mean line 250 

S52 



853 

Yc -c 

2.0 
~ 
~ 

.......... 
"-. 

~ 
............... 

---............ 

a 

~ 
.......... 

NACA ACR No. L5C05 

NACA 
MEAN 

........... 

~ 
............... 

a=o 
LINE 

NAT IONAL ADVISORY 
COMMITTEE FOR AERONAUTICS . 

. : rn II I ~ D± I 
o .2 .4 .6 .8 1.0 . 

x/c 

cLi = 1.0 ai = 4.56 
0 

~c/4 = -0.083 

x Yc dyc/dx PH ~v/V = PR14 
(percent c '(perce nt c \ 

0 0 ----- -- ----- -----
·5 0·t6O 0.p867 1.990 0 ·tt9~ .75 . tl • 9212 1.985 ·9 · 

1. 2 5 ·9 4 .6gJ15 1.975 :t~~ 2·5 1.641 .4 92 1.950 
5. 0 2.693 .36561 1.900 .4p 
7.5 G· 507 .29028 1.850 .4 3 

10 .161 . 2351~ 1. 800 .450 
15 5. 124 .1550 1.~00 .425 
20 ~. 747 .09693 1. 00 ·400 
25 .114 .051~6 l.aOO .375 
30 6.277 .oilt 2 1. 00 .350 
35 6.273 -. 015~t 1.300 .325 
40 6.130 -.o~o 1.200 .30 0 
45 5.871 -.0 201 1.100 .275 
50 ~. 516 -.07958 1.000 .250 

26 .081 -.09395 '$00 .. 225 
·581 -.10539 • 00 .200 

65 4.~2 -.11406 'lOO .175 
70 3. ~ -. 12003 • 00 .150 

~6 2. 3 -.12329 .500 .125 
2. 217 -.12371 .400 .100 

85 1.604 -.12099 .300 .075 
90 1.013 -.11455 .200 .050 
95 .467 -.10301 .100 .02 5 

100 0 -.07958 0 a 

Data for NACA mean line a = 0 

~-- ------ -------~-------- ---------------------------~----~ 



NACA ACR No. L5C05 854 

7c 
c 

2.0 

~ 
-........... 

........ 

~ 
~ 
~ 

1.0 

o 

NACA a=o.l 
MEAN LINE 

~ 
"-

-........ 
~ 
~ 

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS. 

·:a, ,., , , LE , 
o .2 .4 .6 .8 1.0 

x/c 

c~i = 1.0 ai = 4.43 
0 

Cznc/ 4 = -0.086 

x Yc dy /dx PR 6V/V = pFl4 
percent c) (percent c c 

0 0 ------- ----- -----
.5 O.~O 0.73441 
.75 • 16 .67~79 

1.25 .933 • ,9 96 
2.5 1.(;08 • ~366 1.818 0.455 
5.0 2.689 .3 235 
7.5 l·551 .31067 

10 .2~3 .2g0
A7 

15 5.2 1 .1 0 7 l·ll? .42~ 20 5.905 .09981 1. 16 .40 
25 6.282 .05281 

i:G~ .3~ 30 6.449 .°it98 .3 

46 6.443 -.01 17 1.313 .32 
6.296 · -.Ot21O 1.212 .3°A 45 6.02~ -.0 373 1.111 .27 

50 5.66 -.08168 1.010 .253 

~6 4. 21 -. 0963l .2~ .227 
.706 -.1080 .8 .202 

65 4.142 •• 11694 :lgl .177 
70 3.541 -.12307 .. 152 

~6 2.916 -.1~644 :ag~ .. 126 
2.281 -.12693 .101 

85 1.652 -.12425 .303 .076 
90 1.0~5 -.11l81 .202 .050 
95 .4 2 -.10 20 .101 .025 

100 a -.08258 0 0 

Data for NACA mean line a = 0.1 



855 

-c 

2.0 

'-......, 

~ 
~ 

~ 
1.0 

a 

~ 

NACA ACR No. L5C05 

NACA a=O.2 
MEAN LINE 

j--.... 

~~ 

~ 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS. 

":Eklllillfil 
o .2 .4 .6 .8 1.0 

x/c 

= 1.0 0 
cL1 a1 = 4.17 cm = -0.094 

c;1t 

x Yc dyc/dx PR 6v/V = pw4 
(percent c (percent c) 

0 0 ------ ----- ----
·5 0·414 0.6Z442 
.75 .~1 .6 0 7 

1. 25 '. 2 . G7135 
2·5 1.5~0 • 7592 1.667 0.417 
5.0 2.~3 .37661 
7.5 G:l § .31~87 10 .26 03 

15 ~.317 o 19G73 
20 .117 .12 05 
25 6.572 .06345 l o

G
63 .391 

30 6.7~7 .02030 1. 59 0365 

G~ ~:Z4g -.01418 1.355 0339 
-.042~6 lo2~0 .313 

45 6. 37G -.065 8 1.1 6 .287 
50 5.99 -.08522 1.042 .260 

~~ 5.527 -.10101 .~38 .23~ 
4.989 -.11359 • 34 .20 

65 4.396 -.12317 'l29 .182 
70 3.762 -. 12985 • 25 .156 
~6 3.102 -.13~3 'G2l .130 

2.431 -.13 0 • 17 .1~ 85 1.764 -.131 6 .31~ .07 
90 1.11§ -.12~1 .20 .052 
95 ·51 -.113 1 ~1 04 .026 

100 0 -.08941 0 0 

Data for NACA mean I1ne a = 0.2 

-----------. - - --- ----~------ -------.,~--' 



NACA ACR No. L5C05 S56 

Yc 
c 

2.0 

~ 
~ t--.. 

............ 

o 

~ 

NACA a=O.3 
MEAN LINE 

"'-
""~ 

I'-.......... 
NATIONAL ADVISORY 

COMMITTEE FDA AERONAUTICS 

.: EM I I 1dJJ±1 
o .2 .4 

x/c 
.6 .8 1.0 

0 
cInc/ 4 = -0.106 c~ = 1.0 0.1 = ,.84 

1 

x Yc dyc/cu PR AV/V = PR!'4 (percent c (percent c) 

0 0 ------- ----- -----
·5 .,89 0.65536 
.75 .~46 . 60524 

1.25 • ~2 .44158 
2·5 1.48 . 53~ 5·0 2.458 .363 

1. 538 0.385 7.5 ~.29~ .30~ 0 
10 .00 .26 21 
15 5.172 . 20246 
20 6.0~2 .15068 
25 6.6 5 .10278 
30 7.072 .04833 

G6 7 .17~ -.00205 1.429 .357 
7.07 -.03710 1.319 .330 

45 6.81 
- • .Q

64r 1.209 .302 
50 6 .4~3 -.087 6 1.099 .275 

t6 5.9 9 -.105 7 .~89 .247 
-.3 3 -.12014 .p .220 

65 G.753 -.13119 .7 9 .192 
70 4.076 -. 1~901 .649 .165 

~6 3.368 -.1 365 .4t9 .137 
2. 64a -.14500 • 0 .1l0 

85 1.92 -.1427~ .330 .082 
90 1.224 -.13 63 .220 .05~ 
95 . 570 -.12430 .110 .02 

100 0 -.09907 0 0 

Data for NACA mean line a = 0.3 
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-c 

2. 0 

~ 
"'--
~ 

o 

~ A C A ACR No . L5C05 

NACA aaO.4 
MEAN LINE 

~ 
~ 
~ 

NATIONAL ADVISORY 

.: OJ I I I gar
TiCS 

o . 2 .4 .6 . 8 1. 0 
x/c 

C ~ l = 1.0 a1 = 3.46
0 

c 
mc/4 = - 0.121 

x Yc dyc/d:x t:.v/V = PR/4 
percent c (percent; c 

PH 

0 0 - -- ---- ----- -----
. 5 .3 66 0. 61759 
. 75 . 514 . 57105 

1. 25 . 784 . ~1210 
2· 5 1. 367 • ~106 
5. 0 2. 330 . 3 764 
7. 5 3.131 . 29671 

10 ~ : 8~~ . 258
A
2 ~1.429 0. 357 

15 . 201 5 
20 SJ62 .15682 
25 6. 546 . 117~§ 30 7 . 0~9 . 079 

G3 7 . ~ 3 . 04136 
7. 39 -. 00721 

45 7. 275 -. 0~321 1.310 . 32~ 
50 6 . ~9 -. 0 380 1.190 . 22 

~6 6. 4 -. 10734 1.071 . 268 
5.8 -.12567 .952 . 238 

65 ~ .199 -. 1~962 .8U . 208 
70 . 475 -. 1 963 .7 . 179 

~6 3. 709 -. 15~89 :~t~ . 149 
2. 922 -. 15 §7 .119 

85 2. 132 -. 156 3 • 35~ . 089 
90 1. 361 -. 15062 .23 . 060 
95 . . 636 - . 13816 .119 . 030 

100 0 -. l1138 0 0 

Da t a f or NACA me an line a = 0.4 



NACA ACR No. L5C05 S58 

NACA a·O.5 
MEAN LINE 

2.0 

~ 
1.0 

~ 

~ 
~ 

o ~ 

o:rn 1111ml ' 
o .2 .4 .6 .8 1.0 

x/c 

C'i = 1.0 ai = 3.040 
cmc/ 4 = -0.139 

x Yc dYc/dx i'R ~v/V = Pw1+ (percent Q (percent c 

0 0 -.----- ----- -----
.5 :l~~ 0.58195 
·75 I :4~8t6 1.25 • 735 .4~15 2·5 1.295 

5.0 2.205 .'~OZO 7.5 2.970 .2 ~ 5 10 R:bR8 .24 90 
15 .19690 i.3,3 0.3,3 20 t.l2O .156

A
O 

25 .~O .121 0 
30 6. 0 .09000 

46 7. 21.5 .059,0 
7.430 .02800 

45 1·4~0 -.00630 
50 .3 ° -.05305 
t6 .465 -.09765 1.2.00 .,00 

6. 05 -.12550 1.067 .267 
65 E·72 5 -.~570 .§33 .233 
70 .955 -.1 015 • 00 .200 

~6 4. 1lO •• 16K6O .667 .167 
3.2 5 -.17 35 ·G33 .133 

85 2.§95 -.lZ1f,5 • 00 .100 
90 1.~5 -.1 60 .267 .067 
95 • 0 -.15l 5 .133 .03, 

100 0 -.12 60 0 ° 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

Data for NACA mean line a = 0.5 

J 
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2.0 

~ 

o 

NACA ACR No. L5C05 

NACA a·O.6 
MEAN LINE 

~ 
" ~ 
~ 

:" ":BIIII bUll 
o .2 .4 .6 .8 1.0 

x/c 

cI,l = 1.0 0.1 = 2.580 
cmc/ 4 = -0.158 

x Yc dyc/dx PH o.v/V = PH/4 
(percent c (percent c 

0 0 ------- ----- -----
·5 '4

25 0.54825 
.75 • 55 'aOz6O 

1.25 .695 • ~ 15 
2.5 1.220 .) 555 
5.0 2.080 .31325 
7.5 2.805 .26950 

10 4:t3~ .23730 
15 .18935 
20 t· 3G5 .15250 ~. 250 0.312 
25 .035 .12125 
30 6. 5ZO .09310 

46 6.9 5 .06660 
7.235 .04060 

45 7.370 .01405 
50 7.370 -.01435 

t6 Z·220 -.04700 
.880 -.0~470 

65 6.275 -.1 015 1.09~ .274 70 5. ~05 -.1 595 .93 .23 

~6 4. 30 -.18270 .781 .195 
. 3.695 -.19225 .625 .156 

85 2.720 -.19515 .469 .ll~ .1 

90 1.~55 -.19095 .312 .07 
95 • 25 -.17790 .156 .039 

100 ° -.14550 0 0 

Data for NACA meo.il line a = 0.6 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 



NACA ACR No . L5C05 

2.0 

1.0 

o 

f'... 

NACA a=O.7 
MEAN LINE 

"" ~ 
~~ 

"IjIlllllJE 
o .2 . . 6 .8 1.0 

x/c 

c1. 1 = 1.0 a1 = 2.09 0 cmc/ 4 = -0.179 

x Yc dyc/dx PR AV/V = P1i4 percent c (percent c 

0 0 ------- ----- -----
·5 .~5 0.41620 
• 75 • 5 .J7g5 1.25 .6~5 • 9 0 

2·5 1.1 0 .36325 
5.0 1.955 .29~5 
7.5 2.b45 .2lli.0 

10 E· 24O .2 5 
15 .~5 .17995 
20 5.0 0 .14545 
25 5.715 .. 117 0 :1..176 0.294 
30 6.240 .09200 

46 6.635 .06840 
6.925 .04570 

45 7.095 .02215 
50 7.155 0 
55 7.090 -.024~5 60 6.900 -.o~ ~ 65 6.565 -.0 75 
70 6.030 -.1~ 50 
~6 ~.205 -.1 ~10 .980 .24~ . 215 -. 20 55 .7~ ·il 85 3.140 -. 219t5 .58 
90 2.035 -.219 0 ·392 :Ol~ 
95 . 965 -. 20725 .196 .0 9 

100 0 -. 16985 0 0 

NATIONAL ADVISORY Data for NACA mean line a = 0.7 
COMMITTEE FOR AERONAUTICS. 
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2.0 

1.0 

o 
Yc -c 

x/c 

CZ,l = 1.0 al = 1.540 

x Yc dyc/dx percent c (percent c 

0 0 ------
.5 .28~ 0.48535 
.75 ·to .44925 

1.25 • 1 .403 5~ 
2.5 1.077 .3410 
5. 0 1.841 .27J l 
7.5 2.483 .23 68 

10 3.0~3 .21050 
15 .16892 
20 &:i~~ .13734 
25 5 . ~ 7 .11101 
30 5. 6~ .08774 ~6 6.24 • 0663 

6. 528 • 04601 
45 6.709 .02613 
50 6.790 • 00620 

~6 6'FO -.Olt" 
6. 44 -.03 11 

65 6.~5 -. 06010 
70 6.037 -.08790 

~3 4. 514 -.12&11 
.7Jl -.18 12 

85 3.6 3 -. 23921 
90 2.435 -.2458& 
95 1.163 -.2 90 

100 a -.20385 

NACA AC R No. L5C05 

NACA a=O.8 
MEAN LINE 

~ 
~ 

NAT IONAL ADVISORY 

~c/4 = -0.202 

l1t b.v/V = PR/4 

----- -----

1.111 0.278 

.833 . 208 

.55t> .139 

.278 • 069 
a a 

Data for NACA mean line a = 0.8 

- - -- ----



NACA ACR No. L5C05 '862 

2.0 

1.0 

o 

NACA a-O.9 
MEAN LINE 

1\ 
\ 

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS 

J±MlllliUJ 
o .2 .4 .6 .8 1.0 

x/c 

c~1 = 1.0 a 1 = 0.90 0 
cmc/ 4 = -0.225 

x Yc dyc/dx PH f:lv/V = pw4 
percent c (percent c 

0 0 ------- ----- -----
.5 .269 0.45482 
.75 .379 .42064 

1.25 .57J . 37~40 
2.5 l.00 . 31 21 
5·0 1.720 . 25786 
7.5 2.~16 .22153 

10 2. 35 .19500 
15 G· 7'07 .155.~~ 20 .410 .12b 
25 4.&80 .1014 30 5. 35 .080 7 

R6 5.787 .06084 >1. 053 0.263 
6.045 .04~4 45 6.212 .02 ~ 

50 6.290 .00 7 

~6 6.27~ -. Ollll 

6 .1~ -.0296~ 
65 5.9 1 -. 0493 
70 5.681 -.07103 
~6 ~.26~ -.09583 

.71 -.12605 
85 3. 987 -.16727 
90 2.984 -. 25204 

.526 95 l. 503 -.31463 .132 
100 0 -. 26086 0 0 

Data for NACA mean line a = 0.9 



8 63 

Yc 
C 

1.0 

o 

NACA ACR No . L5C05 

NACA 
MEAN 

acl.O 
LINE 

": EE I I I I I EE 
o . 2 .4 .6 . 8 1.0 

x/c 

c~ = 1.0 
_ 0 

cmc/4 = - 0.250 i ai - 0 

x Yc dyc/dx IE ~v/V = PR/4 
(percent c (percent c 

0 0 ------- ----- -----
.5 .250 0. 42120 
.75 .350 .38875 

1.25 • 535 .34770 
2· 5 . 9~0 .29155 
5. 0. 1.5 0 .23430 
7. 5 2.120 .19~~ 5 10 2.585 .17 5 

15 3.365 .13 03 20 R: ~8~ .llOG 
25 .087 5 
30 4. ~o .06745 

43 5.150 .04925 1.000 0. 250 
5' 455 . 03225 

45 5· 75 .01595 
50 5. ~15 0 

~3 5. 75 -.01 59 5 
5.355 -,Or 25 

65 ~.1~0 -. 0 925 
70 . 3 0 -.0 745 
~6 4 . 4~5 -.08745 

3. 9 0 -.11030 
85 3.36 5 -.13805 
90 2. 585 -. 17485 
95 1. 580 -. 23430 

100 0 ------- ----- -----
Data for NACA mean line a = 1.0 

NATI ONAL ADVI SOR Y 
COMMITTEE fOR AERONAUT ICS. 

-- - - - - - ---_. 



NACA ACE No. 15C05 

III - f~FOIL ORDINATES 



1 I . 

NACA 0006 

NACA 0009 

NACA 1408 

NACA 1410 

NACA 11.~12 

NACi'. 2412 

NACA 2415 

NACA 2418 

NACA 2421 

NACA 2424 

NACA 4412 

NACA 4415 

NACA 4418 

NACA 4421 

NACA 4424 

NACA 23012 

NACA 23015 

NACA 23018 

NACA 23021 

NACA 23024 

NACA 63,4 -420 

NACA 63,4-420, a = 0 .3 

NACA 63 (420) -422 

.NACA ACR No . L5C05 

I I I - AIRFOIL ORDUIATE8 

866a 

S66a 

s660 

8660 

8660 

867 

s67 

867 

867 

s68 

868 

868 

868 

869 

s69 

s69 

869 

870 

870 

870 

S70 

871 

871 



NACA 63 (420)-517 

NACA 63-006 

NACA 63-009 

NACA 63 -206 

NACA 63 -209 

NACA 63-210 

NACA 631-012 

NACA 631-212 

NACA 631-412 

NACA 632-015 

NACA 632,.215 

NACA 632-415 

NACA 632-615 

NACA 633-018 

NACA 633-218 

NACA 633-418 

NACA 633 -618 

NACA 634-021 

NACA 634-221 

NACA 634-421 

NACA 64-006 

NACA 64-009 . 

NACA '64-108 

NAGA 64-110 . 

NACA ACR No. L5C05 

. . 871 

.871a 

.S71a 

.S71a 

.871a 

.871b 

, .S71b 

.871b 

.871b 

.871c 

.S71c 

.S71c · 

.S71c 

.S71d 

.S71d 

.S71d 

.S71d 

.S71e 

.871e 

.871e 

.871f 

.8'(lf 

.871f 

.871f 



NACA. ACR No . L5C05 s65b 

NACA 64-206 8718 

NACA 64-208 871g 

NACA 64-209 871g 

NACA 64-210 871.g 

NACA 641-012 S71h 

NACA 641- 112 871h 

NACA 641-212 871h 

NACA 641- 412 S,!lh 

NACA 642-015 872 

NACA 6~·2 -215 872 

NACA 642- 415 872 

NACA 643-018 S72a 

NACA 643-218 872a 

NACA 643 - 1.~18 872a 

NACA 643-618 S72a 

NACA 644-021 . . . . . 872b 

NACA 644-221 872b 

NACA 644 _ L~21 S72b 

NACA 65; 3-018 873 

NACA 65 , 3-418, a = 0 . 8 873 

NACA 65,3 -618 . 873 

NACA 65(216)-415, a = 0 .5 873 

NACA 65 -006 .. 8738. 

NACA 65 -009 . S73a 



R~CA ACR No. L5C05 865c 

NACA 65-206 873a 

NACA 65-209 873a 

NACA 65 -210 873b 

NACA 65- 410 873b 

NACA 651-012 873b 

NACA 651-212 873b 

NACA 651-212, a = 0 .6 874 

NACA 651-412 874 

NACA 652-015 874 

NACA 652-215 874 

NACA 652-415 874a 

NACA 652- 415, a = 0.5 871~a 

NACA 653 -018 874a 

NACA 653-218 S74a 

NACA 653 -418 875 

NACA 653- ~18, a = 0.5 875 

NACA 653-618 875 

NACA 65
3 

-618, a :::: 0.5 875 

NACA 654-021 875a 

NACA 654-221 S75a 

NACA 654-421 875a 

NACA 654- 421, a = 0 .5 875a 

NACA 65(215)-114 875b 

NACA 65 ( 421) -420 875b 



NACA 66,1-212 . . 

NACA 66(215)-016 

NACA 66(215)-216 

NACA 66-(215)-216, a = 0.6 

NACA 66(215)-42.6 

NACA. 66-006 

NACA 66-009 

NACA 66-206 

NACA 66 -209 

NACA 66 -210 

NACA 661-012 

NACA 661-212 

NACA 662-015 

NACA 662-215 

NACA 662-415 

NACA 6'-3-018 

NACA 66
3

-218 

NACP, 66?-418 
..J 

NACA 664-021 

NACA 664-221 

NACA 67,1-215 

NACA 747A315 

NACA 747A415 

NACA ACR No . L5C05 

.-

866 

875b 

876 

876 

876 

877 

877 

877 

877 

877a 

877a 

877a 

87Tb 

877b 

8770 

877b 



NACA ACR No. ' L5 C05 

NACA 0006 
[Stations and ordinates given 1n 

peroen~ or alrroll chord] 

Upper SUt'raclI Lower Surrace 

Station Ordinate Stati on Ordinate 

0 0 0 0 
1.25 · 95 1.25 -·95 
2·5 1. 31 2.5 -1.31 
5.0 1.78 5.0 -1.78 
7·5 2.10 7.5 -2.10 

10 2.t!t 10 -2.t!t 15 2. 15 -2. 
20 2.87 20 -2 · 87 
25 2·97 25 -2. 97 
,g 3·00 ,g -3·00 

2·tO -2·tO 

~g 2. S ~g -2 . S 
2.2 -2.2 

~ 1. 83 ~ -1.83 
1.~1 -1.31 

90 'K2 90 -'K2 
95 • 0 95 -. 0 

100 ( .06) 100 (-.06 ) 
100 0 100 0 

L.R. radius: 0.40 

S66a 
April 2, 1 9 4 5 

NACA 0009 
[Stations 8lld ordinates given in 

percent or airroil Chord] 

Upper Surrace Lower Surrac. 

Statim Ordinate Station Ordinate 

0 0 0 0 
1.25 1.~ 1.25 -1.~ 
2·5 1.96 2·5 -1.96 
5.0 2.67 5. 0 -2.67 
7·5 3·15 7.5 -3.15 

10 ~.51 10 :t. 51 
15 .01 15 .01 
20 4'40 20 -4'40 
25 4. 6 25 -4. 6 
4g 4.50 4g -4.50 

4.35 -4.31 ~g 3'n 2g -3'G1 3. -3· 
ag 2.75 ~ -2·75 

1.~ -1·97 
90 1. 90 -1.09 
95 .60 95 -.60 

100 ( .10) 100 (-.10) 
100 0 100 0 

L.B. radiua I 0.89 

NATIONAL ADVISORY 
COMMITTEl fot AUONAUT ICS 



S66b 
April 2, 194 5 

NACA 1406 
[stations an~ ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
1.189 1.~24 1.311 -1.200 
2.~18 1. 2 2.582 -1.620 
4. ~ 2.602 5.104 -2.1~ 

3.138 1b:1~ -2.~~ 1:983 e· 558 -2. 
.8~ .171 15.111 -2.95~ 

~.9 fr·~74 20.096 -3.07 
·92 • 19 25.074 -3.101 

29·950 t:~§ RO•05O -3.06, 
40.000 0.000 -2.86

G ~0.020 4.502 49.980 -2 . 55 
O.&ft 3.931 ~9.966 -2.153 

~O. 1 3.193 9 .9~9 -1.693 
0.039 2.305 ~.9 1 -1.193 

90 •02Z 1.271 .9~ -.65~ 
95. 01 .~8 9 ·9 -.~ 100.000 • 4 100.000 -. 4 

L.B. radius I 0·70 
Slope of radiua through L.B.I 0.05 

NACA 1412 
[Stations and ordinates given in 

percent of airfoil chord] 

Upper surlace Lower Surface 

Station [Ordinate Station I nMinAtoA 

0 0 0 0 
1.158 1.954 1.342 -1.830 
2·M8 2. 7M 2.622 -2.491 
4. 5 ,.7 5· 155 -3.~18 
7.~ .53~ 7.670 -R·~7 
~:ti~ 

5·11 10.lZ6 -. 2 
~:~M 15·1 ~ -4·~M 

~:8 9 
20.14 -4. 

6.7,9 25·111 -5.081 
29•926 6.9 0 4g:8b6 -4. 064 
40. 00 6. 0, - .803 
~0 .029 6.267 49 .971 -4.~21 
0.~1 ttt{' g9.949 -3· 75 

~O. 1 9.9fo -2.91g 0.0,8 3.17S 9·9 -2.06 
90.0 0 l:~tg ~'.9 0 -1.141 
9).025 9 .975 -.646 

100.000 .126 100.000 -.126 

L.B. radius: 1.58 
Slope of radius through L.B.: 0.05 

NACA ACR No. L5C05 

NACA 1 ~!l-I 0 
[Stations and ordinates given ir.. 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
1.17i 1.639 1.326 -1·515 
2.~ 2.297 2.602 -2.05~ 
4. 0 ,.1914- 5.~ -2·72 
7.

9
58 4:~3~ -3.1~ 

~:~ 16:146 ltt 5 .0~2 15·139 
~.880 5.g31 20.120 : :031 

·907 5. 09 25.093 -4.091 
29·937 5.~40 eO•Ob3 -4.~ 
~O.OOO ~:39~ 0.000 -~.8~ 0.025 49.97§ - .4~ 60.042 .692 ~9.9a -2·9 
19:~1 ,.8~ 9·9 9 -2 .3\li. 

2·741 ~9 .9~1 -1.b29 
90.034 1. g13 ~.9 6 -·901 
95·021 . 32 9 ·979 -·512 

100.000 .105 100.000 -.105 

L.B. radius I 1.10 
Slope of radius through L.B.I 0.05 

NATIONAL ADVISORY 
COMMITTEE f OIl AERONAUTICS 

I 
J 



NACA ACR No. L5C05 

NACA 2412 
~tat1on. and ord1nates g1ven 1n per

oent of a1rfo1l ohor4j 

Upper Surfaoe Lower Surface 

Stat10n Ord1nate Stat10n Ord1"late 

0 ------.- 0 0 
1.25 2.15 1.25 -1.6

1 2'6 2.99 2'6 -2.2 

t:~~ -~.Og 
J5 1:5 - .4 

~.63 10 -,.75 
15 .61 ~3 - .10 
20 7.26 -4.23 
23 t:~~ 23 -4.22 

~O GO 
j.12 

7.80 - .80 
tg l:~t ~g -3.3~ 

-2.7 

~ 5.18 ~ -2.i4 

90 t6~ 90 
-1.~ 

163 
1.14 

163 
::48 

(.13) (-.13) 
100 ------- 100 0 

L. E. rad1us, 1.58 
Slope of radlua through L.E.: 0.10 

NACA 2418 
~tat1on8 and ord1nates g1ven 1n per

cent of airfoil chordQ 

Upper Surface Lower Surface 

Stat10n Ord1nate Station Ord1nate 

0 ---.---- 0 0 
1.25 ~.28 1.25 _2.~ 
2.5 .45 2.5 -G' 5·0 .03 5·0 
7.5 ~.17 7.5 :~:48 

10 ,oa 10 - 'OG 15 9·3 ~3 -6'6 20 10.15 -7. 9 
25 1O.6~ 25 -7.18 

Gg 10.8 Gg -Z·12 
10.~1 - .71 

~g ~. 9 ~g -5.94 .65 -5·0 
~g 7.02 ~g -3.~7 

5.08 -2. 0 
90 2.81 90 -::~ 95 1.55 95 

100 (.19) 100 \-.19) 
100 -------- 100 0 

L. E . radius: 3.56 
Slope of radiuB through L. E.: 0.10 

NACA 2415 
~tation. and ord1nat .. ginn 1n per

Dent of airfo11 Oho~ 

Upper Surface Lo.er S\U'faoe 

Stat10n Ord1nate Stat10n Ord1nate 

0 ----.--- 0 0 
1.25 2.71 1.25 -2.06 
2·5 3.71 2.5 -2.86 
5.0 t:gZ 5.0 :a:~ 7.5 16. 5 

10 6.83 -4.~ 
~3 ~:16 ~3 -5. 

-5. 6 
25 9.1~ 23 -~'lo Gg 9.3 

&0 
- • 2 

S:~1 :4.25 
tg 2g .67 

1. 50 -3.90 
~g .10 ~ -3.05 

4.41 -2.11 90 2.4~ 90 -1.1 
95 1.3 95 .... 6 

100 (.1 ) 100 (-.16) 
100 -.----- 100 0 

L. E. radius, 2.48 
Slope of radiua through L.R •• 0.10 

NATIONAL ADVISOR l' 
COMMITTEE fOR AERONAUTICS. 

NACA 2421 
[Stations and ordinate. given 1n per

cent of airfo11 Cho~ 

Upper Surface Lower Surface 

Station Ord1nate Station Ord1nate 

0 ---- ... --- 0 0 
1.25 3.87 1.25 -2.82 
2·5 5·21 2·5 - 4.02 
5.0 ~.OO 5. 0 -t·~l 7.5 .2~ 7.5 - • 8 

10 9.2 10 -~.18 
15 10.70 15 - .05 
20 11.59 20 -8·t2 
25 12.1~ 25 -8. 7 

Gg 12.3 tg -8.62 
12.16 -8.16 

~g 11.22 ~g -Z·31 
9.74 - .17 

~g 7.9 ~g -4." 5.7~ -3. 
90 3.1 90 -1. 
95 1.~6 95 -1.06 

100 (. 2) 100 (-.22) 
100 ---.---- 100 0 

L. E. radius: 4.85 
0.10 Slope of r~dius through L. E.: 

S67 



r 

868 

NACA 24 24 
[Stat1ons and ord1natee g1ven 

1n percent of airfoil chord] 

Upper Surface Loar Surface 

Stat10n Ord1nate Station Ord1nate 

0 0 0 0 
.8~ ~:ez~ 1.6~~ ~.~6 2.0 2.9 - :l~ t:~g 7.552 9.620 

9.052 .180 -~.69.2 
~.~oo 10. ill 10·Z00 - .4b~ 
.~~ 11. 15· (,7 -9.45 

~. 7 12.959 20'm -9.959 
.555 1~.~ 25· 5 -lO'm 29 . 700 1~. ~O.~OO -10. 

40.000 1~.6 0.000 -~.6 
lO.118 12.5~2 49.882 - .644 
0.2~ 10.~ 19.79~ -7.~ 
~.2 8. 9.7l 

.22~ 6.~52 H' ~ 7 
:4:1~0 

90.1 1 ~.502 • ~9 ...2.2 0 
63. 098 1.9~0 9 '602 -1.292 

1 .000 -_ .. ----- 100. 00 O· 

L. B. radi".. 6.~~ 
Slope or rad1". through Lo B., 0.10 

NACA 4415 
[Station. and ordinate. ghell, 

in percent of a1rf011 oho~ 

Upper Surfaoe LowerSurt'aee 

Station Ordinate Stat10n Ordinate 

0 -------- 0 0 
1.25 ,.07 1.25 j:4~ 2.5 .1Z 2.5 
5·0 t·7 5.0 -3.27 
7.5 ·tt 7·5 -~.71 

10 7. 10 -~.98 
~6 9·2{ 15 - .18 

10.25 20 -4.1~ 
25 10.92 2~ ~'1 
~g 11.25 

'0 
-~. 5 

11.2~ -~.2~ 
tg 10.5 ~g - .7 

9'iO -2.1.4 

~ 7· ~ ~ -1.55 
5.5~ -1.0~ 

90 ~.O 90 -.5Z 
166 

1.6l 95 
(::16) (.1 ) 100 

100 ------ 100 0 

Lo B. 1'&41".. 2.48 
Slop. or r&d1". throll8h Lo B •• 0.20 

NACA ACR No. L5C05 

NACA 4412 
[Stat10n. and ordlnate. g1ven 

1n percent of a1rfoil Ohor~ 

Upper Surface Lo.er Surfaoe 

Stat10n ord1nate Stat10n Ordinate 

0 0 0 0 
1.25 2.44 1.25 -1.43 
2.5 ~.~9 2.5 j:g 5.0 .7t 5·0 
7.5 l·7 7.5 -2. 

10 ·a9 10 -2. 
15 ~. , 15 -2.88 
20 .80 20 -2.14 
2~ ~:~ 26 j:~~ 
'0 '0 -1.80 

19 S:i! tg -1.40 
-1.00 

~ 6.69 ~ -.65 
4.89 -'ll 90 2'41 90 -. 

95 1. 7 95 -.16 
100 (.1~) 100 (-.13) 
100 --.----- 100 0 

L. B. r ad1".1 1.58 
Slope of rad1". through LoB. I 0.20 

NATIONAL ADVISORY 
COMM ITTEE FOR AERONAUTICS. 

NACA 4418 
~tat10ns and ordinates g1ven 

in percent of airfoil ohord] 

Upper Surfao. Lo .. r Surt'aoe 

Stat10n Ordinate Station Ordinate 

0 -------- 0 0 
1.25 ~.~ 1.25 -<0.11 
2.5 

l:62 
2·5 .z'6l 5.0 5.0 -4. 

7.5 8. 7.5 -4·tl 10 9.11 10 -5. 

~6 10.66 ~6 -5.4t 11'42 -5., 
25 12. 0 25 -5 . t 
~g 12.76 ~g -l·2 

12.~0 - . 7° 

19 l1·za ro - 4. 02 
10. -~.24 

~ 8.55 ~ ~:~1 6.22 
90 3.~ 90 -.9' 

166 
1. 9 95 .... 55 
(.19) 100 (-.19 ) 

100 -------- 100 0 

L. B. rad1". I ~.56 
Slope of rad1W1 through L. B •• 0 .20 



NACA ACR No • . L5C05 

NACA 4421 
~tation. and ordinate. given 

in percent of airfoil chord] 

Upper Surface Lo.er Surfac. 

Station Ordinate Station Ordinate 

0 -------- 0 0 
1.25 t.~ 1.25 -2.42 
2.5 2.5 -,.48 
5.0 7.82 5.0 - ·Z8 7.5 9.24 7.5 j. 2 

10 10.~ 10 ·1.5 

~6 12. ~6 j:~~ 13·M 25 ~. 25 -6.92 
ag .2l ~g -6.76 

14.1 -6.16 

19 13.1.8 ~g :4:G~ 11..60 

~g l·5O ag -'.35 
.~ -2.31 

90 3. 90 -l·ll 95 2.ll 
163 (:: ) 100 (.22) 

100 --.----- 100 0 

L. E·. radius, 4.85 

Slope of radiua through 1- E. I 0.20 

NACA 23012 
~tat'an. and ord1natea given 
in percent of airfoil Chord] 

Upper Sur1'ace Lower Surfaoe 

Station Ord1nate Station Ordinate 

0 -------- 0 0 
1.25 2.67 1.25 -1.2, 
2.6 a· 61 2·3 j:1t 5. .~1 5· 
7·5 ~. 0 7·5 -2.61 

10 .4, 10 -2.92 
15 7.19 15 -'.50 
20 7.60 20 :tl~ 25 7. 0 25 
,g 7.~ Gg ttt~ 
19 l:4i 19 -4.17 

t#l -,.67 

~ Ag -3.00 
3.08 -2.16 

90 1.68 90 -1.2, 
95 .92 166 -.70 

100 (.13) (-.1,) 
100 -------- 100 0 

1- B. radiua I 1.58 

Slope of rad1 ua through 1- B. I o. ,05 

NACA 4424 
~tat1_ and or41nat.s gl_ 

in pel'Oht or a1rtoll Obo~ 

Upper swot ... Lowr SuP1'aoe 

Statioo OnUnaw 8tation Ord1A"ate 

0 0 0 0 
.530 3·t4 1..4£0 :i:U! 1.5,6 1. 24 ,. ~ 

~.775 ·l42 6.22 
.~53 9. ii 8.~ -6·m 8. 1.1. ll.O 11..~9 :1: 1~.67~ itW 16. (, -s.ul 1 .85 2l.~ 

240111. 15.2~ 25. :tm 29.401 15·1' ~:66Z 40.000 ~ 06 :1.606 
lO.2~ i74 49.~65 ·&l8 
0.4 5 12. 74 f:5 2 

~:tn If:! t~ J~ 
90.320 -·m 95.196 2. 0 -. 

100.000 ------.... 100.000 0 

x.. E. ra41ua, 6." 

Slop« or 1'&41_ throUS1 1- K., 0.20 

NATIONAL ADVISORY 
COMMITTEE FDA AERONAUTICS. 

NACA 23015 
~tatiODs and ordinate. ai"n 

in pe_t or a1rfoU obo~ 
Upper ~_ Lower SUl'f'aee 

S1:&"= Ol'I:lt..te S\atioo ON1aaM 

0 -------- 0 0 
1.25 4:~ 1.25 -L.1; 
2.5 2.6 -2.~ 
~.c ~. 
.5 1:~ J:5 :t'1 1. k ~6 8.2 i6 ~§ 

23 9.08 

ra 
-5·7 

~ t 05 -5-96 

l:i~ -5.~ 
~ ~o 

~ 5.25 ~ -:~ 3.~ 90 2. 90 -1.59 
95 1.12 166 -'iO 

100 (.16) (-. 6) 
100 -------- 100 0 

1- B. ra41ua' 2.48 

Slope or ra41ua through 1..B •• 0.,05 

869 



870 

NACA 23018 
~tat1ona and ordinate. given 

in percent or a1rt'oil oho~ 

Upper Surr..,e I.ow.r Surra ... 

Stat10n Ord1nate Station Ord1nate 

0 ---4:09- 0 0 
1.25 1.25 -l..~ 
2·5 &.29 2.5 -2·M 
~.o .92 ~.O :t60 .5 8.01 ·5 

1 8.~ 10 1.22 
15 9· 15 .18 
20 10.,6 20 -6.86 
25 10.56 25 

~~~ 4g 10.~ ~g 10. 

~g 9.05 ro 
~ 

l:7a 
~ :a:~ 

4.to -,.48 
90 2·'9 90 -1.94 
95 1.,z 95 -1·09 

100 (.19 ) 100 (-.19) 
100 -------- 100 0 

L. -B. ra41W11 ,.56 
Slope or radiWl through L. E. I 0.305 

NACA 23024 
IJtat101la and ordinat .. g1nn 

in pereent or airtoll .hord] 
Upper SurraGe Lowr Surrace 

StatiOll Ordinata station urdinate 

0 0 0 0 
.277 4.01Z 2.22, 

:l:M~ 1·r
1 ~.16 ~:tt1 3. 6f ·m 1. 2 6. 8·'t9 .860 

9.42, J:04~ 10·5 1 -'!J. 647 
15·001 12.52 

itn~ 
- .852 

20.26, 1,.231 -9.~3 25.2 2 
1

3
•

5'6 -10. ~ ,°.266 13.5 29.1~ -10.4 
0.25 12.~28 ~9.1 -10.2 

50•235 11. 90 9·7 j.4 60.202 10.008 29.'!J98 :t:9 ~0.162 1'l88 9.~8 
0.ll6 5· ~ ~!:9~~ 90

•
06t 3.1~ -2.61 

95·03 1.7 994 -1·50 
100 -------- 100 0 

L. E. radiWlI 6.33 

Slope or radiua through L.E.IO.305 

I 

NAC A ACR No. L5C05 

NACA 23021 
!jtat11X18 an4 ordinat .. g1-f19.. 

in peroet or a~rt'o11 oho~ 
Uppal' lurrace Lowr auz.t .. e 

staticm OZOd1IIate Statica Ordinah 

0 -------- 0 0 
1.25 t.H 1.25 -2.08 
2.6 2°6 :4.14 

J:5 g.~ J:5 j:n 1 :03 

i6 11.19 i6 :kH 11.80 
26 l.2.gz 16 -8. 6 

12. -8.~ ~ ll.ttz ~ :t 10. ~ 8.90 

~U ~ ~I ~ 
90 

Ja .~ 
1~ t ') -1. 

(_22) 
100 -- ... ----- 100 0 

L. .. ra41U81 4.85 

110pe et rtIOI.Saa ~ I.. ~.I 0.~5 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 

NACA 63,4-420 
~tat10na aDd ordinat .. &inn 

in percent cd a1rt'oll ohol"l!J 

Upper surra .. X-r Surtaoe 

Station Ord1nate statiOlll Ordinate 

0 0 0 0 
.216 l·m .166 .1.59° 

. :~&!] 2. 6 1·21 -1.~16 
2. -2·m 2.082 

I~ID 
tu~ :4. 4.5,8 z. 2 

"m l:~ 1 :476 ~. 
16• ill 

- .1 

~66~ J: 
2 ·'H :l:~a 66, 11.~ 25•3Z 

2Z..'!J,z 11. ~6 r·2 

~:rz ' • O~ 12.0 6:~l U::to ll.906 - • 22 
U.~6 45. 060 - .116 

50.000 ll. 5 50.00 0 .6 , 
65• 052 1~:4§~ rtru :!:~6S O'm 65.12 Z:~~ - .40, 
10. 

*4:~ j:m ~.15b .253 
.150 4.9~ i:8O -1. 

26:12~ 3.6 ~.~ ·.~92 

95.~1 2.319 -. 11 
1.131 9 ·953 .133 

100 0 100 0 

L. E. radiusl 3.16 

Slope of radius through L. R.IO.168 



NACA ACR No. L5C05 

NACA 63,4-420 
a- 0.3 

[Stations and ordinates given in 
percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.065 1.814 .~5 -1.e02 
.260 2.241 1. 0 -1.~ .691 2.912 1.~ -2. 
1.8~ 4.128 ~. -2·9 t.2 8 5.878 g.712 :4.114 
.~1 ~:~t~ .229 • 01 

~. 0 10.120 -5·158 

~:~~ 
10.132 15.~ 1.996 
11.410 20. .540 

29.80~ 12.2g6 25·~96 -6.9 8 
12.'li!1 ~0.192 -7.12~ 45•008 12. 8 ~4.~92 -1.1 
12· 6S4 ~: ~1 - .~~ 4~:MtJ 12. ; -6.~7 

50.~ 11.3 ~J92 -6. 0 
55.~ 10'416 .6~6 -5.7g

6 
lio·"3 ~. 97 l~:~ I ~:hl 65.~~9 .356 70.30

g 7·12 ~t6~ ~5.25 4.807 -~.111 
0.191 .4M ~:~~ -2.~3~ 

8~.11% ~.1 -1. gli 
9 .0 1.836 8~.927 ::2,rz 95·025 .728 9 .97>5 

100.000 0 100.0 0 0 

L.B. radius, ~.16 
Slope of radius throue;h L.B.: 0.262 

NACA 63 (420)- 517 
@jtatians and ordinates given in 

percent or airfoil Chord] 

Upper Surface Lower Surface 

Station Ordinate Station ordinate 

0 0 0 0 
.200 1. 5!1 .800 -1.~01 

.~2 1.~ 2 1.088 -1.562 
• 6 2. ~ 

t~!~ 
-1.9~1 

2.0'}8 ~.4 -2.5 8 

t· 511 :i~ -~.386 
.496 :t~~ ~. 9! ~:~ 

10.403 
·52 15· 73 -5.178 

ti·t1 9. 63g 20.42? -5. 6r • 4.2 l°·M 26·~~ -~.g 0 
2 .715 10. 7 3 .2 5 -. 7 
~ .'[;tl 11.05~ '5.~ -5·90~ 

fio 6 
lO·Z77 0.1 -5.li21 

.936 10. ~ 45· :t2M 0.000 10.~ 50. 000 
5·0 r C; 

a:925 
54·

a
45 -4.1 

, O.lv1 
l4:8g

9 -3.569 
65·1~5 8.067 6 1)45 -2·917 
70.12~ 1. 099 -2.2~ 
~5.1 .o~o 7t~a 
0.1~1 ~:2'l~ ~. 1 -::S&1 

85·1 . 3 -.3 
90.100 2.4~ ~.900 .1tO 
95. 050 1.213 9 ·950 ·3 7 

100.000 0 100.000 0 

L.B. radius: 2.283 
Slope of radius throue;h L.B., 0.211 

S71 
April 2, 1945 

NACA 63(420)-422 
~tatione and or<il.natea given i n 

peroent of airfoil cho~ 

Upper Surface Lo_r Surf ace 

St ation Ordinate Stat ion Ordinate 

0 0 0 0 
.1~ l·~r . 81~ -1.759 
'g9 r O~ 1.102 -2·gfo 

2:~f 1.650 -2. 0 
.~12 2.S6a -,.548 

t·412 .O~ g. 5 - ·le£, 
~:47e t'9 

. 02~ -t' 91 
10.~22 - .428 

. 509 10.~1 15. 91 :z ·5~9 
~·t6~ 11. 9 20 .437 .305 

• 30 12·S77 25·~70 -8.797 
~:7~ 12. 90 30•292 -~.002 

~.~1 13.~ ~~.21 - .914 
12. ~ .13l -8.599 

.9~ 12.493 4~ . 06 -8.113 
50.000 11.907 50.000 :'l,.4~5 
l5. 02l ll.~ ~:~t ·7 7 
0.1 10. -5·94~ 
65.~0 9.16

a 
.abo -4·(49 

70.1 ~ 1.98 64·~~ - . 100 
~.112 .700 7 .82 -3.120 

.1 5 5.32a ~:~3a -2. 142 
85.l42 3·91 -1.~ 90.103 2 . 51~ ~ .8!7 -. 5 
95·051 1.181 9 ·9 9 . , 

100.000 0 100.000 0 

L.B. radiua' 3.82 
Sl ope of radi us throue;h L .B. I 0.168 

NATIONAL ADVISORY 
CO,,"tTTEE FOR AlAOllAUTtCS 



S7 1a 

NACA 63-006 
~tat ions and ord inates given in 

pe rcent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.45!:! · 551 . 542 - .451 
·703 . 671 ·797 - ·537 

1.193 .tl7 1 ·303 -. 662 
2 .43' 1.241 2 . 562 -. a6?, 
~ . ~2 1 .736 5·06d -1.14. 
7 · 9 2 .1 9 7·571 -1. t 41 
[. .930 2·521> 10 .0rO -1 . 92 

1 ~ . 9t4 3.05!:! 15.0 6 -1. J12 
1~ . 9 1 3.451 20 .059 -1. ~9 2 .950 3 .736 25 .0aO -1. 9 I> 
2~ . 91>0 t·926 30 . 0 0 -1. 9 2 
3 .9JO .o~ 45 .030 - 1. 970 
~. 9 1 ~ .O 0 .019 -1. fOO 

·991 3.§72 45 .009 -1. 82 
50.000 3. 26 50 .000 -1. 620 
55 .008 3.612 54 . 9~2 -1. 422 
60 .015 3.33a ~ . 9 5 -1.196 
65.020 3 ·012 .9!:!0 -·9.52 
70.023 2.642 6~ . 977 -· tt8 
J5. 023 2.23~ 7 .92J -. 7 

0.022 1.80 Jt§~l 
-. 212 

85 .019 1.35 -. 010 

9
0

.
01g I .~OO d~ . 98l . 13~ 

95 ·00 . 54 9 ·99 .17 
100 .000 0 100 . 000 0 

L.E. radius: 0.297 
Slope of radius through L.E.: 0.0842 

NACA 63-206 
~tations and ordinates given in 

percent of airfoil chor~ 

Uppe r Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
·5 ·503 · 5 -· 503 
· 75 . 1>09 ·75 -. 609 

1.25 ·771 1.25 -. 771 
2.5 1.057 2 ·5 -1.057 
5·0 1.41>2 5 ·0 -1.41>2 
7·5 1.766 7 ·5 -1. 766 

10 2 .010 10 -2 .010 
15 2 .386 15 -2 .386 
20 2 .64f 20 -2.6a6 
25 2 .8 25 -2 .8 1 
30 2·954 30 -2.954 

43 3·000 4~ -3 ·000 
2 . ~71 -2 . ~71 

45 2. 77 45 -2. 77 
50 2 ·723 50 -2 ·723 

l3 2·517 ~~ -2· 517 
2 .267 -2 .26~ 

65 1 .982 65 -1.9a 
70 1.6l0 70 -1.67.0 

~3 1.32 ~~ -1.3 2 
1.008 -1. 008 

as .683 as -. 683 
90 . 38~ 90 -. 3tla 
95 .13 95 - .13 

100 0 100 0 

L.E. radius: 0.297 

NACA AC R No. L5C05 

NACA 63-009 
~tations and ordinates given in 

percen t of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
· 5 .749 · 5 -. 749 
·75 .901> . 75 -. 901> 

1. 25 1.::'~l 1.25 -1.1~1 
2· 5 1.5 2 2 ·5 -1.5 2 
5· 0 2.196 5 ·0 -2.196 
7·5 2 . 654 7· 5 -2.654 10 3·02 10 - 3.02 

15 3·591 15 - 3·591 
ao 4 .997 20 -t ·997 
25 .275 25 -·m 30 4.442- 30 -4 . 

43 
4 . ~0 t3 -4 . ~0 
4. 7 -4. 7 

115 ~.296 45 -4.296 
50 11. 056 50 -4.056 

l3 3 . 73~ l3 -3 . 73~ 
3·35 - 3.35 

65 2.~28 65 -2.~28 
70 2 . 58 70 -2 . 58 

J3 
1.~66 ~~ -1.~66 
1. 71 -1. 71 

85 ·990 85 -· 990 
90 ·550 90 -· 550 
95 .196 95 -.196 

100 0 100 0 

L.E. radius: 0. 631 

NACA 63- 209 
~tations and ordinates given in 

perc ent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 

:t~6 .796 . ~63 -. 696 
·973 . 20 -.8~ 

1.170 1.255 1.330 -1.0 
2.408 1.765 2 .592 -1.393 
4 .894 2·510 5·103 -1.878 
7 . ~9 3·077 7 · 606 -2.229 
~ . 94 [, . 539 10 .106 -2·505 

1 .901 1.263 15 . 0~~ -2 ·917 
1~.912 4.792 20 .0 -3 .200 
2 .925 5 .1 6~ 25 ·075 -3'479 
2~ . 940 5·41 30.060 - 3. 70 
3 ·956 5·530 t 5.044 - 3.470 

U·971 5.5ltl 0.02~ -3. 376 
·986 5. 391 45. 01 -3. 201 

50.000 4 · 15~ 50 . 000 -2. 94t 
55·012 .83 54 .988 -2.6 
1>0 .022 ~ . 42~ 5

4
.978 -2.2!:!J 

65. 029 3 ' (,5 I> .971 -1.8~ 
70 •03t 3'830 t 967 -1.4 6 
p.03 2 . 61 7 ·966 -1.071 

0.032 2 .2.67 
J4 ·

968 - .675 
85.027 1. 663 .9J3 -·317 
90.019 1.067 8

4
.9 1 -. 033 

95. 009 .512 9 ·991 .120 
100.000 0 100.000 0 

L.E. radius: 0.631 
Slope of radius through L.E .: 0.0842 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



NACA ACR No. L5C05 

NACA 63-210 
[Stat ions and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
. ~30 .876 . ~70 -. 776 
• b9 1.107 • 31 -. 967 

1.162 1.379 1.338 -1.165 
2 '§S8 1.939 2.b02 -1.567 
4 . 6 2·753 5.11~ -2.121 
7 .g82 3.g72 7.61 -2 . ~24 
4' :32 3. 77 10 .118 -2. 43 

1 .tJ90 4.665 15·110 -3 .31g 
1~.902 ~ . 240 20 .gg8 - 3. b4 
2 .917 . 647 25 · 3 -3.857 
2
4

. 933 5·910 30.067 -3.966 
3 ·951 b.030 R5.049 -3·S~0 G4 .9b8 6.009 0.032 - 3. 7 

·9C!5 5·861 45·015 -3.671 
~O.OOO 
5·013 ~ : ~~5 ~O . OOO 

4.987 :~:64~ 
60.024 4.786 54.97 6 -2 . 644 
65 .032 4·264 b .968 -2.204 
70 .036 3.684 6

4
.964 -1.740 

75 .038 3.061 7 ·9 62 -1.271 
tJO .036 2.414 ~4 · 964 -.822 
!:l5.030 1.761 ·970 -. 415 
90.021 1.121 8

4
•979 -. 087 

95 . 010 . 530 9 ·990 .102 
100 . 000 0 100 .000 0 

L.E. radius : 0·770 
Slope of radius through L.E . : 0. 0C!42 

NACA 631 -212 
~tations and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.417 1.032 . ~!:l3 -· 932 
. 6~7 1.260 . 43 -1.120 

1.1~ 1.622 1·355 -1.4Od 
2.~7 2.28~ 2. b22 -1 ·912 
4 . 6§ 3·23 5 . 1~ -2.606 
7·35 [..964 7 . 6 - 3·115 
(, .U5?, "45 10.141 -£ .520 

1: .81i8 5. 70 15.132 - ' .124 
1
4

.882 b.137 20 .11U -4.5.1;5 
2, .900 6. 606 25·100 -4 .816 
2
4

.920 6·901 30 .080 -4·957 
3 .9t1 7·030 R5.05S -4·970 
(,4 .9 2 6.991 0 .03 -4 .d49 

I .982 6.799 1,5.0lU -4.609 
50 .000 6.473 50 .000 - 4.267 
55·016 6.030 54.9c34 -3.S4o 
60 .02

A G · ~91 5l · 9~1 -3'849 
65. 0r. . 70 b .9 2 -2 . 10 
70.0 3 4 .1d2 t 957 -2 .238 
~5.045 3.~51 7 .95a -1. 661 

0.042 2 . 48 74.95 -1 .106 
d5.035 1.9~ 8 .965 - .601 
90 .025 1.22 84.975 -. 190 
95 . 012 .56 9 .98d .066 

100.000 0 100 .000 0 

L. E. radi us : 1.0C!7 
Slope of radius through L.E .: 0.0842 

NACA 63 1-012 
~tations and ordinates given in 

percent of airfoil chor~ 

Upper' Surface Lower Surface 

Statior Ordinate Station Ordinate 

0 0 0 0 
.5 .984 .5 -.984 ·75 1.19 ·75 -1.19 

1.25 1.519 1.25 -1. 519 
2·5 2.102 2·5 -2.102 
5. 0 2.925 5·0 -2.925 

16. 5 4:6W 16. 5 -4'642 
- . 39 

15 4"7~ 15 -4.7~ 20 20 
25 $:112 25 :$:h2 
30 t· 93O 30 -5·930 

R3 .000 R3 -b.OOO 
5.920 -5.920 

45 5.704 45 -5.704 
~g 4 ·3~0 ~g :t~g ·9 5 
60 4.~0 60 -4. 0 
65 3. 40 65 -3. 40 
70 3 ·210 70 -3.210 

A6 2·556 ~6 -2.556 
1.902 -1·902 

85 1.274 85 -1. 274 
90 ·707 90 -·707 
95 .250 95 -.250 

100 0 100 0 

L.E. radius: 1.0S7 

NACA 631 -412 
~tations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
. ,,6 1.071 . 664 -.8'{/ 
.567 1·320 '4" 

-1.0 0 
1.041 1.419 1. 49 -1.291 
2.257 2. 60 2.7 3 -1. 716 
4 . 72~ 4. 544 5.2J3 -2.2C!0 
7 ·21 ·379 7 .7 2 -2.685 
4. 718 5. 06§ 10.282 -2'&45 

1 .735 1>.13 15.265 -3. ' b-
14·~65 6.~29 20.235 -3.745 
2 . 00 7· 99 25. 200 -3.914 2
4

'SMo J' 72 30.160 -3·98 
3 .S 2 .059 R5•118 -3.93

S R4. 924 8.0£>2 0.076 -3·77 
·964 7.S94 45.036 -3·514 

50.000 7.576 50.000 -3.164 
55.031 7.125 54 ·969 -2.7L~ 
60.05~ 6·562 ~t§~4 -2.27 
65 . ~ 5·a99 -1.779 
70. 7 t 1

Gt 
64.913 -1.26~ 

~5.084 7 ·911 -·76 
O.oS 3 . ~92 74.916 -·30 

85.040 2. 18 tJ .930 .074 
90.0 9 1 ·A,9 84 ·951 ·329 
95·023 . 81 9 .9'6'6 .3!:l3 

100.000 0 100.0 0 

L.E. radius: 1.087 
Slope of radius through L.E.: 0.1685 

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS 

S71b 



S71c 

[St a tions and ord inates gi ven i n 
percent of airfoil cho r~ 

Upper Surface Lower Surface 
r--

Sta tion Ord inate Station Ordinate 

0 0 0 0 
·5 1.204 · 5 -1. 204 
· 75 l.M62 · 75 - 1. ~62 

1.25 1. 78 1.25 -1. 78 
2·5 2.610 2·5 -2 .610 
5. 0 R·648 5.0 -R·648 
7· 5 .427 7 ·5 - .427 

10 ) .055 10 -5·055 
15 b.Oll 15 - 6.011 
20 6.693 20 - 6. 693 
25 7·155 25 -7·155 
30 7.421 30 -7. '.j.21 

R6 7·500 ,6 -7·500 
7.386 -7.386 

45 6.099 45 -6.099 
50 .6ba 50 - . 6ga 
~6 6.10 ~~ -6.1 

G·453 - (, .453 
65 ·721 65 -4·721 
70 3·934 70 -3·934 

J6 
3·119 

J6 
-3·119 

2· 310 -2·310 
ti5 1·a41 85 -1. a41 
90 . 52 90 -. 52 
95 ·300 95 - ·300 

100 0 100 0 

L.E . radius : 1·594 . 

NACA 632 -415 
~tations and ord inates given ~n 

percent of a irfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
·300 1. 287 .700 -1. 087 
.525 1. 584 ·975 -1. 305 
·991 2.0b 1·a09 -1. b4b 

2 .19B 2 ·9 4 2 . 02 -2.220 
1( . 6bo 4.264 5·3ho -3· 000 
7.147 5.261 7.053 -R· 565 

. 4·6P b . 07~ 10 ·353 - .009 
1 . 6 9 7 .34 15·331 -4. 65b 
14.705 d .279 20 .295 -5·095 
2 'J50 8 . 9~1 25 ·250 -5 . ~61 
2
G
. 00 9.3 2 30 .200 -5· 74 

3 .852 9 ·559 t5.140 -5.4
G
9 

Lt ·
905 9 .527 0 . 0~5 -~ . 2 3 

·955 &.289 45 .0 5 - .&09 
50 .000 .871 50 .000 -4. 5~ 
55 ·039 8 .298 54 ·961 -3.918 
60 .070 7 . 5~5 5t ·93O -3· 311 
65 ·093 6.7 0 b .907 -2. 660 
70 .10b G·877 6& .Cl94 -1. 9B9 
~5 .109 ·907 7 .891 -1. 327 

0.102 3 . ~00 Jt·898 -. 716 
85 ·085 2 . 8

G ·915 -. 19., 
90 .059 1.88 8t ·941 .18 
95 .02J ·931 9 .972 ·333 

100 .000 0 100 .000 0 

L.E. radius : 1.594 
Slope of radius through L.E.: 0.16Cl5 

'----. -

----- -- - --

NACA ACR No . L5C0 5 

NACA 632 -215 
[Stations and ord inates 3iven in 

pe.r cent of airfoil chorq] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 I 0 0 0 
·399 1.250 .601 -1.150 
.637 1.528 .863 -1. W8 

1.120 1·980 1. 380 -1.766 
2.~48 2 ·792 2. 652 -2 .420 
4. 29 t~6~ 5·171 -3. 328 
7·323 

5.5t9 
7· 677 -t·999 

t ·
82

R 10 .11Z - ·535 
1 .83 b.bS2 15 ·1 - 5 . ~36 
19 .852 7·487 20.148 -5· 95 
24 .875 d .049 25 ·125 =t4G~ 2t ·9OO d .392 30 .100 
3 .926 8·

G
,O L5.07~ -6 .470 

~ . 952 8 . 57 0.04 -6. 31a 
·977 8 . 1~ 45 ·023 - 6.00 

50.000 7·7 50.000 -5.562 
55 ·019 7.20t 54 .981 -G·01

' bO' OR5 6.52 ~l · 965 - .382 
65 ·0 7 G·751 .9

G
3 -3· b91 

70 .053 ·906 6t ·9 7 -2 .9b2 
J5 .055 4·014 7 ·945 -2.224 
0.OG1 , .105 ~t · 949 -1 ·a13 

85 ·0 3 2.2M -. 67 
90 .030 1.3 tlt : §~6 - .33t 
95 ·014 . 616 9 .9 6 .01 

100 .000 0 100.000 0 

L. E. r adi us: 1. 594 
Slope of radius t hr ough L.E.: 0.0842 

~ACA 
[Stations and ordinate s given in 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordina t e 

0 0 0 0 
.205. 1.317 . 735 -1. 017 
. ~d 1.634 1.0 2 -1. 214 
. 66 2.159 1.634 -1. 517 

2.050 G· 129 2.950 -2. 01, 
t·492 · 560 § . 508 -2 . 66 

'l73 5. 66J .027 -3·123 
b·57 10·

G
2b -3. 476 

1l:564 8.010 
15·m t 972 

1t· 558 9·0 66 20 . - .290 
2 . 625 9·830 25 ·375 -4.460 
2
4
.700 10.331 30 .300 -4 .499 

3 ' J78 10. 58J ~5 . 222 -4. 407 
G£ ' 57 10.5~ 0 .1~§ -4 ·172 

·932 10 ·3 4 45 .0 -3.81t 
50.000 9·974 50.000 -3.§5 
55 · 058 ~ : ~~~ 51(. ?,42 -2 . 23 
60 .105 ~tg~i -2.239 
65 .139 1.809 -1. 629 
70 .159 .847 t 841 -1. 015 
~5 . 163 G·8OO 7 .8F - .4~0 

0.153 .693 Jl ·8 (7 .0 3 
35 .127 3 . 55~ .873 .48, 
90.089 2. 3l 8l·911 'bO 
95 .042 1.2 5 9 .958 . 51 

100 .000 0 100 .000 0 
-

L.E. radius: 1.594 
Slope of radius through L.E.: 0 .2527 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



NACA ACR No. L5C05 

~tations and ordinates given in 
percen t of airfoil chor~ 

Upper Surface Lower Surf ace 

Station Ordinate Stat ion Ordinate 

0 0 0 0 
·5 1.404 ·5 -1.404 
·75 1. 713 . 75 -1. 713 

1.25 2 .217 1.25 -2 .217 
2 · 5 ~ . 1 04 2· 5 -~ . 101~ 
5·0 .362 5· 0 - .362 
7· 5 ~ .308 7· 5 -t·3OC! 10 . 068 10 - .068 

15 J .22g 15 -J .22g 20 .04 20 - .04 
25 8 . 600 25 -8 . 600 
30 8 .913 30 -8 ·913 

t~ 
§ .OOO 

G6 l~~~ . 8tl~ 8 .4 45 
50 7 ·942 50 - 7 ·942 

g6 7· 256 55 -7 .256 
6.455 60 -6 .455 

65 4. 567 65 -4. 567 
70 .622 70 - . 622 
75 3. 650 

J6 
- 3· 650 

tiO 2 .6
A

l -2 . 6~ 1 
85 1. 7 7 85 -1 ·7 7 
90 . 98~ 90 -. 985 
95 .34 95 -. 34C! 

100 0 100 0 

L . E. r adius : 2 .120 

NACA 
~ta tions and ordinates gi ven i n 

percent of airfo i l chord] 

Upper Surface Lower Surface 

Station Ordinate St at ion Ordi nate 

0 0 0 0 
.267 1. 484 . ·733 -1.284 
. 487 1 .833 1. 013 -1. ~3 
·945 2 .410 1. ~55 -1. 9' 2 

2 .140 ~ . U55 2 . 60 -2 ·711 
4 ·593 · 975 5·407 -~ ' ll1 7·077 6.139 7 ' [,23 - . 1,3 

G· 577 J .087 10 . 12~ - 5.0ga 1 . 1>02 . 560 15· 39 - 5·8 
1~ . 645 9 . ()~2 20 ·355 - 6.LI18 
2 . 629 10· 3 G 25 · 301 - 6.805 
2~ ' J60 10 .85 30 .2110 - 6.966 
3 . 23 11 . 0~8 35 ·177 - 6·938 

rl ·S86 10 .9 6 40 .114 - 6·702 
, ·946 l O· 1>12 43 .034 - 6 . 2~2 

50.000 10 .1 B 5 .0 0 - 5 .7 6 
t5.8!J6 ~ . 446 54 ·95u -~ . 066 
o. 3 · 596 5t ·917 - · 312 

65 ·110 7. 626 6 .890 -3. 506 
70.12a 6 : ~~~ 64.875 -2 .676 
75 .12 7 . 8~2 -1.858 
dO .1l9 G. 2dO ~[, . 8 1 -1. 096 
85 .099 3 ·130 , ·901 - .L.38 
90 .069 2 .01J 8[, .931 ' OAl 
95 .032 ·97 9 ·968 .2 6 

100 .000 0 100 .000 0 

L . E . r ad ius : 2 .120 
Slope of r adi us thr ou£h L . E . : 0 .1 6il5 

NACA 
~tations and ordina t es given in 

percent of airfoil chor~ 

Uppe r Surface Lower Surf ace 

S71 d 

Station Ordinate Station Ordinate 

0 0 0 0 
.382 1.449 .618 -1 . 349 
.61 b 1 . 77ti .88~ -1 . 638 

1.09 2 ·319 1. ~O -2. 105 
2 · 312 ~ . 2C!5 2. 81 -2 . 913 
4 . 7~1> . 67~ 5.201, -4 · 041 
7 .2 8 5.72 7 ·712 -4.880 
~ 'A88 6 .~81 10 .212 -~. 547 

. 01 J : 8G~ 15.19A - ·549 
1& .822 20 .17 -7 .250 
2 .8g0 § : ~8tt 25. 1~0 -~ . 704 
2& .8 0 30.1 0 - · 940 
3 ·911 10 .030 G5.089 -7 · 970 

~J~~ 9 . ~16 0'0~7 :7J~¥ 9 · 77 45 .0 
50 .000 8.045 50 .000 -6 .839 
55.023 .351 54 ·977 - 6.161 
60 .0112 7 ·526 5

G 
.948 -4.384 

65 ·055 6·597 6 ·9 g - · 537 
70 .062 4:5~ t 93 - 3. 650 
J5 .064 7 .9tf -2 ' J54 

0 .0(.9 3.4 Jt~51 -1 . 94 
85 .OI

G 
2.1+59 -1.113 

90 .03 1 · 501 8
G 

·966 -. 467 
95"·016 .664 9 .984 -. 032 

100 . 000 0 100.000 0 

L . E. radius : 2.120 
Slope of radius througti L . E.: 0. 0842 

NACA 
~tations and ordinates given in 

pe r cent of airfoil chord] 

Upper Surface Lower Surface 

Stat i on Ordina t e Station Ordinate 

0 0 0 0 
.156 1.511 .844 -1.211 
. 361 1.878 1.139 -1 ' ~G8 
.797 2.~91 1·703 -1. '9 

1 .91>5 3 . 16 3·035 -2 ·500 

~ :gM t· 268 5· 607 -3. 372 
.542 d .132 =~ : 4§g ~ ' e67 7 ·586 10 .633 

1 . Oli 9. 21
A 

15·596 - 5·181 
1&.469 10./'1 20 ' 431 -5 ·642 
2 . 549 11.273 25 · 51 - 5· 903 
2[ . 6110 11.ti22 30 .360 - 5·990 
3 ' ' J34 12 . 086 ~5 . 266 -5 ·906 
?C . 29 12 .056 0 . 1~1 - 5· 630 

·919 11.~67 43 .0 1 :t~~~ 0.000 l1'r 5 . 000 
l5 .069 10 ' l 1 5L. · 931 -3.9l1 
0.125 9 · 7 59 ·875 - 3.2 1 

65·164 ti . 65
C 

6L. .836 -2 .475 
70 .187 I·53 64.813 -1.702 
J5 .191 ·330 7 .809 -· 960 
0.ll8 5·073 JG ·

822 - .29J 
85 ·1 7 3·dOO . 853 .23 
90 .103 2 · 531 8

G
·ti97 · 571 

95 .048 1.293 9 ·952 . t03 
100.000 0 100.000 0 

L . E. radius : 2 .120 
Slope of radius throuch I. .E. : 0.2527 

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS 



S7 1e 

[Stations and ordinates given in 
percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.5 1. 583 · 5 -1. 5113 
.75 1.937 ·75 -1. 937 

1. 25 2.527 1.25 -2·527 
2 ·5 3.5F 2·5 - 3.5F 
5·0 5·0 5 5.0 -5·0 5 
7·5 6 .182 7·5 -6.182 

10 ~ . 080 10 -~ . 080 

~6 ·h41 ~6 - . ~41 9 . 10 -9.410 
25 10 .053 25 -10 .053 
30 10.412 30 -10 .412 

'6 
10 ·500 

'6 
-10 ·500 

10 .298 -10 .298 
45 9.85~ 45 -9 . 85~ 
50 ~ . 20 50 -~ . 20 

t6 : a4~ n - ·e9O 
-7· 41 

~3 L~96 
*3 

- 6 . ~96 
~ . 90 -~ . 90 

75 .160 75 - .160 
80 3.054 80 - 3.054 
85 2.021 85 -2.021 
90 1.113 90 -1.113 
95 . 392 95 -. 392 

100 0 100 0 

L. E. radius : 2.650 

NACA 
~tations and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Stat i on Ordina te Station Ordina te 

0 0 0 0 
.237 1.661 . 76~ -1.461 
.452 2.054 1.04 -1. 7~4 
·902 2·7J-7 1 .598 -2.2 9 

2 .086 3.925 2·tl4- -e ·181 
4.527 5· 675 5· 73 - .411 
7. 00l ~ . 01O 7·49t -5· 314 
~ . 50 .097 10 . 9 -6 .029 

1 .535 9.774 15 ·465 -7.092 
ll ·t85 1O . ~93 20 .415 -~ . 809 
2 . 49 11 . 37 25. 3A

l - .2 57 
24.719 12·352 30 .2 1 -8 . 46~ 
3 . ~93 12 ·

G58 e5.207 -8 .4.3 
G~ ' 67 12 . U 0.133 -8 . 15~ 

·937 12.0 45 .063 -7·66 
50 .000 11.412 50 .000 -7 .000 
55 .05t 10·580 54 ·946 -6 .200 
60 .09 ~ . ~82 54 · ~04 - ~ .298 
65 ·126 . 55 6 . 74 - . 3~ 70 .143 7.2,2 64.857 -3· 3 
J5 .145 , .9 7 7 .855 -2.~ 7 0.135 . 6~, ~4 · 865 -1. 59 
85 .111 3·3 .889 - . 72 
90 .078 2 .144 84.922 -. 076 
95 . 037 1 .022 9 .963 .242 

100 .000 0 100.000 0 

L. E. radius : 2 . 650 
Slope of radiuB through L. E.: 0.1685 

NACA ACR No. L5C 0 5 

NACA 63 4 -221 
~tations and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station 

0 0 0 
.367 1.627 .6 )3 
.600 2.001 '400 

1.075 2.628 1. ~ 2 .292 3·757 2 .70 
4.71>3 g.g75 5.2

G
7 

7.253 . 01 7·7 7 
~ .7 53 7 ·593 10 .247 

i : ~?~ g.llt 16j6~ 1 .20 
24 .824 10 . 9~6 25 .176 
24.860 11.3 3 30.140 
3 .897 1l·529 e) ·103 

Gl : ~~~ 11 . 369 0.066 
10 ·949 45·031 

50.000 10 ·e09 50 .000 
l5 .02

A 8' 85 54 .973 o.Ot T2 
54. 952 

63. 0 3 ~ . 26 6 .9~~ 7 .071 . 62 t 9 
75 ·073 5·054 7 .927 
80.06l 3.849 ~4:~~e 85 · 05 2. 693 
90.03§ 1 .62§ 84.9 1 
95 ·01 ·70 9 .982 

100 .000 0 100 .000 

L. E. radius: 2 .650 
Slope of r·adius through L. E. : 

NATIONAL ADVISORY 
COMMITTEE FOR AEROUUTICS 

Ordlnate 

0 
-1. ~27 
-1. 61 
-2 .414 -e· 385 - .743 
-5·753 
-6. 559 

=~ : U~ 
-9· 156 
-9 · t~9 -9· 9 
-~ . 227 
- · 759 
-8 . 103 
-l"295 
- · 370 
=4: ~rg 
-3.264 
-2.2~7 
- 1. 3 7 
- . 595 
-.076 
0 

0.0842 



NACA ACR No. L5C05 

NACA 64-006 
[Stations and ordinates given in 

percent of airfoil chor4J 

Upper Sur1'ace Lower Sur1'ace 

Station Ordinate Station Ordinate 

0 0 0 0 

'10 :~~~ '10 ::~~~ . 5 • 5 
1.25 .754 1.25 -.754 
2·5 1.024 2·5 -1.02.4 
5·0 1.t05 5.0 -1·t05 
7·5 1. 92 7·5 -1. 92 

10 1.928 10 -1.928 
15 2.298 15 -2.298 
20 2·572 20 -2·572 
25 2.772 25 -2·772 
;0 2·907 ;0 -2·907 

E6 2.981 

fr~ 
-2.981 

2. 91§ :~:~i§ 45 2.9 
50 2·775 50 -2·775 
~6 2·575 ~6 -2·575 

2.~~1 -2.~~1 
65 2.0~0 65 -2.0~0 
70 1.7 0 70 -10K 0 
A6 1.412 A6 -1. 12 

1·072 -1·072 
85 'lJ7 85 -'7J.7 90 . ; 90 -. , 
95 .157 95 -.157 

100 0 100 0 

L.B. radius: 0.256 

NACA 64-108 
rntations and ordinates given in 

percent 01' airfoil chord] 

Upper Surrace Lower Sur1'ace 

Station Ordinate Station Ordinate 

0 0 0 0 
.412 .6~ '128 -.6~ 
.7 9 .82 . 81 -·7 

1.215 1.058 1.285 -·950 
2.460 1.457 2·540 -1.271 
4'456 2.0~2 5·044 -1.716 
7· 55 2.~71 7·545 -2·<>4l 
~:§5g 2. ,32 10.045 -2.,31 

~.~05 15.042 -2·73; ~.962 ,. 35 20.038 -~.03~ 
.968 .152 25·032 -~.25 

~:~~ 4.,70 ~0.026 -3.,~8 
4. ~ ,5. 020 -;. t 

~.9~7 4'4 O.Olt -~.45 
.994 4. 31 45.00 -3·335 

50.000 4·2~6 50.000 -;.1;2 
~5.005 ~'l51 54·995 -2.86; 
0.010 ,. 1 ~.990 -2.~5 

65.013 3.211 ·9EJ7 -2.1 9 
70•01t 2·77 6~.9~ -1.80t A5.01 2.g02 7 ·9 -1.40 

0:015 1. 02 $4.985 -1.006 
85. 013 1.29~ ·987 -. 625 
90.010 .80 84.990 -'fZ2 95. 005 .;64 9 ·995 -. 8 

100.000 0 100.000 0 

L.E. radius: 0.455 
Slop. or radius through L~B.I 0.042 

NACA 64-009 
[stations and ordinates given in 

percent of airfoil cho~ 

Upper Surface Lower Surraoe 

Station Ordinate Station Ordinate 

0 0 0 0 

'10 .~~9 '10 -.~~9 
• 5 . 92 • 5 -. 92 

1.25 1.128 1.25 -1.128 
2·5 1.5~~ 2·5 -1·5~3 
5·0 2.109 5·0 -2.109 
7.5 ~:~~ 7·5 -2'ai~ 10 10 -2. 9 

15 ~:~a 15 :~:M~ 20 
t170 

20 
-t170 25 25 

~O tt:41§ ~o -4.,p 

'6 
,6 -4. 9 

4.4~ -4.4~0 
45 4.~ 45 -4.~ t 
50 4.1~ 50 -4.1~ 

6~ ~.B26 6~ -~.826 
3.452 -~.452 

65 ~.026 65 -~.026 

I~ 
2.~1 

J~ 
-2.~1 

2.b6~ -2.0K 
1.~6 -1.~ 

85 1. 69 85 -1. 
90 .611 90 -.611 
95 .227 95 -.227 

100 0 100 0 

L.B. radius: 0.579 

NACA 64-110 
[Stations and ordinates given in 

percent of airfoil chord] 

Upper Surraoe Lower Surface 

Station prdinate Station Ordinate 

0 0 0 0 
.465 .~ :~g -.~~ ·712 1.02~ 

tEOl 1'10; 1.293 -i: 95 

~:~ 
1. 93 2·550 -1.6~ 
2·500 1.055 -2.1 
;.0~7 .551 -2.61; 

t4. 9 ~.47~ 10.05 -2.96~ 
.947 .17 15.~3 -3·50 

~.9~3 4'lOO 20.~ ~'i~ ·9 9 5· 87 25· • 91 
~.967 5.,50 30.03; -4 'fr1

8 
.9,£ 5· ~ 4~:gf~ -4. ~ 

~.9 5·5 -4. 5 
·992 5'~n 45.008 -4.2~' 50.000 4.1 8 50.000 -4.0 

65•007 ·7 54.9M -3 .6?£. 0.012 4.~6 64.9 -~.2 
65·016 ~. ' 0 .911+ -2.~0 70.019 3·~1~ 64.981 -2. 1 
~5.020 2.729 7 .980 -1. ~ O.Oll 2.120 ~.981 -l·at 85. 01 1.512 .9~ -. 0 
90.012 :4~~ 84.9 -.41~ 
95. 006 9 .994 -.090 

100.000 0 100.000 0 

L.B. radiua: 0·720 
Slope of radius through L.B.: O.~ 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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S71g 

NACA 64-206 
[Stations and ordinates given in 

percent or airroil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 a 

:~3~ :~~ :1~~ -.~~ 
~:G40 .8~ 1.302 :: 4~ 

1.2 2·560 -.~ 
4'l34 1.719 5·066 -1. 7 
7. 32 2·m 7.568 -1.267 

J.933 2. 10.067 -1.t1O 
.947 2. 9lo 15.06~ -1. 24 

~.9 3 3· g67 20 . 0, -l.~p .9g
2 3· 7 25 · 0 -1. 7 

2
4

.9 1 4. 879 ,0.039 -1. 935 
3 .9~1 .011 ~5.029 -1. 951 44.9 1 4.066 0.019 -1.~24 

.991 4.0~ 45 . 009 -1. 24 
50. 000 3.87 50.000 -1.6~2 
~5.008 3.6'b0 54.9$2 -1.4 a 
0.015 3.42 g4·9 5 -1.260 

65. 020 ,.080 ·980 -1.020 
70.023 2.712 64.977 -.768 
~5.0~ ~J21 7 .97g -. 51l 0.0 ~ :§~O -.2l 
85.020 1.410 -.0 ~ 
90 .015 'l40 8l· 985 .094 
95 .007 . 73 9 ·993 .159 

100.000 0 100.000 0 

L.B. radius: 0.256 
Slope of radius through L.B.: 0.084 

NACA 64-209 
[Stations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 a 0 

: ~~~ ·786 'A62 -. 686 
·959 • 20 -.819 

1.172 1.232 1.328 -1.018 
f·411 1.716 2·589 -loW! · 901 2.42; 5·099 -1. 9 
7'$98 2.,6 5 7.602 -2.117 
J' 99 R' 13 10.101 -2.3~9 

·905 .127 15.0~5 -2.7 1 
~.915 4. 664 20.0 5 -3'~G · 927 5.06 25. 073 -3.2 
24.941 5·345 

3
0

•
0
" 

-3.401 
3 ·956 5·509 R5•O -3·449 
~. 9~1 5·G

61 O.O~ -3.419 
.9 6 5· 59 45.0 -3.269 

50.000 ~.239 50•000 -3·033 
~5 .012 · 921 54.988 -2.7~1 

0. 022 ~.522 ~,.978 -2.3 1 
65. 030 4.05 .9lo -1.~6 
70.03~ 3.53, 64.9 , :i:ll~ ~5.03 2·96 7 ·96 

0.035 2.360 14.965 -·7 
85. 030 1.742 ·970 -.396 
90.021 1.~8 8~.9iP -:g$~ 95 · 011 . 3 9 ·9 9 

100.000 0 100.000 a 

L.B. radius: 0·579 
0.084 Slope or radius through L.X': .: 

NACA ACR No. L5C05 

NACA 64-208 
~tations and ordinates given in 

percent of airroil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

a a 0 0 

:~~ '106 . ~55 -. 606 
• 62 • 12 -.~22 

1.180 1.110 1.320 -. 96 
2.421 1.~9 2.5~~ -1.177 
4'412 2.1 9 5·0 -1. ~57 
7. 10 2.681 7·590 -1. 33 
J.909 3.089 10.0~1 -2 .055 
.9~ ,.741 15·0 ~ -2"45 

.232 2o .0l -2.b a 
~4:§~A 4.~98 25·0 5 -2.808 
~.9 4. 56 30.052 -2·912 

.9 1 5·009 ~5 .032 -2.949 

44:§1~ ,:~6~ 0.02b -2·921 
45.012 -2. 788 

50.000 4 . 7~7 50 .000 -2. sBl 
~5.011 4. 506 54.989 -2.316 
0.020 4 .152 )4. 980 -2.010 

65.027 3.7g3 b .9p -1.673 
70.031 3.2 3 6,.9 $ -1.319 
15•032 2.749 7 · 96 -. 25~ 

0.031 2.200 79. 969 -. bo 
85.027 1.634 84. 9~3 -. 288 
90•019 1.067 8, . 9 1 -.033 
95.·010 . 522 9 · 990 .110 

100.000 0 100.000 0 

L.E. radius: 0.455 
Slope or radius through L.E.: 0.084 

NACA 64-210 
[Stations and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lower SurfaCe 

Station Ordinate Station Ordinate 

a 0 a 0 
·t;l .8~ . ~69 -.767 .p 1.0 . 27 -. 916 

1.1 3 i:~~ 1.337 -1. 140 
2.~01 2.599 -1.612 
4.~0 2.~ 5·110 -2. 24 
7· 7 ;. 8 7.61; -2.400 
J' 7 ~.7;6 10.113 -2.702 

.894 .514 15.10b -3.168 
1
4

•905 5.097 20.~5 -3·505 
2 . 9~ 5.~3g 25. 1 -;.~4; 
2, . 9 5. ; ;0.066 -;. 92 
3 .9g1 b.Ol0 ,5. 049 -;· 950 44. 9 8 6 .05~ 0.0;2 -;.911 

.985 5.~ 45.015 -3 .7~ 50.000 5· 9 50.000 -;.4 3 
55.014 , ' $33 54.987 -3.143 
60.025 • 91 ~ .9p -2 .749 
65.03~ 4.375 ·9 7 -2.~15 
70.0~ 3.79l 64.962 -1. ~ 
~5.0 0 ; .17 7 . 960 -1.; 

0.0;8 2.~18 1l ·962 -.926 
85.0~ i:l~~ .968 -·503 
90.0 

~4:~~~ -.1~ 
95·012 .564 . 0 

100.000 a 100.000 0 

L.E. radius: 0.720 
Slope of radius through L. E. : 0.084 

NATIONAL ADVISORY 

COMMITTEE FOA AERONAUTICS 



NACA ACR No. L5C05 

NACA 64,-012 
LStations and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lo\Yer Surface 

Station Or dinate Station Or dinate 

0 0 0 0 
·5 ·978 · 5 -· 978 
·75 1.179 ·75 -1.179 

1.25 1.490 1.25 -1.490 
2·5 2.035 2·5 -2.035 
1. 0 2. 810 1. 0 -2.810 

·5 3.~94 . 5 -3.~4 10 G' 71 10 -G' 1 15 . 620 15 - . 620 
20 5 .17~ 20 - 5 .17~ 
25 5 .~ 25 -5.~ ,0 

t~~ 
,0 

:t~Al ~6 ~6 
45 5.7~8 45 -5 .7~8 
50 5.4 0 50 -5.4 0 

~6 4:~~ ~6 t~6 -. 8 
6
6 3. 9~~ ~6 :S: i~~ 

~6 
3·, 
2. 695 

$6 
-2. 95 

2.029 -2 .029 
85 1.382 85 -1.382 
90 .786 90 -.786 
95 .288 95 -.288 

100 0 100 0 
L.R. radius: 1.<:40 

[Stations and ordinates given in 
- percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station ordinate 

a 0 0 0 
.~8 1.025 :~ -'i25 
.~9 1.245 -1. 05 

1. 7 1.59§ 1.35~ -1.~9 
2.~2 2.21 2.61 -1. 6 
4. 8 3·123 5·132 -2.491 

7·ti
4 G· 815 7.636 -2.9b7 

J: 6~ .386 10.13~ -3.342 
5.291 1

6
.12 

~. 6 ~'~b8 2 .114 :4:~~t 
·903 . 70 25. 097 -4.b 0 

~.921 6. M 30.079 -4.841 
.9tl 7·0 45.059 -4. 9 8 

~.9 1 t· 052 0.03~ -4. 910 
.982 .8~3 45·01 -4.703 

50.000 6.5 3 50 .000 -4.3F 
~5.016 6.151 54·984 -3 '4 1 0.029 5. 61Z ~4: ~li -3· 77 
65.~9 ~.OO -2.9% 
70. 5 .322 6

4
•955 -2.~7 

~6:~f 3.~90 7 ·953 -1. 00 

85.03§ 
2. 2a ~.9~5 -1.2M 
2 .• 05 .9 2 -·7 

90.027 1. 30, 8Z·9.M -.26~ 
95·013 .bO 9 ·9 .02 

100.000 a 100.000 0 

L.B. radius: 1.<:40 
S~ope of radius through L.E. : 0.084 

NACA 64, -1 12 
[stati ons and ordinates given in 

percent of a i rfoil chord] 

Uppe r Surface Lower Surface 

St ation Ordinate Station Ordinate 

0 0 0 0 
. 45~ 1.002 .~1 -'142 
·70 1.213 . 96 -1. 3 tm ~:~1 1. 302 -1.445 

2. 5t9 -1.9 1 
4'434 2·t67 5. 0 b -2.bgl 
7. 32 tJ~ 7. 568 -3.1 1 

J..932 10.068 -4.612 
.946 4:§1t 

15 . 064 - .284 
~.9 3 toZ4 20 . ga~ :~:iH .9t1 25· 
2
4

•9 1 6.330 30. 039 -5'4~8 
3 .9$1 6.493 45•029 -5 · 3 Gl.9 1 6.51l 0.019 -5.445 

·991 6.34 45.009 -,.250 
50.000 6.032 50. 000 - .928 
~5 . 008 5. 604 54 .9~2 -4.508 
0.015 ~.084 ~,.9 5 -4.012 

65.020 3:~t .980 -3·~Z 
70.0~ t 9:n -2. 

3· 3 ~t97 -2'~I $6:822 2. ~ . 9~8 -1.6, 
85.0it. 1.71 .9 1 -1.0 6 
90. 0 1.~ 8,.986 -.528 
95.007 .44 9 ·993 -.130 

100.000 0 100.000 0 
L.R . radius : 1.040 
Sl ope of r adius through L.E. : 0.042 

lStations and ordinates given in 
percent of ai r foil chord] 

Upper Surface Lower Surface 

Stat i on Ordinate Station Ordinate 

0 0 0 0 
.338 1.064 .662 -.864 
.5b9 1.305 '431 -1.025 

~ :~~ 1.690 1. 5~ -1.262 
2', 93 2.7~ -1.6t9 

4.73 , . 30 5.2 2 -2.1 b 
7. 229 .231 7·771 -2.~3~ 
, .7,0 4.896 10.270 -2. 2 

1 .7 5 ~ . 9~9 15.25g -3.26l 
~. ~72 .7 0 20 .22 - 3'm . 05 7.36~ 25.19g -3· 

~Z:~ ~ . 78 30•15 -3· 9~ 
.037 r· ll8 -3 ·917 

~:§t~ 8.1M O'OH :~:~6$ 7·9 5·0 
50.000 7.686 50.000 -3 . ~~ r·032 1.246 54.968 -2. 
0.019 .6S0 64J~~ -2.~06 5·0 6.0 3 -1. 13 

70.090 a:2~~ 6
4

•910 -1. 05 

~:~~ 3.~19 7 .906 - '4°3 
~ . 911 -. 3~ 85.07b 2.~22 
8 :~~ -. 03. 

90.055 1. 18 .~o 
95 .027 · 919 94. 973 • 5 

100. 000 ° 100.000 0 

L.B. radius: 1.040 
Sl ope of r adius through L.E.: 0.168 

S7 1h 

NATIONAL ADVISORY 
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872 

NACA 642-015 
[Stations and ordinatds given 1n 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
·50 1.208 ·50 -1.208 
.p 1.~ .~5 -1.11-46 

1. 5 1. 1. 5 -1. 2 
2· 5 2. 528 2· 5 -2. 528 
5· 0 4· ~04 5·0 -4. 504 
7·5 • 40 7· 5 - ;240 

10 4 . 8~2 10 -4.8~ 
15 ~:486 15 :t:~6 20 20 
25 6.985 25 -6.985 
30 7.,19 30 -7',19 

a6 
7. 82 

46 
-7. 82 

7.4~ -7.4~ 
45 ~.2 45 -~.2 
50 .810 50 - .810 

n 6.266 t6 -6.266 
,.620 -,.620 

65 .895 65 - .895 
70 4 .11; 70 -4. 11t A6 3.296 A6 - 3·29 

2·t72 -2.~72 
85 1.77 85 -1. 77 
90 .~o 90 -.~O 
95 . 6 95 -. 6 

100 0 100 0 

L.E. radius: 1 · 590 

NACA 642-415 
~tations and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate St ation Ordinate 

0 0 0 0 
.299 1.291 ·701 -1. 091 
.526 1.57~ . 974 -1.299 
. 996 2.gg 1.504 -1. 610 

2.207 2. 3 2·793 -2 .139 
4.6p 4 .121 5·A

2
A 

-2.857 
7.1 2 5.0Z, 7· 3 -3·379 
~.662 5.8 10.338 

-aT
6 

.681 A·l22 15. 31* - . AO 
~:7~ .066 20.28 -4. 2 

8 . 7~1 25.244 - 5·191 
24·A03 9.2 0 3

0·it7 - 5'f2 
3 .86R 9.~1 - 5. 21 t4.9 9 · i4 46:04l -5· 330 

·954 9.4i:t 45 .0 6 -, . 034-
50 . 000 ~.01 50 .000 - .6Ot t5.04O .4t6 54 ·960 -4 .07 
0 .072 ~ . 7 2 t,·928 -3 . ~78 

65 .096 ·954 . ~04 -2. 34 
70 .111 6 : ~4 6, . 89 -2.167 
A5.115 7 .885 -1.~~ 0.109 "062 A,·891 -. 7 
85 .092 3·020 ·908 - .328 
90 .066 1. 982 ~, : ~2~ .086 
95·032 .976 .288 

100 .000 a 100 .000 0 

L.E. r adius: 1. 590 
Slope of radius through L.E.: 0.168 

NACA ACR No . L5C05 

NACA 
~tatlons and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

a a a a 
·399 1.254 .601 -1.1~ 
. {, 37 1.522 .86

A -1.3 2 
1.122 1. 545 1.3~ -1·731 
2·353 2·

A
l0 2 .{, 7 -2.3~8 

4 .83{, a. 16 5·1 4 -3·1 4 
7 .~31 .661 7.669 -a·813 

~:84~ 5'a56 10.169 - ·322 
6. 56 15·160 - 5·110 

14·85
A 

7 .274 20.143 -t·682 
2 .87 A·879 25·122 - .089 
~. 901 .290 30.09~ -6.~6 

. 926 8 .512 45•07 -6. 52 t4. 952 8 ·544 0.04 -6·402 
·977 8.319 45.023 -6.129 

50.000 7· 913 50.000 -5·707 t5.02O ~'261 54.980 -,.1]1 
O.O~ • 91 54.964 - ~9 65.0 5·925 6 .9,2 -3· 5 
70.0~ 4. 085 t 95 -3.141 
A5•O .191 7 .942 -2·t01 
O·~t 3.267 A4: ~44 -1. 75 

85. 2 .~~9 8"9t] 
-1.003 

90.032 1. 6 -.432 
95 ·01 . 62 9 .984 -.030 

100.000 a 100.000 0 

L.E. radius: 1.590 
Slope of radius through L.E . : 0.084 

NATIONAL ADV ISORY 

COMMITTEE FOIl A£RONAUTICS 



NACA ACR No. L5C05 

NACA 643 -018 
[Stations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
·50 1.428 ·50 -1.428 
·75 1. 720 ·75 -1. 720 

1.25 2.17/ 1.25 -2.177 
2·5 ~.O 5 2·5 :e.. 005 
5·0 .186 5·0 .186 
7·5 5.076 7·5 -5·076 

10 ~ .80; 10 -t· 8O; 15 .9~2 15 - . 9~2 20 ~.7 2 20 j.7 2 
25 .;~1 25 .;~1 ;0 8.7 9 ;0 -8.7 9 

a6 
8.979 

,6 
-8.979 

8.952 -8.952 
45 8.1>30 45 -8.1>30 
50 8.114 50 -8.114 

~6 t~$ t6 :t~ 
65 ,:A 2 65 :,J 2 70 ;.8~ 70 -;.8~ 
A6 2.888 A6 -2.888 
85 1.951 85 -1. 951 
90 1.101 90 -1.101 
95 .400 95 -.400 

100 0 100 0 

L.E. radius: 2.208 

NACA 643-418 
~tations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.263 1.$08 ·737 -1.308 
.4815 1. 40 1.014 -1. 560 
·950 2·;70 1.$40 -1.942 

2.152 G·~57 2. 8 -2.151g 4.609 • 00 5·391 -a· 53 
7.095 ~:s~ 7'405 - .212 
~.~95 10. 05 -4.7$5 . 17 8.2~~ 15.;8; -~.5 5 
~.657 9·; 20·34; - .182 

·707 10.176 25.29; -6'g~ 
~'A63 10·7;0 30.237 -6. 

• 2; 11.0;7 ,5. 177 -6.~17 
GK·88 5 11.093 0.115 -6. 09 

·945 10.820 45 ·055 -6.440 
50.000 10·320 50.000 -5·908 
63:~l $.6;5 54.9~ -,.255 

(~'i 64:a§ - ·515 
65.114 -3'J21 70.1;1 'Z 4 64.869 -2. 96 
A5•135 a· 54 7 .865 -2.074 
0.1~ .47l A4· 873 -1.293 

85·1 ~.29 .892 -.602 
90.077 .1;2 8

4
.923 -.064 

95·0;7 1.0;0 9 ·96; .234-
100.000 0 100.000 0 

L.E. radius: 2.208 
Slope of radius through L.E.: 0.168 

NACA 643 -218 
[Stations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

S72a 

Station Ordinate Station Ordinate 

0 0 0 0 

't8O 1.4J; .620 -1·t7; 
· 17 1.7 5 .88; -1. t5 

1.099 2.2~9 1.t01 -2.0~ 
2.~2' a.1 I> 2. 76 -2.8 
4. 0 ·tt9l 5·19 :,:86~ 7·297 5· 9 7·703 -6·~2 

rZ:J6J 
l>'g16 10.203 

A:5r 
15·192 - .266 

~.828 20.172 -6.~84 
.8g3 9·2 5 25.147 -7· 96 ~.8 1 9.760 30.11S -7. 1 
.912 10.009 a5.08 -7.~9 

~.942 10.023 0.058 -7. 1 
·972 9.725 45.028 -7 ·535 

50.000 ~.217 50.000 -7·011 65.O?4 ff~ t 976 -6.~0 o.Cit; 4. 947 
-,' 7 65.0~7 ·9 ; - 'J52 

70.0 ~ ,.814 64.9;5 :~:9tg A5. 06 'l60 7 ·9;2 
0.064 3. 8; ~t§~~ -2.091 

85'05lt 2.62; -1.2~7 
9.0.0 1.61~ 8

4
.9 2 -·5 a 

95·019 .71 9 .981 -.08 
100.000 0 100.000 0 

L.E. radius: 2.208 
Slope of radius through L.E.: 0.084 

NACA 64 3 -618 
~tations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.150 i:$~ .~O -1.2;4 

'659 1. 1 -1.~155 
• 05 2.452 1.69$ -1. 10 

1.~82 ;·518 ;.01 -2.402 t. 17 6. 093 ~.5B; -3.1lJ 
• 95 ·312 .105 -a·7 

~:~5 ~.;22 10.605 - .220 
·937 15. 5lG -4.899 ~.48~ 10.lt; 20.~ -5·;77 

'g60 11.0 g 25. 0 -5.1>9g 2~. 45 11.69 30.3t5 -5.86 
; .~5 12.015 5 ,5.2 5 -5.881 ~. 7 12.16; 0'M3 -5.7, 

·917 11.~5 45· ; :a:~o§ 50.000 11. 3 50.000 
g5. 071 10·

A
3O 54'S29 -4.160 

0.129 S' 70 ~. 71 -3·m 65.171 .870 .82
4 

-2. 90 
70.196 1 JEt 64.80 -1.922 
p.203 7 .~97 -1.174 
0.lb1 5.2~0 A4' 09 -.414 

85.1 1 ;·9 ; .8~9 .0 t 
90•11g 2.646 8

4
·8e4 .45 

95.05 1.344 9 ·9 · 552 
100.000 0 100.000 0 

L.E. radius: 2.208 
Slope of radius through L.E.: 0.25; 

NATIONAL ADVISORY 
COMMITTEE FOIl AERONAUTICS 

J 



S72b 

NACA 644 -021 
~tations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
. 50 1.6~6 · 50 -1. 6~6 
·75 1. 9 5 ·75 -1. 9 5 

1.25 2' r 7 1.25 -2 '417 
2· 5 , . 85 2 · 5 -,. 85 
5·0 . 71 5· 0 - .871 
7· 5 g.915 7· 5 -g.915 10 .76

A 
10 - . 7~ 

15 8.10 15 -8. 1 
20 9·095 20 -9·095 
25 9.807 25 -9.807 
30 10 .269 30 -10 .269 

46 10.481 46 -10 .481 
10.431 -10.431 

45 10.030 45 -10.030 
50 ~ :tg4 50 :~ : tg4 
~6 7 . 67~ ~6 -1·67~ 
65 6. 649 65 - . 649 
70 4 : 4~t 70 :4 : 41~ ~6 3.287 ~6 -3. 287 
85 2.213 85 -2.213 
90 1.245 90 -1. 245 
95 .449 95 - .449 

100 0 100 0 

L.E. radius: 2.884 

NACA 644 -421 
~tations and ordinates given i n 

percen t of airfoil chord] 

Uppe r Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.227 1. 723 ·773 -1. ~2; 
.445 2.101 1.055 -1. 21 
.903 2 . ~07 1. 597 -2.279 

2 . ~5 3· ~4 2'404 -, .090 
4. ~ g.4 2 5· 55 - .218 
7·02 . 7~ 7 '472 - 5.048 
~ . 528 7·7 10·tl2 -g.718 

· 55; 9 .~2 15 · 7 - ·750 
~ . 599 10. 78 20 .401 -~ .494 .657 11· 591 25 · ;4; - .011 
2
4

.72, 12.209 30.27l -8 ' l21, 
3 ' lJ, 12·539 45.20 -8 . 1~ 

G4:9;~ 12· 572 0.13a -8.28 
12.220 45 ·05 -7.840 

50 .000 11. 610 50 . 000 -7.198 
~5.055 10 . ~97 54 . 945 -6.417 
0.099 

$:768 ~ ' $Ol :4Jg~ 65 ·1;1 . 69 
70.150 Z·491 64 · 8~0 -3.50; 

~6 :m . 203 7 .8 6 -2.623 
4·875 ~t~1~ -1.692 

85 .122 3. 556 -. 8~ 90 .087 2.276 8~ . 9M - .2 
95. 042 1.079 9 ·9 .185 

100. 000 0 100 .000 0 

L.E. radius : 2.884 
Slope of radius through L.E.: 0.168 

NACA ACR No . L5C05 

NACA 644 -221 
[Stations and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Or dinate Station ordinate 

0 0 0 0 
.;62 1. 6~0 .6;8 -1. 590 
. 596 2.0 A . ~04 -1.~0~ 1.075 2.61 1. 25 -2. 0 

2.297 ; .665 2.70~ -, .29; 
4 .772 5.182 5. 22 

:fa~~ 7.264 6 . ;~ 7p6 
4'76; ~.2 2 10 . ;7 - .248 

1 .776 9 : ~~~ 15.224 j.4;2 
1~.~99 20 .201 .297 
2 . 29 10 .701 25 ·171 -8.911 
2~ .861 11.240 30 .1;9 -9.296 
; .897 11 · 510 a5.1O; -9 .4~0 
G4:§~g 11'·502 0.067 j'; 0 11.125 45 .032 ·9;5 
50.000 10·507 50. 000 -8 . ;01 
~5 . 027 ~ . 702 54 ·97; -Z · ~12 
o . o~o ' Z49 g4· 95O - . 07 

65 .0 5 l' 79 ·9;5 -a ·619 
70.075 · 521 6~.925 - ·577 
~5 . 077 a·;10 7 .92; -3.,20 

o . op .082 -g .927 -2. 90 
85 .0 1 2.885 ·9;9 -1. 5;9 
90.044 1. 761 8

4 
·95[, -·727 

9'5 ·021 .765 9 ·979 -.1;; 
100 .000 0 100.000 0 

L.E . radius : 2.884 
Slope of radius through L.E .: 0. 084 

I 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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NACA ACR No. L5C05 

NACA 65,3 - 018 
~tations and ordinates given in 

percent of airfoil chor4] 

Upper Suri'ace Lower Suri'ace 

Station Ordinate Station Ordinate 

0 0 0 0 

:15 
1.324 

:15 -1.3~ 1.5~ -1.59 
1.25 2.0 1.25 -2.00 
2·5 2'12 2.5 -2.~2 
5·0 g. 31 5.0 -R' 31 
7·5 ·701 7·5 - ''401 

10 6:~ 10 j:~~ 15 15 
20 ~. 34 20 

lo~ 25 .O~ ~6 30 8.~ -8J68 
4~ 

8. 68 4~ 8.990 -8.990 
45 8.916 45 -8.916 
50 8'343 50 -8.~3 
g6 8. 5 ~6 -8. 5 

l·~17 :~:~lb 65 .~ 65 
70 ,.4 70 ~.4~ 
$6 

.456 
$6 

.456 
3·390 -3·390 

85 2.3~ 85 -2.3~ 
90 1.4 90 -1.4 95 • 92 95 -. 92 

100 0 100 0 

L .K. radius: 1·92 

NACA 65,3- 618 
[Stations and ordinates given in 

peroent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 

X~ .116 1.4~ .824 
.~7 1.7"67 1.U3 -1. 7 
• 1 2.283 1.659 -1. 41 

2:0tb R· 245 2.970 -2.129 

~:~46 .742 ~.5g3 -2.84"6 
6·9~Q .0 0 -3'(l6 

4:4~ ·9 5 10·566 -3· 3 

~:~O~ 16'r?§2 :~:6~6 
M:~n 

2. 1 
10.767 25.4Et -5.3f 

~:~~ lL~~ l~:~2 -~.6 ~ 11. - ·7 
e4' 6 

12.201 0.114 -5·P5 
.915 12.201 45.0 5 -5. 31 

50.000 11.902 50.000 -a·2~ 
65·n7 11.330 54J~~ - .760 
o. 2 10·529 ~.80~ -4.103 

65.191 
sJ§1 -"'6l 70.222 64.71 -2'1 

15•
2M 7·135 7 ·7 l -1. 65 

0.2 a· 771 
7/{1

7 -.99~ 
85·192 'M6 • 08 -.29 
90•1g8 2. 8 84.862 .2tt 
95.0 8 1.435 9 ·9,2 .4 1 

100.000 0 100.000 0 

L.B. radius: 1.92 
Slope of radius through L.F.: 0.25, 

873 

NACA 65J 3 -418 
a~0.8 

[StatIons and ordinates given in 
percent of airfoil chord] 

Upper Suri'aoe Lower Surfaoe 

Station Ordinate Station Ordinate 

0 0 0 0 
.~8 1.416 ·752 -1.184 
.4 7 1.7,6 1.033 -1.412 
'i,l 2.~ 1.~9 :~:~ 2. 31 3·13 2. 9 

~:m ~:~!fz 1'~ t:193 ~. .617 lOJl 8.149 }6' :~:~~ ~j~ 9·319 
10.2" 25.369 

-6. 9'+ 24.700 10·909 30.3 0 - .21 
3 .~65 u.g69 45•2g5 -6.361 
E4' 35 

11. 00 0.1 g -6.376 
.912 n:602 46.06 -6.~0 

4~:~l U.307 5 .021 -5· 9 

60.106 
10·751 54·

a
54 :4:~3a 9. 97t 5,.~4 

65·155 9·01 6. 5 -3.8§0 
70.193 ~.899 64.807 -3.067 e5•219 .6g1 7 ·781 -2.2~1 

0.249 5·2 ~ ,£.751 -1.~ 3 
85.221 3.81 .~9 -. 10 
90 .1G5 2.269 8

G
· 5 -.345 

95·0 9 ·930 9 .951 . -.050 
100.000 0 100.000 0 

L.B . radius : 1.£2 
Slope of radi us hrougb L.B.: 0. 194 

NACA 65 ( 216)- 415 
a-0.5 

[Stations and ordinates given in 
percent of airfoil chord] 

Upper Surface Lower Surface 

St ation Ordinate Station Ordinate 

0 0 0 0 

:~ 1.236 .756 -.960 
1.448 1.031 -l.UO 

·930 LA 7 l'&fO -1.~59 
2.121 2. 37 2. 9 -1. 01 
4.564- 4.1~ 5.43"6 -2.~11 
7.044 6. 2 7 ',g6 -2. 32 

~:~~ 
10. 0 -3.169 

~:~i 15.4,9 :4:g~ M' OS ·51 20.392 
.669 9·315 25.331 -4. 26$ 

~:~~2 9.900 30.258 -4.42 
10.219 4~:~ -4.507 

49•916 10.4 ~ -4.~3 
5·019 10.43 44·ae1 -4. 6 

50•1g3 10.131 ~. 7 -4. 2,1 
65.2 3 ~:~ .p7 -3.9 0 
0.3g$ tZ· 95 -3 · 521 

65.3 ~.575 .692 -2.~5 70.281 .373 64.719 -2. O~ 
$5.2g7 5·152 7 .~3 -1. 

0.1 0 3.890 'fl' 0 
-1.278 

85.U7 2.639 .88g -.723 
90.062 1Jgg 8~.9~ -.305 
95 . 020 9 .9 0 - . 030 

100.000 0 100.000 0 

L. E. rad! us : 1.498 
Slope of rsdius through L. E. : 0.233 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



"S73a 

NACA 65-006 
[stations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 

:15 
.4t6 
·5 4 :15 

-.4t6 
-·5 4 

1.25 .71l 1.25 -.71l 2·5 ·95 2·5 -·95 
5.0 1.;10 5.0 -1.;10 
7.5 i:ga~ 16. 5 -1.~ 10 -1. 
~6 t~~ 15 -2.1~ 20 -2·t 25 2. 97 25 -2. 97 
;0 2.852 30 -2.852 
g6 2·952 g6 -2·952 

2.9~8 -2.998 

~6 2.§ ; ~6 -2.983 
2. 00 -2.900 

~6 2.741 ~6 -2'~41 2·518 -2. 18 

*6 2.246 65 -2.246 
1.9;~ 70 -1.93~ 

~ 1.59 ~6 -1.59 
1.~; - 10M; 85 • 5 85 .-. 5 

90 .510 90 -.510 
95 .195 95 -.195 

100 0 100 0 

L.B. radius: 0.240 

NACA 65-206 
~tation8 and ordinates given in 

percent of airfoil chord] 

Upper Surf'ace Lower Surf'ace 

Station Ordinate Station Ordinate 

0 0 0 0 
.460 :~ .540 -.424 
.706 .794 -.~02 1.200 .822 1.;00 -. 08 

2.444 1.l,40 2.5~6 -.768 
4',;9 1.625 5.0 1 -.9g~ 7· ;l 2.012 7.56, -1.1 
~.9; 2.gtO 10.06 -1.;0 

.9,9 2. 9 15.061 -1.~2; 
~.9 5 ;·277 20.~ -1. 85 

.9g; ;.~ 25· -1.802 
2~.9 2 ;. ;0.0 -1.880 
; .9~1 4. 982 45•029 -1·922 
~.9 1 ·06

a 
0.019 -1.a~ ·990 4·07 45.010 -1. 

50.000 4.00~ 50.000 -1'~1 
t6:g~~ ;.8~ 54.9~ -1. 

;·5 9 t4:§7 -1.441 65.022 ;.276 -1.21 
70.026 2.~07 6

4
•974 -.96; 

~5.028 2. 89 7 ·972 -.b99 
0.021 2.02~ ~t§76 -.4;~ 
85.0~ 1.5; 84·9~2 -.19 
90.01 1.027 .007 
95·009 "511 9 ·991 .121 

100.000 0 100.000 0 
L.B. radius: 0.240 
Slope of radius through L.B.I 0.084 

NACA ACR No. L5C05 

NACA 65-009 
[Stations and ordinates given in 

percent of' airfoil ohord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
·5 .~O ·5 -.~O 
IJ~ 1:05~ IJ§ -i:05~ 
2'6 1.~1 2'6 -1.~1 
5· 1.9 1 5· -1.9 1 
7·5 2'186 16. 5 -2'186 10 2. ; -2. 3 

15 ;.299 15 -;.299 20 tb2b 20 -4.726 25 4.2~ 25 - .O~ ;0 ;0 -4.2 
46 4.4;1 46 -4.431 

tt:ttg~ -4.4g
6 

45 45 -4.4 9 
50 4'Mb 50 -4'Mb 
~6 4. 6 t6 -4. 6 ; "71~g -;.74~ 65 3.~2 65 -3.;2 
70 2.~ 70 -2.~ 
~6 2. ~6 -2. 

1. 5 -1. 5 
~6 1.260 85 -1.260 

.7g8 90 -.~8 95 .2 0 95 -. 0 
100 0 100 0 

L.B. radius I 0·552 

NACA 65-209 
~tat1on8 and ordinates given in 

. peroent of airf'oil chord] 

Upper Surf'ace Lower Surf'aoe 

Station Ordinate Station Ordinate 

0 0 0 0 :m .748 Jit -.648 
.912 -·712 

1.177 1.162 1.;2; -.948 
2.4M 1.605 2.58; -1.~; 
4'4 2·tn5 5·092 -1. ; 

7· ~ 2.805 7·595 -1.957 
~.9 ;.251 10.096 -2.217 

.90S 4. 971 15.gs1 -2.626 ~.91 ·522 20. 2 -2·9; 

.929 4.944 25·071 -;.154 
~.942 5.2$4 ;O.~ -;.,10 

.956 5.461 45• -;. 01 
~.9~1 5·ru O.O~ -;.42a 

.9 6 5· 45.0 -;.;7 
50.000 5· ~9 50.000 -;.233 
~5.0~ E..1 1 54.9n -2·991 
0.0 .8~ ~~:§17 -2.b72 

65.0;3 4.~ -2.2ef! 
70.&9 3. 8 6~.961 -1.8 
~5. 1 ;.2;7 7' .9t9 -1.447 
0.040 2.601 ~.9 a -1.009 
85.0;~ 1·933 .96~ -.587 
90•02 1:~§6 ~t§~ -.22~ 
95·01; .0; 

100.000 0 100.000 0 

L.B. radius I 0·552 
0.084 Slo'pe of' radiws through L.B.: 
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NACA ACR No. L5C05 

NACA 65-210 
[Stat1ons and ordinates giyen in 

percent of airfoil chord] 

Upper Surface Lower Surfaoe 

Station Ordinate Station Ordinate 

0 0 0 0 
:t3~ .819 .~65 -.~19 

l.l~ ·999 • 22 -. 59 
1.273 1.331 -1.~9 

2.~ 1.p1 2·592 -1. 5 
4. 98 2. 91 5·102 -1. 59 
1J§tt 

3.01>9 1·606 -2.221 

t5~ 
10.106 -2·521 ~.899 15·101 -2.~2 

~.909 4.938 20·091 -3. 6 
·921 5·391 2 5.OZZ -3· ~ 34. 936 5·732 30.0 -3.~ 
.9~1 t:~ ,5.049 -3. 94 

ez..9 8 0.032 -3'32~ 
·9~ 6.05~ 45.016 -3. 6 

50.000 5·915 50.000 -3·109 
6a· 014 !.621 ~.§86 :~:~~ .021 .21 

64:9R 65.& .112 -2.6~ 
70. 3 4.128 6,.957 -2.1 
~5.~ 3.4~9 1 .956 -1.681 o. ~:b51 ~4:§62 -l.li 
85.03 -.1 1 
90.028 l·m 84·9~ -.293 
95.014 • 22 9 .9 .010 

100.000 0 100.000 0 

L.B. radius! 0.687 
Slope of radius through L.B.I 0.084 

NACA 65 1 -012 
[Stationa and ord1nate" given in 

percent of airfo11 ohord] 

Upper Surfaoe Lower Surfaoe 

Station Ordinate Stat10n Ordinate 

a 0 0 0 

:15 l:i5§ :15 -·i2.3 
-1. 09 

1.25 1.~1 1·2.5 -1.~87 
2.·5 1. ~ 2.·5 -1. 1~ 
1. 0 2.60 1.0 -2.60 

·5 3.1l2 .5 -3.112 
10 ,.6 1 10 :4.641 
15 .402 15 .402 
2.0 ~:,bt 20 -4·,66 25 25 -5. 
30 5.116 30 -5·116 
,~ 5·912 

E~ 
-5.912 

45 ~:~~ :~:§Z~ 
50 5'Z51 50 -5'Z51 
t~ ~~ l12 
65 t~ 65 - :~ 
10 3.143 10 -3.143 

~ 3.~9 ~6 -3.~9 2.. 5 -2. 5 
85 1. ,0 85 -1. ,0 
90 ·9 1 90 -·9 1 95 ·35 95 -.35 

100 0 100 0 

L.B. radiu8I 1.000 

NACA 65-410 
[Stations and ord1natea givan in 

percent of airfoil ohord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
'Z12 .861 .628 -.661 

. °i 1.061 1:~~1 ::~~ 1.08 1·312 
2·31 1.~5 2. 82 -1.191 
4.1~ 2. 0 5.203 -1·536 
1·2 ~ ,.481 1.111 -1.191 

J..18 .~ 10.212 -1.~ 
.~98 5· 15.202 -2.3 

~. 11 6.131 20.183 -2. 
.~3 .290 25.15h -2.~10 

~.812 6.702 30.12 -2. J.4 
.90g 6.9~ l5·09.l -2.~ 

e4. 9t 7.1 0.01> -2.8 
.9 8 1.15§ 45·032 :~:ZoZ 50.000 Z·Ol 50.000 

65•029 .12.0 54.911 -2.340 
0.~3 6.288 64J~+ -2'264 

65· 3 5·141 -1. 21 r'o 
6 ,.Ot9 6,.916 -1.211 

5.~ .3 2. 1 .91 -.192 
o. 3·511 ~.912 -·393 

85·016 2.~ .924 -. 031 
90.051 1. ~.943 .22 
95·029 ·931 9 ·911 .321 

100.000 0 100.000 0 

L.B. radius: 0.681 
Slope or radius through L.B.! 0.168 

NACA 65(212 
[stat1on. and ord1nates given in 

percent or drfoil chord] 

Upper Surface Lower Surface 

Stat10n Ordinate Station Ordinate 

0 0 0 0 

:~d ·n° :W -·670 
1.1 6 -1.036 

1.1s4 1.491 1. 6 -1.~l 
2..~91 2..058 2.. 09 -1.6 
4. 18 2·919 5.122 -2.·2.137 
1.~3 ~.5*3 6.62.+ -2..74a 
~. 3 .1 2. 1 .12 -3.12 

.8 9 5.073 15·121 -'.72~ 
~.890 6:Rg 

20.110 - .11 
.906 25.094- -4.5 0 

§4.923 6.6137 30.~ -4.~3 
.~2 6.~ ,5. 0 -4. 2 

~.9 1 1. 8 0.039 -4.~2.6 
.981 t~ 45. 019 -4. 54 

50. 000 50.000 -4.6~ 
65•011 6.5~ 54. 98a ~:M~ 0.~2 6.0 ~.96 
65. 3 tlli .957 -3·351 
10.050 'Z·9~0 -2.'7~ 
~5.053 3.9 1 .9 ~ -2..1 
0.~2 3. 0 ~.94 -1.54 

85. 5 2.~2 .9Z5 -.~ 
90•033 1. 3 84.9 1 -. 9 
95·011 • 12 9 .983 -.640 

100.000 0 100.000 0 

L.B. radius! 1.000 
Slope or radius through L.E.! 0.084 

S73b 
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NACA 651 - 212 
a=O.6 

~tations and ordinates given in 
percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 

:t~~ .982 .601 -.852 
1.194 .862 -1.012 

1.1~ 1.520 1.~76 -1.242 
2.~5 2.113 2. ~ -1.625 
4. 37 3.01~ 5.1 3 -2.1~ 
7.~29 ,.72 7.671 -2.6 
~. 27 .330 10.lp -2.956 

~J~~ ~:~ 15·1 7 -3·500 
20.152 :4. 904 

6.611 25·131 .197 
24·8~;: ~.024 30.106 -4.401 
3 .9 1 . GEt ,5. 079 -4.518 
Gl·9~1 7. 0.049 -4',50 

·9 3 7.423 45.017 -L~. ~5 
50.017 Z·231 ~.983 -4.2 ~ t5•051 .856 

~;:J~ -3·96 
0.094 6.318 -3.566 
65.1~ ,.6~ -3.124 
70.1 .8 6~.8r -2.640 
J5. 112 3.9 3 7 .8 8 -2.131 

0.090 3.082 ~~.910 -1.604 
85.06t 2.173 .9t6 -1.085 
90.03 1.297 8~.9 4 -·595 
95 . 013 ·521 9 .987 -.191 

100.000 0 100.000 0 

L.E. radius: 1.000 
Slope of radius through L.E.: 0.110 

NACA 65 2 -015 
~tat ions and ordinateS given in 

percent of air foil chord] 

Upper Surface Lower Surface 

Station Ordinate s tation Ordinate 

0 0 0 0 
. 5 1.~ . 5 -1.~ 
· 75 1.35 . 75 -1.35 

1.25 1 . 7~ 1.25 -1.702 
2.50 2.3 2. 50 -2. 324 
5·00 3.245 5. 00 - 3.245 
7· 50 ,.959 7.50 :4.959 

10 •5Sa 10 .55a 
15 6J~ 15 j . 50 
20 

6. 764 
20 . 224 25 25 -6 .76 

30 7·152 30 -7·152 

46 7' 496 
46 

-7 .,96 
7. 98 -7. 98 

45 7. 42~ 45 -7 .42~ 
50 l ·16 50 -Z·16 
66 .720 66 - ·720 

6.118 -6.118 
65 ~·t03 65 ~·t03 70 • 00 70 • 00 

~6 ~ :~~ ~6 -3.~4~ -2. 5 
85 1· 977 85 

-
10m 90 1.~ 90 -1. 

95 .42 95 -. 
100 0 100 0 

L.E. radius: 1.505 

- ------~-------------

NACA ACR No. L5C05 

NACA 65 1 -412 
[Stations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.~7 1.010 .653 -.810 
• 0 1.2M ·Eft° -.9g6 

1.0~9 1.5 1. 1 -1.1 0 
2.2 1 2.234 2·'m -1.4tO 
4.~ t· 227 5.243 -1.9~ 
7. l .010 

1b:M4 
-2.~ 

J.74 .672 -2. 
.7a7 ~:~~ 15· 3 -3.04§ 

~4:~/ 20.219 -3.37 

~:~~~ 26·18~ -3.613 

~:~ 3 .15 -3'170 
~.971 ,5.11 -3. 51 

Gl· 923 .139 0.07~ -3.855 
·962 8.139 45.03 -3· 759 

50.000 7.'t3 50.000 -3·551 
55.03~ 7. 02 54.96g -3·222 
60.0E) l·085 6t9i4 -2.801 
65.08 .~ 64·A99 

-2·320 
70.101 

a:~! 
-1. 798 

~6:ig~ ~J§1 -1.261 
3.93 -.7~ 

85.0~0 2·97 ·910 -.2 2 
90.0 6 1.9~9 8~.9~ .08~ 
95·033 .9 E) 9 ·9 7 .27 

100.000 0 100.000 a 

L.B. radius: 1.000 
Slope or radius through L.B,: 0.168 

~tations and ordinates given 1n 
percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
·t06 1.170 .~94 -1.0~0 
• 45 1.}fo2 .~ -1.2 2 

1.132 1. 05 1.3 -1.591 
2.~6a 2.506 2.63,5 -2.134 
4. 4 ,.5A7 5·152 -2· 925 
7.~42 .3 0 7.658 -4.532 
~. 4-l , .069 10.159 - .035 

1 .8t 8 6.17A 
15·152 -4.829 

1~.8 3 7·01 20 . 13~ -5 .~6 2 .882 ~ .658 25·11 - ,. 68 
24.904 .123 30.096 -6.1p 
3 .927 8.426 '6:g4~ -6 .~6 
~. 9 52 8.569 - 6. 7 

.976 8.522 45 ·024 -6.332 
50.000 8.271 50.000 - 6.065 
,5.021 7.815 54. 9Z9 -5.625 
60.039 7.189 ,;:. 9 1 -~.047 
65.053 6:~1~ 6 . 94~ - ·373 
70.062 

t638 t 93 - 3.628 
p.065 7 · 935 -2.8t8 
0.063 3. 6f3 ~4:§~~ -2.0 1 

85.0~5 2. 6 9 -1.303 
90.0 0 1.60 8~.9 0 -.626 
95·020 ·744 9 .980 -.112 

100.000 0 100.000 0 

L.E. radius: 1. 505 
Slope of radius through L.E.: 0.084 

NATIONAL ADVISORY 
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NACA ACR No. L5C05 

l]Itations and ord1nates given 1n 
percent of airfoil chord] 

Upper Surface Lo.er Surface 

Station Ordinate Station ordinate 

0 0 0 0 
.313 1.208 

1:~~ 
-1.008 

.542 1.480 -1.200 
1.016 l'lOO -1.4~2 
"2.2;1 2. 80 2.769 -1.9 6 
4.697 t~~ 

5·;03 -2.59~ 
7.1~ 7.816 -3.09 
~.682 ~:~ 

10.318 =4. 510 

~f*~l h' 9 ~6:~ -4:g~~ 

~:!;!! 
.550 25·2 -4. 970 

9.093 ;O'ii -5.205 
.83% ~:~~§ ~6: 7 :$:5~~ ·9 
.96; 9.61K ~6:00b :a:~H .0 0 a· 37 

l5.~3 .910 54·951 -4.5;0 0.07t 8.260 ~tit -3·ru 65·10 Z·462 -3· 
70.124 .542 ~tlrl4 -2. 54 
h5•131 a:G42 -1.9~2 
0.126 ~.~ -1.2 a 

85.109 3.326 .891 - .62 
90.080 2.17a 8~.9tO -.lgz 
95.040 1.05 9 .9 0 .2 

100.000 0 100.000 0 

L.E. radius: 1·505 
Slope of radius through L.B.: 0.168 

NACA 65 3 -018 
[Stations and ordinates given 1n 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
·50 i:t6$ ·50 -1. t6$ 
·75 ·75 -1 . 

1.25 2.014 1.25 -2 .014 
2·5 2:~~~ 2·5 -2·A61 
5·0 

'Ti 
5·0 -G' 6 

16. 5 16. 5 - •73i 6' 5 :6:t6 15 • 0 15 
20 A· 476 20 -A·476 
25 .129 25 - .129 
30 ~:~A6 30 j:~A6 
'6 8·999 ,6 -8.999 
45 8. 901 45 -8·901 
50 8 . 568 50 -8.568 

66 8.008 66 -8.008 
1.267 -1. 267 

65 65 - .,96 70 ,:'~6 70 -a' 2 
A6 .396 A6 - .396 

3.338 -3·338 
85 2.295 85 -2.295 
90 1.,19 90 -1.,19 
95 • 90 95 - . 90 

100 0 100 0 

L.E. radius I 1. 96 

NACA 652 -415 
a-0.5 

[Stations and ordinates given in 
percent of airfoil chord] 

Upper Surface Lower Surface 
f--

Station Ord1nate Station Ordinate 

0 0 0 0 

:~~ 1.233 .75~ -·957 
1.520 1.03 -1.132 

2:i~l 1.~6~ ~:~~ -l·m 2. 1 -1. 

4'm 
4.099 i:~6 -2.3'~ 

7·0 5·122 -2·7 

J: ~ 5·985 10.451 -3.081 

a:48§ 16·4e2 -3'§61 
~.611 9.2~ 2 .; 9 :g. ; 

.671 25.329 .232 

~J~3 9·88; 30.257 -4.411 
10.280 '6:6~~ -4.508 

'9.91~ 10.470 -4'a26 
5. 019 10.42g 44.~1 -4. 31 

50•162 10.10 ~. 8 -4.226 
Z5.2 2 ~:lO~ ~;dii -3.92~ 
0.307 1·6~4 -3.54 

65·3l.lj. -3·1(4 
70.294 .5~ 6,.706 -2.609 
~5.253 ~.3 7 .~47 -2.0~ 
0.199 .151 -g. 01 -1.~ 

85.137 2'730 .863 -1.0 
90.077 1. 55 8,.923 -·527 
95. 02

6 
.715 9 .9

6
3 -.139 

100.00 0 100.0 0 0 

L.B. radius: 1·505 
Slope of radius through L.B.: 0.233 

NACA 65 3-218 
~tations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.388 1.~2 .612 -1.282 
.1>25 1. 73 .875 -1.533 

1.110 2.116 1.390 -1.902 
2.~40 2·932 2.660 -2.560 
4. 19 4.178 5.181 -~.546 
7·

A
11 5·153 7.689 - .305 

lt8f~ 5·971 10.1~ -4.937 
A .276 15·1 -5·930 

lK·83~ .270 20.165 -6.676 
2 .8~ 9·023 25.142 -7·233 
2K·8 4 9.566 30.116 -7.622 
3 ·912 9.916 ~5.088 -7.856 
~.942 10.070 0.058 -7 .~28 

. 972 9.996 45·028 -7. 06 
50.000 9.671 50.000 -7.465 
55.026 ~.lOA 54.974 -6.913 
60.0t7 .~ tK· 953 -6.196 
65.0 3 7· ~ ·937 :a:,~~ 70.073 6.39 t927 P·07l , .290 7 ·923 -3·500 
0.01 .133 ~K·926 -2· t41 

85·0 3 2 .~67 .934 -1. 21 
90 .oh6 1. 35 8K·95 -.801 
95.023 .805 9 ·977 -.173 

100.000 0 100.000 0 

L.E. radius: 1.96 
Slope of radius through L.E.s 0.084 
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NACA 653 - 418 
[Stations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
. 27} 1.418 ·722 -1.218 
·5 3 1.729 ·997 -1.~9 
.9p 2.20~ 1.~27 -1.7 1 

2.1 1 -2.~60 
4.639 ~:G31 ~:§gi -3· 17 
7.123 5 .~66 7· ~7 -E·87O 

J..612 6. 78 10.3 1 - .41.0 
.636 7.9t 2 15.364 -5.~0 

~ . 671 9.0 1 20 .3~ 
.716 9 .9~ 25·2 :g:3~ 

~.~68 10·5 30.232 -6.6 
.~ 10·9 E5.17l -6 .~ 

Et ·8 11.140 0.11 -6.85 
.943 11.091 45.057 -6.711 

50 .000 10.77~ 50.000 -6.~62 
l5 .051 10.19 54.942 - 5. 18 
0.09~ S·408 l/!:S06 :a:~~ 65 ·12 . 4~ 

6 .~ 70.146 ~ .3 
74-

-3. 0 
~5'i44 .183 -2. 03 

O. 7 4 . 22~ R853 -1.742 
85.127 3. 63 .~ -.9~ 
90'gjf2 2·350 84.9 -.2 
95 . 6 1.120 9 .954 .l44 

100.000 0 100.000 0 

L.E. radius: 1.96 
Slope of r adius through L.E.: 0.168 

[Stations and ordinates given in 
percent of airfoil chor<!l 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 

.~2 1.446 .828 -1.146 
• 5 1.776 1.11S -1. ZS6 
• 39 2.29~ 1.661 -1. Sl 

2.026 ,.26 2.97~ -2.1~2 

~ . 462 .7~6 ~:6~4 
-2.8 0 

'436 l .9 1 - 3'm J.' 31 . ~78 10.S69 =4: 5 
•4S2 8. 02 15.~4~ 

~.50 9.848 20. 9 -5·072 
' l74 10. 8~ 25 .42 - 5 . ~33 

~ . 52 11·5 30.3t8 -S. 72 
. ~38 11. 972 ,5.2 2 -5·792 

E.G ' 26 12. 210 0'?J4 - 5 'l~ 
·91S 12.186 4s. 5 -S. 1 

SO .OOO 11.877 So . OOO -a· 259 
lS .077 11. 293 54·a23 - .723 
0.~1 10.4~ ~ . 59 -4.0S3 

65 .1 9 A·4 . 811 -3·302 
70 .219 .338 64.781 -2.s06 
~S . 230 7·075 7 .7~0 -1·705 
0. 220 ~.719 ~:~1~ -. 9~~ 

BS .18a . ~6 -.2 
90.~ 2. 3 84.862 .229 
9S . 8 1.433 9 .932 . 4 3 

100.000 0 100.000 0 

L.E. r adius : 1.96 
Slope of radius through L.E.: 0.253 

NACA ACR No. 

NACA 653 -418 
d=O.5 

[stat'lons and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.197 1.440 .803 -1.164 
. ~11 1.766 1.089 -1'g~8 
• 68 2.271 1.6,2 -1. 3 

2.0S7 ,.233 2.9 3 -2.197 

t:4g~ .~lS ~.507 -2·9S1 

J.:tt~i l' ~1 .~4 -3.51~ 
.82 10. 1 -,.27 

8.482 lS.~19 - .b90 

~:2&4 9 .~09 20. 6~ -5.213 
10. 43 25·39 -S.~9S 

~:6A~ 11.325 30.309 -S· S~ 
11.770 ,S.211 ::6. 99 

,9J99 1l.~70 0.101 .026 
5.022 11. 9~ 44.~78 -S.20g 

50.182 11. SO ~. 18 -5.62 
55.3~ 10.~88 •68l :4.216 
60.3 §. 20 n·63 .696 
65.372 .674 .628 -4.094 
70.34~ t6U t 653 -3.454 p.29 7 ·702 -2·7 

0.232 4'U6 $4'r -2.024 
86·~9 -1.131 
9. 9 i: 93b 8f9 1 -. 02 
95 ·030 ·777 9 ·970 -.201 

100.000 0 100.000 0 

L.E. radius: 1.96 
Slope of radius through L.E.I 0.233 

NACA 653 -618 
a =0.5 

[Stations and ordinates given i 
percent of airfoil chordQ 

n 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.OS9 1.~69 .941 -1.°S5 
.~b 1. 21 1.244 -1.239 
• 9 2'U5 1.811 -1.~93 
1.~6 3. 9 3.154- -1. ~5 
~.248 2:Gt~ ~.752 -2.~ 

.766 . 2~ _2. 

J..194 7'~6a 
10.8 -3. 21* 

.225 9· 15' FS -E·71 
14.,01 10. lS 20. 99 - ·071 
2 • 07 11.8~ 25.,93 -4.,21 

~:lM 
12.6 30. 63 -4. 79 
13.209 ~5.316 -4'Ml 

e9.~ 13.450 O.lgl -4. 0 
S·O 13.39~ 44.9 6 -4. 07 
50.2~a 12. 97 4~.727 -4.154-

g6:~6 12.173 5 .,32 
-3.

8* 11.090 n:m -3.4 
6S · SS7 §.806 -2T 
7
0'4l:9 · a74 64.4 1 -2. 28 

~5. 5 6. 51 7 'l5S -1. 25 
0.347 5·279 ~~: If -1.~1 

85 .239 3.720 

~:~U 
-. 6 

90•1,3 2.233 -.391 
95 .0 6 . 920 -.056 

100.000 0 100. 000 0 

L.E . radius: 1. 96 
Slope of radius through L.E.: 0.349 

--
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NACA ACR No. L5C05 

NACA 654 -021 
[Stations and ordinates given in 
- percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
·50 1.~22 ·50 -1.

g
22 

·75 1.;8 ·75 -1. 38 
1.25 2·301 1.25 -2.301 
2·5 ~.154 2·5 -~.154 
5. 0 . 472 5·0 - .472 
7·5 5.498 7·5 -5·498 

10 6·352 10 -6.352 
15 ~.700 15 '-~. 700 
20 .720 20 - .720 
25 9 ·487 25 - 9. 48l 
30 10.036 30 -10.03 

a6 
10.~75 ~6 -10·a75 
10. n- -10. 99 

45 10.366 45 -10.366 
50 9.912 50 -9.912 

~6 A·2 7 ~6 -A·2 7 
.~o - .390 

65 t· 36O 65 -t· 3i$0 
70 .224 70 - .224-

~6 5.024 ~6 - 5. 024 
3.800 -3.800 

85 2.,98 85 -2.,~ 
90 1.~ 90 -1. 
95 ·54 95 -.54 

100 0 100 0 
r I L.E. radius: 2·50 

~tatlons and ordinates given in 
percent of airfoil chor4] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 

: eta 1.601 ·753 -1·t01 
1.~56 1.032 -1.~6 

·933 2. 93 1.
g

67 -2. 5 
2'M5 3·505 2. 65 -2.~61 
4. 2 2. 085 5.41~ -4' 21 7.062 .329 7 ' /2 - . 633 

J . 557 7·371 10. 3 -2. 303 

'275 9.034 15•42, - .342 
~. Ib 10.3~ 20 . ;8 -7.120 

.668 11.27 25.332 j.6~1 
~.72Z 11.r6 30.271 .0 8 

12. a3 a5•204 -8. 31t ~J~ 12. 0 0. 132 -8.35 
12·556 45.06 -8 .176 

50.000 12.1~8 50.000 -7.~6 
25'

06A 11.4 7 54.g41 -l' 7 0.1 10',31 ~. 92 - .247 
65 ' ~g A' 19 .855 :4.29§ 70.1 .16b 6,.832 . 27 
A5•1l6 6.811 7 .824 -3. 231 
0.1 7 5.;88 ~, . 833 -2. 25\ 

85.14
4 

3. 940 •85l -1. 24 
90 .10 2.5~ 8,.8, -.~ 
95· 051 1. 17 9 .9 9 .0 

100.000 0 100.000 0 

L.E. radius: 2·50 
'Slope of radi us through L. E •• 0.168 

N A C A 65 4- 221 
[Stations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

station Ordinate Station Ordinate 

0 0 0 0 
·~72 1.567 .628 -1.467 
.608 1.~02 .892 -1. 762 

1.090 2. 02 1.~O -2.188 
2.314 t~~5 2. 4 -2.963 
4.7§1 5·209 -4.151 
7.2 0 5.~1~ 7·720 -5.070 
~.7~8 b. 65 10.222 -5.831 

i :~oA 8.370 15. 213 -7.024 

2t8~4 9.514 20.192 ~.922 
W.~81 25·1i56 .591 

2~.86A 11.00K 30.135 -9.0~ 3 .89 11.40 a5•102 -9.~ a·932 11.,70 0.068 -9. 
.967 11. 61 45.033 j.2r 50.000 11.055 50.000 .8 9 

55.030 10.~72 54.97.0 -8.1 2 
60.054 §. 61 5~.9 6 -I·319 65.O

A
2 .390 6 .928 - ·330 

70.0 k 7.19a 6~.916 -,.251 a5•08 ,.91 7 ·912 - .126 
0.084 ·595 ~~.916 -3.00~ 

85.072 3. 270 .928 -1·92 
90.052 2.000 8~.948 -.96 
95.026 .861 9 .974 -.229 

100.000 0 100.000 0 

L.B. radius: 2.50 
Slope of radius through L.E. : 0.084 

NACA 654 -421 
a =0.5 

@tations and ordinates given in 
percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.125 1.620 .845 -1.~ 
.~ 3 1~991 1.1~ -1. 03 
• 13 2'253 1.6 -1.965 

1.f2 3. 31 3.0 -2·595 
t· 14 2'g15 g.SS6 =4. 551 

• 80 • 51 .120 ·~ZS J.371 7.773 10.629 -4. 9 
'495 9.572 15.605 -2.780 

~:§J 10·951 20.~5 - .455 
12.000 25. 2 -6.952 

~:23, 12.7~ 30.361 -7·~Z 
49.~2 13·2 45•246 -7. 13.4l0 0.118 -7.526 

5.026 13.~ 2 44.9
A

4 -7.370 
50.211 12. 90 ~J3~ :],.010 
25.~2 12.0~ -5:~~ O. 1 10't 2,·579 65.428 ~. 37 '672 :4. 057 

7
0'm .1U 6,' 02 .229 

~5. 0 6.6 7 .660 -3.~60 0.2 5.097 A4:Ai~ -2. ~ 
85·181 3.550 -1. 
90.100 2.095 8~.900 -.867 
95 .034 .833 9 .966 -.257 

100.000 0 100.000 0 

L.E. radius: 2·50 
Slope of radius throuah L.E.: 0.233 

S75a 
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S75b 

l 

~tation8 and ordinates given in 
percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.456 1.073 .544 -1.023 
.701 1.~OO ·799 -1.230 

1.195 1.~ 1.305 -1· 534 
2.437 2.2 1 2.563 -2.07 5 
4',29 3.186 5·071 -2.8~0 
7. 26 ,.906 7.574 -3.4 2 

J.926 ',08 10.074 ~.~92 
• 92l 6' 72 15.Ol1 • 00 

14.9, . 206 20.04 -5.~10 
2 .9 5 6.761 25.0~5 -6' 65 

~l:~Z6 7.161 30.0~ - .18~ 
7.418 ,5. 0 -6.,8 

~.9~7 7.~~4 0.023 -6. 62 
. 9 9 7. 0 45.011 -6.38~ 

50•000 Z·242 50.000 -6.1 
65•010 .820 54.9~0 -5·724 
0.018 6.246 6~.9 2 :,:11~ 65.025 ,.558 · 975 

"70.029 
.7r t 9l1 -3JOl p.031 3.9 2 7 ·9 9 -3.~ 

0.029 3.0 5 ~.971 -2. 2 9 
85.025 2.181 . 9~5 -1.$09 
90.019 1.326 8,.9 1 -. 10 
95·009 .557 9 .991 -.21.1 

100.000 0 100.000 0 

L.E. radius: 1.311 
Slope of radius through L.E.: 0.042 

NACA 661 1-212 
~tations and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station "Ordina"te 

0 0 0 0 

:~~ .947 :e76 -.847 

1.~ -1.010 
1.157 1. 10m -1.2~ 

~:~M 1.9 2. oz -1. 6 
2'JZ7 5·11 -2.165 

7.~7~ 3. 1 7.621 -2. 5t3 

~:8~4 ,:~~7 10.122 -2·9 3 

6.
57

' 

15.116 -3. 5~ 
~.895 20. 105 ~. 9 ·909 .112 25·091 ·322 
2~.925 6'$22 30 . 075 -4.578 
3 . 9t3 6. 16 '5 . 05~ -4.~~ G4. 92 7.005 0.03 -4 . 3 

. 981 7·093 45.019 -4.~03 
50.000 Z·075 50 . 000 -4. 69 
65•019 ·U9 54. 981 t 749 

0.036 6. 5 n· 964 - . 523 
65.0

6
1 6.195 .949 -4.1~5 

70.0 1 ~'607 6~.93' -3.g 3 
~5. 066 • 83 7 · 93 -2. t3 

0.06e 3.759 ~:§e1 -2.1 7 
a5.0~ 2. 7lo -1.4~ 
90.0 3 1.7 0 8, . 95~ -· 72 
95·022 .792 9 · 97 -.160 

100.000 0 100.000 0 

L.E. radius: 0.893 
Slope of radius through L. E. : 0. 084 

NACA ACR No. L5C05 

NACA 65(421) -420 
(Sta tions and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.2~ i:en .742 -1.3~ .4 2 1.018 -1. 5 
. 950 i.37~ 1.e,O -1.~4 2.152 

~J66 
2. 8 -2. 14 

4.603 5·397 -,.602 
7.083 .066 7',17 - ·370 
Z:5~g ~.060 10. 21 -4.992 

. 665 15.4~ -6. 973 ~.6~ 9.885 20.36 - ·701 
.6 4 1O.81~ 25.316 -7.23t ~.~42 11.49 30.258 -7.60 
• 05 11'£49 ,5. 195 -7.819 

".871 12. 0 0.129 -7.856 
·937 12.056 45.063 -7. 6l 6 

50.000 11.672 50.000 -Z.2 0 
Z5. 056 11.01Z 54.~44 - 'M5 
0.10~ 10.12 6~' 97 65. 13 9;060 .862 ~:94~ 

70.160 l·861 t 840 -3.9~3 h5•167 .563 7. 8r -2·9 3 
0.15t 5·200 ~.8 1 -2.016 

85.13 3.813 .8 4 -1.121 
90.gz8 2.441 8,.902 -.3IE 95. 9 1.150 9 ·951 .1 

100.000 0 100.000 0 

L. E. radius I 2.27 
Slope of radius through L.E.: 0.168 

NATIONAL ADVISORY 
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NACA ACR No. L5 C05 

NACA 66 (215)- 016 
~tations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
· 5 1.1~ · 5 -1. 18~ 
.75 1.41 . 75 -1.41 

1. 25 1. 75~ 1. 25 -1. 75~ 
2. 5 2. 37 2. 5 -2. 37 
5. 0 R·292 5. 0 -R·292 
7.5 . 001 7· 5 - . O~ 

10 4 . 62 10 -4 . 62 
15 ~.605 15 -~ . 605 
20 .,62 20 - . ,62 
25 6. 950 25 -6. 950 
, 0 7 . 39~ ,0 -7 . 3~ 

~~ 7· 70 ~~ -7.7 
7. 909 -7. 909 

45 7. 997 45 -7 · 997 
50 7 . 9~7 50 -7 . 9~7 

~~ 7. 7 0 ~~ -7.7 0 
7 .~5 :l : ~2~ ¥6 6. 32 ¥6 -G' 910 G·97O 

A3 . ~6 A~ - . ~6 
3. 9 - 3. 9 

85 2· 723 85 -2. 723 
90 1. 587 90 -1. 587 
95 . 597 95 -. 597 

100 0 100 0 

L.E. r adius I 1. 575 

NACA 66 (215)- 216 
a· 0.6 

[Stationa and ordinates given in 
percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate St at10n Ord1nate 

0 0 0 0 

:2&t tf .62~ -1.112 
. 89 -1.3~ 

1.0il 1. 6 tt~ -1.6 
2·3 7 2. 15 -2.127 
4.7t ~ . 701 5.206 -2·ru 
7·2 .56~ 7.716 -3. 
~.781. ~.30 10.219 -~.9~ 

.~88 .~O 15·212 - ·702 
~. Ii ~. 8 20.1~~ -5.~ .~2 .15~ 25·1 :6: 0 ~. 2 8·70 30.138 

•891 9.098 ~5.1~ -6.~12 
~4·93 9 ',56 0.0 -6. 62 

.978 9. 71 45.022 -6.,23 
50.023 9·431 ~.977 -6. 8t ~5.~3 §.224 -6'fl o. 1 .800 lf~~ -6. 8 
66.191 8.~ .809 ~:~~ 7 .1§8 7.06 t 802 
A5.1 1 ,.889 7 . 819 -4.037 
0.148 ·585 '[l.852 -3.107 

85·106 3.261 .894 -2.1~ 
90.061 1·93 8~.939 -1.2 5 
9S· 021 · 762 9 ·9 9 -.432 

100.000 0 10 . 060 0 

L.B. rad1usl 1. f75 Slope of rad1us hrougb L.B. I 0.110 

NACA 66 (215)- 216 
~tations and ordinates g1ven in 

percent of aiTfoil chor~ 

Upper Surface Lower surface 

Station Ordinate Station Ordinate 

0 0 0 0 

·t01 1.2~0 .~99 -1.1ez 
• 40 1.~~ • 60 -103 

1.128 1. 1.372 -1.6jlli 
2.362 2't 0 2.638 -2.1 
4.B;.6 G:~~ 5.1~ -2.~2 
7.~40 7.6 0 -E' 0 t· 14O 10.162 - .106 ~:~ .276 lS.~S -4·UO 

l~. 0 7.l~ 20. 0 -l' 4 2 :879 A· 8 25·121 - .054-
~.900 .3 30.100 -6.~22 

.924 8.7~6 45•076 -6. 76 
G4 . 94~ 8.9 0 O.OSl -6.838 

· 97 9.~2 45. 026 -6.~02 
50.000 

~:87~ 
50.000 -6. ~ 

~S.O~ 54.975 -6.6~ 
0.0 8.~9 ~.952 -6'a 66.0 1 l' 62 ·933 -~. 02 

7 .08 ,:~t~ ~. 919 - ·997 
A5•oS7 7 .913 -4.070 

o.08S .644 ~.915 -3. 0t2 
85·075 3.395 ·925 -2.0 9 
90.05~ 2.103 8~ . 94~ -1.0 9 
95·02 .913 9 .97 -.281 

100.000 0 100.000 0 

L.E. radius I 1· 575 
0.084 Slope of radius through L.B. I 

NACA 66 (215 )-416 
[Stat i ona and ordinatee given 1n 

per cent of airfoil chord] 

Upper Surfaoe Lower Surface 

Stat10n Ord1nate Station Ordinate 

0 0 0 0 
·303 1.268 .6lJ -1.068 
·S3~ 1·541 -1.261 

1.008 1.~~ 1:492 -1.524 
2.225 2. , 2·775 -1.~0 
4. 6M G:~g 5.~07 -2. 6 
7. 1 7. 0 -3.~ 
~.677 6.649 10·323 :e. 5 

.691 .942 15·309 

Om ~.720 ~.948 20.280 -4.7 
.736 26.243 -5.1 . ~f~6r 9·336 3 .199 -5. 8 

. 848 9.71> 5 ,5.152 -5. l 
~.8~8 10.0* 0.102 -5'ffi . 9 9 10 .1 46.061 

:§:75 50. 0 0 10.16 5 .0 0 
tS' oso 9.9~0 54.950 -5.5~ o.ot a : a9~ 64:a~ -,.2 
65.1 5 - ·771 
70.1 1 1.912 ~.839 -4.024-

A6:it% .B21> :3:g~ 4:~i .830 
8S.1S0 '1 -1.313 
90.111 2. 611 ~4:9 - . ~~ 
95·056 1.22 .03 

100 .000 0 100.000 0 

L.B. r adi us I 1·575 
0.168 Slope of r adius through L.B.: 

NATIONAL ADVISORY 
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NACA 66-006 
[Stations and ordinates given in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 ° 
'1

0 .4~ ' 1° ::2~ • 5 • 5 
1.25 :~9~ 1.25 - . 9fi 
2·5 ·91 2·5 -·91 
5·0 1..257 5· 0 -1.257 

;6. 5 i:1~ 16. 5 -1.1~ -1. 5 
15 2.119 15 -2.119 
20 2.~01 20 -2.~01 
25 2. 18 25 -2. 18 
,0 2.~82 ,0 -2.~82 

'6 
2. ri '6 :~:~i 2·9 

45 ,.000 45 -,.000 
50 2.985 50 -2.985 

~6 2.~5 ~6 -2 . ~25 
2. 5 -2. 15 

65 2.611 65 -2.611 
70 2.,16 70 -2.,16 

i~ l'FJ i~ -l'FJ 1.. -1. 
1. -1. 

90 .665 90 -.665 
95 .262 95 -.262 

100 0 100 0 

L.R. radius: 0.22, 

NACA 66-206 
[Stations and ordinates given in 

percent of air1'oll chord] 

Upper Sur1'ace Lower Sur1'ace 

Station Ordinate Station Ordinate 

0 0 0 0 
.~61 :6~ :1~~ ::tt~ • 07 

1.202 .p8 1.2§8 ::~~ 2.447 1. 02 2.5 , 
4'441 1·572 5.~9 -.9 0 
7· '9 1.9t~ 7. 1 

-l'm J.. 9,9 2.2 10.061 -1.2 
.9 2 2·791 15.058 -1. ~ 

~:§~ 3.196 20'~g -1. 
,.5~ 25. -1.~23 

~.9 2 3.7 ,0·°38 -1. 10 
.9hl ,.929 R5.029 -1.869 

~.9 1 .042 0.019 -1.900 
·990 4.0~ 45.010 -1.~5 50.000 4.0 50.000 -1. 2 

~5.00a 4.020 54.9
a

l 
-l'IM 0.01 ,.886 t4·92 -1·7 

65.026 3.~ .9l4 -1. 1 r·O
'l 

,.2 8 6~.9 ~ -1.~ 
5.0~ 2·848 7 .96 -1.0~ 0.034 2.3~9 ll·966 -·7 7 

85.031 1.70 .969 ::ffi 90.023 1.182 ~t~~~ 95.012 .578 .054 
100.000 0 100.000 0 

L.B. radius: 0.223 
0.084 I Slope 01' radius through L.E. I 

NACA ACR No. L5C05 

NACA 6 6 -009 
[Stations and ord1nates g1ven in 

percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Stat10n Ordinate 

0 0 0 0 
·50 .68] .50 -.68,] 
·75 .824 ·75 -.824 

1.25 1.0g0 1.25 -1.0g0 
2·5 1.~8 2·5 -1.~8 
1.0 1. 0 1.0 -1. 0 

·5 2.283 ·5 -2·2Bt 10 2.626 10 -2.62 
15 ,.178 15 -3.178 
20 3.601 20 -3.601 

;6 ,.927 25 :e' 927 
.~~ 30 .1irS 

,6 4. ,6 -4.~ 
fr'4 57 -4. 57 

45 • 99 45 
:tt:fr9§ 50 fr:~M 50 -4.3~ t6 4.2<:4 t6 -4.204-

~6 5. 882 ~6 -5. 882 
.~8 - .~8 

~6 2. '] ~6 -2. 7 
2.2 ~ -2.2 3 

85 1.611 85 -1.611 
90 .961 90 -.961 
95 .374 95 -.374 

100 0 100 0 

L.B. radius I 0·530 

NACA 66-209 
[Stations and ordinates given in 

percent of air1'oi1 chord] 
,-----

upper Surface Lower Surface 

Station Ordinate Station Ordinate 

o 
:~ 

1.179 
2.420 
4.912 
7.4ga 

1.4:§12 
~.921 

29J~ 
34.957 

~:~t 
50.000 
55.014 I 

00.027, 

~6:~6 
75·050 
8o.0i 85. 
90.0 
95.01 

100.000 

o 0 
•• 5sa I -.635 
814 -.752 

1.,21 -.921 
2.580 -1.180 
5.088 -1.562 
7.591 -1.857 

10.092 -2.10'] 
15.088 -2.5~ 
20.079 -2.804-
25.069 -3.031 
30.05~ -3.201 
35.~.I -3.318 
40.029 -3.386 
45.014 -3.404 
50.000 -3.'74 
$4.986 I -3.286 
~.9p -3·133 

69:~5f :~:ft~~ 
74.950 -1.982 I 
19.950 -1.466 
§4.956 -.931 
89·965 -.44 
94.982 -.05 

100.000 0 

L.B. radius I 0.530 
Slope of radius through L.B. I 0.084 

NATIONAL ADVISORY 
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NACA ACR No. L5C05 

NACA 66-210 
~tations and ordinates given in 

percent of airfol1 chord] 

Upper Surface Lower surface 

Station Ordinate Station Ordinate 

a a 0 0 
.~36 .806 ·t4 -'$06 
• 79 . 980 • 21 -. 40 

1.171 1.245 1.32~ -1.031 
2.412 1.699 2.58 -1.327 
4.902 2.401 5.Q98 -1. 769 
7:g§~ 2'458 7.601 -2.110 

,. 32 10.102 -2.~89 ~.903 .202 15'g$A -2. 56 
1
G
·912 4.796 20. -3. 294 

2 .924 5. 26Z 25.gz6 -3.~67 
~.937 5.6 30. ~ -3. 64 

.9~2 ~.862 ,5. 0 -3.802 
GZ. 9 8 .024 0.032 -3.882 

.984 6.09~ 45.016 -3'S2g 50.000 6.0Z 50.000 -3. 
Z5. 016 5.9 0 54.984 -3·770 
0.&0 5.736 ~~.970 -3.594 

65. 2 ~.332 .9
G

8 -3. 272 
70.051 ·759 6,.9fr4 -2.815 
~5.056 4.0~1 7 .9 -2.281 
o ~5 3. 2 9 ~~.945 -1.697 

85. 9 2.445 .961 -1.09g 90.037 1·570 8Z..9 3 -.53 
96.019 .724 9 .981 -.092 

10 .000 0 100.000 0 

L.E. radlus I 0.662 
Slope or radius through L.E.I 0.084 

NACA 66, -212 
[Statlona and ordinates g1ven in 

peroent of airfo11 ohord] 

Upper Surrace Lower Surraoe 

Stat10n Ordinate Station Ordinate 

0 0 0 0 

:m 1:~~ :~76 -.~ -1.0 
~.156 1.462 1.m -1. 
2.;5 1.~1 2. 01 -1.61~ 
4. 3 2. 9 5·ll -2.17 

J:H~ ,.459 7.621 -2.611 
.Oll 10.122 -2·977 

4.90~ ~5.11Z -~.5~ ~.89~ 2. 59 20.10 - .0 
.90 .~32 2~.~2 :l!.342 

~.925 6.~39 3· 5 ·595 
.9~3 6. 3a e5.0~ :l!:~~ ~.9 2 7.0~ 0.0 
.98~ f:gte 45.019 -4'a25 

50.000 50.000 -4. 2 
~5.01l 'l3~ 54·981 -4.741 
0.03 

%:~~ ~.964 -4.517 
6~.~1 .949 -4.10* 7. 1 ,. 61 6

4
•954 -3.~ 

~5.066 7 .9 -2. 1 
0.065 3.n9 ~.945 -2.147 
S5.~7 2·755 .9 3- -1.409 
90. 3 1.7aO 84·95~ -.716 
95·022 .7 9 9 .97 -.157 

100.000 0 100.000 0 

L.B. radius: 0.952 
'Slope or rad1us through L.B.: 0.084 

NACA 661 -012 
~tation8 and ordinates given in 

percent or alrrol~ ohord] 

Upper Surrace Lower Surraoe 

station Ordinate station Ordinate 

0 0 0 0 

:15 d~~ :15 
-.~6 

1.25 1.~ 1.25 :i:rg~ 
2·5 1. 8 2·5 -1. 8 
5·0 2.496 5.0 -2.496 
7·5 3. 03Z 7·5 -3. 03l l 10 4:~~ 10 ~:~~ ~5 ~5 

20 4.801 20 -4.801 
25 5'~r 25 -5. 2t8 
30 5. 8 30 -5'g 8 

e~ 5. 01 e6 -5· 0t 
t·94 j.94 

45 .000 45 .000 

~~ ~:~6~ ~~ -5'a6~ 
-5· ~ 5.~8 -5.5 8 

65 ~.139 65 :l.139 

i~ 3:~ 
70 -3:~ 2. ~ -2·9 

85 2. ~ 85 -2. ~ 90 ~:, 4 90 -1.2 
95 95 -.4 

100 0 ~oo 0 

L.B. radiWlI 0.952 

NACA 662 -015 
[Stations and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Stat10n Ordinate 

0 0 a 0 
·5 1.122 · 5 -1.122 
·75 1.343 .75 -1.g!t3 

1.25 1.675 1.25 -1. 75 
2·5 2.235 2·5 -2.235 
5.0 3·100 5.0 -3·100 
7·5 ~.781 7.5 ~.781 

10 .3~ 10 .3~ 15 5.2 6 15 -5.2 6 
20 5·995 20 -5·995 
25 6. 54l 25 -6. 54sl 30 6.95 30 -6.9 
,6 7·2,)0 

G6 -7·250 
7.430 -7.430 

45 7·t95 45 -7.495 
50 7. gO 50 -7.4eo 
66 Z·2 3 t~ j:~5~ ·959 65 6.372 65 -6.372 
70 ~'t76 70 -~'t76 
~~ • 32 

9g 
- • 32 

3.598 -,.598 
85 2'~gO -2'~gO 90 1. 9 90 -1. 9. 
95 .566 

1Z(i 
-.566 

100 0 0 

L.E. radius : 1.435 

S77a 
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·S77b 

l 

[Stations and ordinates given in 
percent of airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.~06 1.168 . ~94 -1. 068 
• 46 1.4o

A 1:2~ -1. 26
G 1.134 1.77 -1. 56 

2.370 2.417 2.~0 -2. 045 
4.8~5 , . 413 5· 5 -2.781 

JA4~ 
. 202 7.651 - 3'A~ 4.872 10.1a2 -e' 3 .~ i · 957 15.1 6 - . 611 

~. · 790 20 .132 - 5 . 1~8 .886 7.437 25 .114 - 5.6 7 
~ . 906 ~ . 927 30. 094 - i · 9 3 

·929 . 280 e5•071 - .220 
~.952 8. 501 0.048 -6'459 

.976 8.590 45 . 024 - 6. 00 
50. 000 8 . 55g 50.000 -6. {'sA 
i 5•023 8.37 54 .977 - 6.1 
0.0~5 8.030 6G· 955 - 5.888 

6
6
.0 3 ~.402 . 9~7 -a'242 

7 .~5 ·$4z 6~ . 9 5 - . 03 p.o 1 G· 52 7 ·919 - 3. A36 
0.079 . 393 1G.921 -2. 01 

85.070 3.202 .9,0 -1. 856 
90.052 2.005 8~.9 8 -.941 
95 .026 .881 9 . 974 -. 2 9 

100.000 0 100.000 0 

L.E. radius: 1.435 
Slope of radiue ~hrough L.E.: 0.084 

[Stations and ordinates given in 
percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
· 5 1. 323 · 5 -1. 323 
·75 1. 571 .75 -1. 571 

1.25 1.ta2 1. 25 -1.n2 
2· 5 2. 6 2'6 - 2. 6 
5.0 ,.690 5· -4. 690 
7·5 · 513 7·5 - · 513 10 6. 210 10 -~.210 

15 . 3M 15 - .3A~ 20 7.1 20 -7·1 
25 ~.848 25 -~.848 
30 . 346 30 - .346 

e6 
8.701 

e6 
-8.701 

8. 918 -8.918 
45 8. 9E8 45 -8 . 9E8 
50 8. 9 2 50 -8 . 9 2 

t~ 8.733 t6 - 8.733 
8.323 -8.323 

65 ~ . 580 65 -Z· 58O 
70 'G97 70 - 'G97 
$6 G' 51 ~6 ~ . 51 . 206 . 206 
85 2.934 85 - 2. 934 
90 IJ~ 90 -1. ~ll~ 
95 95 -. 4 

100 _'- 0 100 0 

l-L'E' radius : 1. 955 

NACA AC R No. L5C05 

[Stations and ordinates given in 
percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.314 1.206 .686 -1.006 
.$44 1.~7 l:G~f -1.18'7 

1.019 1. 3 -1.~~ 2.241 2.592 2.7~9 -1. 
4.711 4'Z18 5. 2 9 -2.4$4 
7·199 • 17 7.801 -2.921 
~.696 ~.381 10.3ct. -3·313 

•702 .6?4 15.221 ~.932 
~.73 A· 581 20.2 4 .3~7 

"1/1 .329 25.2M -4.7 9 
~. 12 8 . 897 30 .1 -5·009 

.854 9·309 45•143 -5.189 
e~·90 § :6~1 0.0~6 -5. 287 

.952 45.0 8 -5·m 50.000 9. 65i 50.000 -5· 
65. 046 9.473 54.9$4 -a· 092 0.090 A· IOO n:A~g - .81 
65 .126 .431 -4'211 
70.1

6
0 ~'G18 6

G
·85O -3. 30 

~5.1 2 • 19 
7 'm -2.839 

0.159 5.187 ~: 1 
-2.003 

85.1
6G 

3.8'72 -1.180 
90.1 2·519 8~.8~6 -.4

6
1 

95·053 1.196 9 ·9 7 .0 8 
100.000 0 100.000 0 

L.E. radius: 1.435 
Slope of radius through L.E:: 0.168 

[Stations and ordinates given in 
percent of airfoil chor41 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 

:~A 1.g68 .611 -1.268 
1. 36 

~:m -1.~~6 1.11t 2 .0~ -1. 0 
2.~4 2.82 -2.456 
4. 27 4. 002 5.1~3 -e' 3~0 
7 'A2O 4 . 9~ 7.6 0 - .0 5 
~. 18 5·7 10.182 -4.690 

.825 7.004 15.175 -t· 658 
lE·~l A·982 20.159 - ·390 
2. 3 .742 25·137 -6.952 
~. 887 9·317 30•112 -7·373 

.914 9.7g1 ,5. 08 -7.671 
~.942 9· 9 9 0.058 -7.847 

· 971 lo.0E3 45.029 -7.~03 
50.000 10.0 ~ 50.000 -7· 3~ t5•028 9.82 54 .972 -7.63 
0.0$4 

A·g94 tE· 946 -Z·252 
65 . ~5 • 10 . 925 - 'i 5O 
70. 9 l·568 6E · 911 -~ . 24 
~5 . 095 .345 7 ·905 - ·a55 
0' g§3 5·001 ~~.907 -3. 09 

85. 1 3..606 ·919 -2.260 
90 .060 2.230 8~.940 -1.196 
95 ·030 . 961 9 · 970 -. 329 

100.0~ _ 0 100.000 0 ---
L.E. radius: 1. 955 
Slope of radius through L.E.: 0.084 

NATIONAL ADVISORY 
COMMITTEE fOIl AERONAUT ICS 
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NACA 663- 418 
~tations and ordinates given in 

percent of airfoil chor~ 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.280 1.405 .720 -1. 205 
· 509 1.~2 .991 -1. 412 
.981 2. 7 1.g19 -1.71l 

2. 19t e· OOO 2. 00 -2.~ 4·U .306 5.~ -3. 2 
7. 0 6 · ~7 7 •. 0 -e· 661 
~.636 . 261 10. 364 - .1 3 

.6a1 ~ . 6 9 15.349 -4 ' §J7 
~.6 g 'F3 20. 3~7 -6' 9 .72 9· ~3 25·274 - . 053 
~.~75 10.2 7 30.225 -6' 699 

• 29 ~0·759 E5 . ~7~ -6. 39 
~.885 1l.0~ 0.115 -6.~'l-A .943 ~1. ~ 45.057 -6. 
50 .000 11.~8 50.000 -6.7~6 25•056 

lOra 54'$44 -6.5 3 
0 . ~07 10. 6 ZK' 93 

-6.~ 0 
65•142 ~. 39 .851 -a · ~19 70.17 .53§ 6G·822 - . 51 
~5.1$1 7.23 7 .809 - 3.658 
0.1 5 

4J
9t ~~:~~g -2.610 

85.162 -1.~t 90.120 2.7lt 8~. 8~0 - . 7 
95.060 ~.275 9 . 940 -. 011 

100.000 0 100.000 0 

L.E . r adiusl 1.955 
0. 168 Slope of radius through L.E.: 

NACA 664-221 
~tations and or dinates given in 

percent of airf oil chor~ 

Upper Surface Lower Surfac e 

Stat i on Or dinate St a tion Ordinat e 

0 0 0 0 
' g72 1.~0 . 628 -1.470 
• 10 1. 9 .890 -1. 72§ 

1.095 2. 342 1.t05 -2.12 
2.~23 4. 226 2. 77 -2 .8~ 
4. 00 

f~~ 
5. 200 

: 4:$05 7. 2$1 7·709 
~. 7 8 ·5 5 1O. 2l2 -~ ' t31 

.~97 8.039 15 ·203 - . 9~ 
l
G
. 15 9. 170 20. 185 j.57 

2 .~O 10.047 25 . 160 . 2~7 

~t 906 10. 705 30.131 -8 ' ~5 11. 18 35 · lDO -9· 
~. 9g3 11.478 40. 067 -9' 436 

·9 7 11. 595 45. 033 -9. 05 
50.000 11. 5~7 50. 000 -9·331 
25•0g2 11. 2 1 54·968 j . 091 
0. 0 3 10 . ~3 6~ · 937 .621 

65 . 087 $' 3 '$13 j ' Z6 3 
70 .103 .581 t 97 . 37 
~5 . 10t 7. 145 7 .891 - 5· 355 
0.10 5·591 e4 :~~ -3 ' 299 

85.0~2 3 .~6 -2. 50 
90. 0 7 2. 0 8E ·933 -1.406 
95. 034 1.032 9 .966 -. 400 

100.000 0 100.000 0 

L.E. radius : 2· 550 
Slope of radius through L.E. : 0.084 

NACA 664 -021 
~tations and ordi nat es gi ven in 

percent of airfoil chord] 

Upper Surface Lower Surface 

St ation Or dina te Stat i on Ordinate 

0 0 0 0 
· 5 i: ~~ · 5 -1.~~ · 75 . 75 -1. 

~ .25 2. 240 1. 25 -2. 240 
2· 5 4·0t5 2'- 6 -e·Ot5 
1. 0 . 2 9 5. - .2 9 

·5 6. 233 7· 5 -6. 233 
10 . 0~2 10 

:~ : ~2l 15 ~ .3 9 15 
20 . 376 20 - .37 
25 9. 15§ 25 -9 .1~ 
30 9.73 30 -9·7 

46 
~O . ~ 54 

G6 
-~0.1 54 

10.407 -10.407 
45 ~o.,oo 45 -10' 400 
50 10. at 50 -10. & 
63 10.1 63 - lD.1 

9. 692 -9. 692 
65 8. Z93- 65 -B 'li3 
70 Z. 10 70 -Z' 0 
~6 . 251 ~6 - .251 

4.796 -4.796 
85 3. 324 85 -3·324 
90 1.924 90 -1.924 
95 · 7~7 95 -.7~7 

100 0 100 0 

L. E. r adius : 2· 550 

NAT IONAL ADV ISORY 
COMMITTEE FOA AERONAUT ICS 

S77c 



878 
Ap ril 2, 1945 

NAGA 67, 1- 215 
[Stat ions and ordinates given in 

percent of air1'oll chord] 

Upper Sur1'aoe Lower Sur1'ace 

Station Ordinate Station Ordinate 

0 0 0.~98 1 0 

·i02 1.215 -1.11; 
.42 1.~0 • 58 -1.g20 

1.128 1. 7 1. t72 -1. 5; 
2·tl1 2·577 2. ;9 -2.205 
4. 8 4. 557 5·152 -2.,25 
7.~ .;21 7.656 -;. 7; 

4.9~ 10.~~ -e·91~ 

fg 15· - .608 

~:k6 20.1;1 -5.14; 
.8~ 26·11~ :§:~~~ 2 .9 i:tg~ ; .09 

:~~g ~6:&W -6.1g~ -6.2 
.976 8.~70 45.024 -6.;80 

50.000 8. 00 50.000 -6.;9i 
~5. 024 8·516 54 .976 -6.;2 

6~:gtA 8.;02 ~.95; -6.160 
7·9;5 ·9;2 -5'el5 

7 .086 ~.;7; 6,.914 -a' ~ A5•098 .515 7 ·902 - ·725 
0.100 5·;;5 ~.900 -;.~4; 

85.092 ;·999 .908 -2. 5; 
90.071 2·5;7 8,.929 -1.,0; 
95·0;7 1.10; 9 ·96; -. 71 

100.000 0 100.000 0 

L.B. radius : 1·52; 
Slope of radius through L.B.: 0.084 

NACA 747A415 
[Stations and ordinates given in 

percent of. airfoil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.189 1.~18 .81~ -i:il~ 
:~ 

1. 22 1.10 
2.106 1.648 -1.~06 

2. 1 
e·

016 2·959 -1. 22 

i·4 .4:!,1 S·51~ -2.349 

~:r~ 
5·488 .02 -2·7;0 
6'990 10.~24 -5. 0;8 
~. 27 15· 79 - .~1 

~:19! .8§7 20.402 
9.6 7 26 '102 :g:oS~ 2 .~8 10.210 ; • 82 -4.2 

•96i 10.497 ;5.0;6 :fr:lfs~ O.lU 10.499 e4:2~ 45.~ 10.12J. :it:ttg~ 50. "] 
S'r

6 ~.55~ 
~5.474 • 5; ·52 -4.;81 
0.454 l:~s ~:t4~ -4.2;5 

65· ;9; -;'l92 
70.2~e ,:8~~ ~t1~~ -;. 22 
A5•1 -;.O~ 

0.121 ;.~92 1Z:~~ :i:
M 

85.06 2.~2 90.0;7 1. 6 8,.96; -. 8 
95·015 • ;9 9 .985 -. 7 

100.000 0 100.000 0 

L.B. radius: 1.544 I Slope of radius through L.E.: 0.274 

NACA ACR No. L5C05 

NAGA 747 A315 
~tations and ordinates given in 

percent 01' air1'oil chord] 

Upper Surface Lower Surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.229 1.;05 ·TI1 -1.0;1 
.44i 1'6l9 1.~1 -l.f?J ·91 2. 5 1. 9 -1. 7 

2.104 2.9~ 2. 91 -1.92~ 
4.56 4.20 5.4,6 -2·51 
7. 0§9 ~.2 -2'~(l 
~.5 .140 lb:4IU -;. 

~.49! 1
6

.401 ~:~i ~:~ls ·50 2 .~ 
29:~ 9.2112 25· -/i.·W 9.7~ ;0.1;; -4. t 45•001 9·9 ~.999 -4.92 
0.200 9.962 e4. 80O -5·020 
45'~1 t§M .625 -5.040 
50. ~.55~ ~.0i4 
~5.4 ; 8.20 .527 ·9;0 
0.4;5 l-;24 ~:g~ -4.772 

65.;66 .;~ -4.509 
70.2,41 ,.; 

64'M9 -4.1J0 
$5.1;0 .;; 7. 0 -;·502 
0.07~ ;.295 ~.927 -2.74; 

8
6

.0; t~~ .9~ -l.g~ 9 .016 84.9 -1. 

196:g~ .481 9 .g9 -.405 
0 100. 00 0 

L.B. radiusl 1.544 
Slope of radius through L.B. I 0.2;2 

NATIONAL ADVISORY 
COMMITTEE Fot AERONAUTICS 
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NACA ACR No . L5C05 

IV - PREDI CTED CRITICAL Y~CH NL~ER8 

Cr i tlcal Mach number chart 

Variati n of cr itical Mach number wi th low- speed sect i on 
lift c oeff i c ien t f or the NACA 0006, 0009, and 0012 
air foil s ections . 

Variation of cr itic a l Mach number 'T1th lm-T- sreed section 
lift c oeff t c ient for se-vera l r:~ACP lq - series .irfoil 
sections of v r ious t h icknes Re s 

Variation of cr itic a l "1ach number .vi t h l m.,r- speed section 
lift coefficient for several 2~- ser~es airfoil 
sections of vario's thicb1esses 

Varia tion of ri tical Mach number with 101\' - speed section 
lift coefficient for several NACA 44 - ser ies airfoil 
sections of various thlcb1esses 

Variation of critical Mach number with lo' .'- s:peed section 
lift coeff icien for sever a l NACA 2:"'0 - 8er ie airfoil 

880 

884 

826 

8Pq 

sections of var ious t h iclmesses . . . . . . . . . . . 888 

Variation of critical Mach number wi th low-speed section 
lift coeff i c i ent for several Nf .. CA 63 - series a i rfoil 
sections of various t h iclmes s es , cambered fo r various 
design l i ft coeff~ci ents . .. . . .. . .. . ... 869 

Variation of critical Mach number with }.01.,-speed section 
lift cae ficient for s ever al Nf.CA 63-se1'ieo s;ymmetrj.cal 
airfoil sections of variou s th:clmesses . . . . . . , 890 

Variation of critical Mach number with low-speed s ec t i on 
lift coefficient f or ~leveral NJ..CA 63 - se1'ies a:i rfoi l 
sections of var ious thiclmesses J ca1Jl.oer ed for a desie,l'll 
lift coefficie~t of 0 .2 . . . . . . . . . . . . 891 

Variation of critica l Mach number v!i th 1OT..,- c:peed section 
lift coef fi c ient for sever al NP.C.'\ 63 - ser:i.es airfo:U 
s ections of varj.ous thiclme'3se G) cambered for a des i gn 
li~t coefficient of 0.4 . . . . . . . . . . . . . . . 892 



NACA ACR No. L5C05 881 

Var iat i on of cr i t 'Lcal Mach number ,.,i t h low-speed sect.ion 
lift coefficj.ent for two NACA 63-ser ies airfoil sections 
of Cl. iffer ent thicknesses} camber ed for a design lift 
coefficient of 0 .6 . . . . . . . . . . . . . . . . . . 893 

Variation of cr itical Mach number with low- speed section 
lift coefficient for several NACA 64-series symmetrical 
air foil sections of vqr ious thlcknesses . . . . . . . 894 

Variation of crItical Mach number with low-speed section 
lift coefficient for s ever al NACA 64··serles airfoil 
sections of various thicknesse s , cambered for a design 
lift coef ficient of 0 .1 . . ... . . ... . ... 89413. 

Variation of criti cal Mach number \'ii th low-speed section 
lif t coefficient for several N.ACA 64- series airfoil 
sections of various ~hickne88es , ce~bered for a design 
lift coefficient 0 ~ 0 .2 . . . . . . . . . . . . 895 

Variation of cr itical Mach n1.W1ber 1,ri th 10yl-Speed section 
lift coefficient for several NACA 64- ser ies airfoil 
sections of various thiclmesses , cambered for a design 
lift coefficient of 0 . 4 . . . . . . . . . . . . 896 

Variation of cri tical l-1ach number vli th 1m-I-speed section 
lift coefficient for tyro nACA 6l.j - series airfoil sect~.ons 
of cif~erent thIcknesses , cambered for a desiGn lift 
coefficient of 0 .6 . . . . . . . . . . . . . . . . . . 897 

Variat ion of cri ti ,13.1 Mach n'J.mber ,,,i th Im-T- speeo. section 
lift coeff i cient for several NACA 65 -series symmetrical 
air foil sections of various thicknesses . . . . . . . 898 

Variation of critical Mach number ,.ri th Imv-speed section 
l ift coefficient for several NACA 65-series airfoH 
sections with a thickness ratio of 0 .18 and cambered 
for var ious des15n lift coefficients . . . . . . . . 899 

Variation of critical Mach number wj. th low-speed section 
lift coeffictent for several NACP. 65 - series airfoil 
sections of various thicknesses .. cambered for El. design 
l ift coefficient of 0 .2 .. . .. ..... . ...... 8100 
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Variation of cr i Ucal Mach number with low- speed section 
lift coefficient for sever al NACA 65-sertes airfoil 
sections of various thicknesses, cambered for a design 
lift coefficient of 0 . 4 .. ... . ... ..... SlOl 

Variation of cr itical Mach number with low- speed section 
lift coefficient for several NACA 65-series airfoi l 
sec tions i-1i th mean line of the t ype a = 0 .5 and 
cambered for a des ign lift coeff icient of 0.4 .. . Sl02 

Variation of critical Mach number with low-speed section 
lift coefficient for tvo NACA 65- series airfoil sections 
of different thicknes es) camber ed for a design lift 
coefficient of 0 .6 . . . . . . . . . . . . . . . . . . . 8103 

Var iation of cr itical Mach number with low- speed section 
lift coefficient for two NACA 65 - ser i .es airfoil sections 
wi th mean line of t he tY.Qe a = 0 . 5, ,.,Hh dlfferent 
thicknesses, and cambered for a design lift coefficient 
of 0 .6 . . . . . . . . . . . . . . . . . . . . . . .. . 810 1+ 

Vari ati on of cr itical Mach number i-ri th lOi-i- speed ' ection 
lift c oefficient for several NACA 66-ser ies symmetrical 
airfoil sectj.ons of various thicknesses . . . . . . . . 8105 

Variation of critical Mach nu.mber with lOv1- speed section 
lift coefficient for several NACA 66-Gcr'es air foil 
sections of var ious thicknesses , camber ed for a design 
lift coefficient of 0 .2 .. . ........... 8106 

Varlation of cr j.tical Mach n1Jmber with lovr- speed se::;t::'on 
lift coeffic :L ent for tuo NACA 66 - sertes airfoil sections 
of different thicknesses , crufibered for a design lift 
coefficient of 0 .4 . .. ' . . . . . . . . . . . . . " . 8107 

Variation of critical Mach number with low- speed section 
lift coefficient for s8veral NACA 66- series airfoil 
sections "ri th a thickne s r atio of 0 .16 and cambered 
for various design lift coefficients . . . . . . . . 

Var iation of cr itical Mach number with lOH- speed section 
lift c oefficient for sever Ed Njl.CA 6 - ser ies airfoil 
sections with different pOSitions of minimum pressure 
and var ious th i c}messes, cambered for various design 
lift coefficients 

.. 8108 

.. 8109 
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Variation of critical Mach number with low-speed section 
lift coefficient for two-NACA 7-series airfoil sections 
vith a thiclmess ratio of 0.15 and cambered for different 
d.esign lift coefficients . . . . . . . . . . . . .' . . . . SllO 
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Low-speed section lift coefficient, c~ 

Variation of critlcal Mach number with low-speed section lift 
coefficient for several NACA 14-series airfoil sections of various 
thicknesses. 
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Low-speed section lift coefficient, c L 

Variation of critical Mac~ number with low-3peed section lift 
coefficient for several NACA 24-3eries airfoil sections of various 
thicknesses. 
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Low- spe ed section lift coefficient, c~ 

Variat i on of critic al Mach number with low-speed section lift 
coeff icient for several NACA 44- series airfoil sections of various 
t h icknesses. 
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Low-speed section lift coefficient, c~ 

Variation of critical Mach number with low-speed section lift 
coefficient for several NACA 230-series airfoil sections of various 
thicknesses. 
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Low-spe ed s ec tion lift c oefficient , c L 
Variation of critic al Mach number with low- speed section lift 

coef f icient for seve r al NACA 64- seriee symnetrical airfoil sections 
of vari ous t ~i ckne s ses. 
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Low-speed section lift coefficient~ c 1 

Variation of critical Mach number with low-speed section 11ft 
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thicknes8e8~ cambered for a desi gn 11ft coefficient of 0.1. 
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Low-speed section lift coefficient, c~ 

Variation of critical Mach number with low-speed section lift 
coefficient for several NACA 64- seri es airfoil sections of various 
thicknesses, cambered f or a design lift c oefficient of 0.2. 
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Low- speed section lift coefficient, c
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Variation of critical Mach number with low-speed section lift 
coefficient for several NACA 64-series airfoi l sections of various 
thicknesses, cambered for a desigP lift coefficien t of 0.4. 
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COMMITTEE FOR AERONAUTICS. 

Low-speed secti on lift coefficient, c L 

Variation of critical Mac h number with low~3peed section lift 
coefficient for two NACA 64- series airfoil sections of different 
thicknesses, c~~bered for a design lift coefficient of 0 . 6 . 
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Var iation of critical Mach number with low-sueed section lift 
coefficient for several NACA 65 - serie s symmetrical airfoil sections 
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Variation of critical Mach number with low-s peed section lift 

coefficient for several NACA 65-series airfoil sections of various 
thicknesses, cambered for a design lift coefficient of 0.4. 
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Low-speed section lift coefficient, c L 
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Variation of critical Mach number with low-speed section lift 
coefficient for several NACA 65- series airfoil sections with mean 
line of the type a = 0.5 and cambered for a design lift coefficient 
of 0.4. 
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Low-speed section lift coefficient, c 1 
Variation of critical Mach number with low-speed sec~ion lift 

coefficient for two NACA 65-series airfoil sections of different 
thicknesses, cambered for a design lift coefficient of 0. 6. 
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Aerodynamic characteri.tic. of the NACA 1408 airfoil section, 24-inch chord, TDT te.t 817. 
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Aerodynamic characteristics of the NACA 23021 airfoil section, 24-inch chord; TDT tests 548 , 549. 
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(J1 -Aerodynamic characteristics of the NACA 63(420)-517 airfoil section, 24-inch chord; TDT tests 251 , 256 . -.J 
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0.20c simulated split 
flap deflected 600 

R 
"iJ 6 )( 106 
~ Standard roughness 

6 x 106 

Aerodynamic characteristics of the NACA 63 - 006 airfoil section, 24-inch chord; TDT test 947. 
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ILl I I I I. 1-i-10.20c simulated split 
flap deflected 600 
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Aerodyn&1ic characteristics of the NACA 6;-009 airfoil section, 24-1nch chord; TDT test 931. 
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Aerodynamic characteri.tics of the NACA 6,-206 ~~r.roil section, 24-inoh chord; !DT test 962. 
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Aerodynamic characteristics or the NAC4 6~-209 airfoil section, 24-inch chord; TDT teat 951. 
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Aerodynamic characteristics of the NACA 632-615 airfoil section, 24-1nch chord; TDT te s t 926 . 
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Aer odynamIc char acteristics of the NACA 6;;-218 airfoil section, 24-inch chord; TDT t e st 9;5. 
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Aerodynamic characteristics of the NACA 6',-418 airfoil section, 24-inch chord; TOT test 925. 
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Aerodynamic characteristics of the NACA 64 110 airfoil section, 24-inch chord; . TOT test 821. 
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Aerodynamic characteristics of the NACA 64- 206 airfoil section, 24-inch chord; 'IDT tests 8;4. 889. 
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Aerodynamic characteristics of the NACA 64-208 airfoil section, 24-inch chord; TOT t~8t 932. 
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Aerodynamic characteristice of the MACA 64,-218 airfoil sect10n, 24-inob chord; 'lD'l' teat 792. 
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Aerodyn~o oharaoteristios of the MACA 64~-418 airroil seotion, 24-inoh ohord, TDT tests 728, 7~5, 7,6, an~ 8~9. 
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0.20c simulated 8E11t 
flap deflected 600 
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Aerodynamic characteristics of the NACA 64}- 618 a1r.foi l sec tion , 24- inch chord; TOT t e.t 796. 
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Aerodynamic characteristics of the NACA 644-021 airfoil section, 24-1nCh chord; toT test 795. N 
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Aerodynamic characteristics or the NACA 644-221 airfoil aection, 24-1nch chord; ~T test 190. 
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Aerodynamic characteristics of the NACA 644-421 airfoil section, 24-inch chord; TOT teste 687, 791, 727, and 842. 
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Aerodynamic characteristics of the NACA 65 - 006 airfoil section, 24- inch chord; 
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Aerodynamic characteristics of the NACA 65-009 airfoil section, 24-inch chord; TOT test 838. 
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Aerodynamic characteristics of the NACA 65 - 209 airfoil IDT test 827. 
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Aerodynamic characteristics of the NACA 65--210 airfoil section, 24-inch chord; TDT test 828. 0 
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Aerodynamic characteristics of the NACA 652-215 airfoil .ection, 24-inCh chord; TDT test 797. (J1 
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Aerodynami c characteristi cs of t he NACA 652 - 415 airfoil secti on, 24- inch chord; TDT tests ~l~, ;18, and 916 . 
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Aerodynamic charac teris tics of the NACA 652- 415" a 0 . 5 airfoil section , 24- inch chord , 'IDT tests 405 , 412. 
~ 
(J1 

01 
r-' 
(]l 

t-' 

z 
> 
(') 

> 

> 
(') 

;:0 

Z 
o 

l' 
(]l 

(") 

o 
(]l 



A "2,) 

H-t-...-+-+---I---1-l- 0.20c Simul~tedl s:lit I I I -I:J±I I I I I I ii, I t-f.~1~" I. : I :,.I !~I~~ ;tYJ' 141 I ll. ~~ I !':, 1 t 1 .:*,~ 1 1 1 1 1 I I ; I T 1 :: 1 . .1 I 
flap deflected 000 

_ I '" . .. ... _. f'-

w 6 ~ 106 I i ;: ;7!'~ - '~I-['I~; 1 1, ,,_ 
V" st6~a~g6roUghness 1:n~1--- ~ ....! •• • ;i" ""::> :"':"'1 r 1-+ 
-l I -rl t-I-~ ': ~~~~It,' :.;~ " 

I"b ~ 
.... 

,. " ••.. 1" tttl-tt l-tt 
""1 

,'\"."'- 1--
1 p 

. .w{-W-1 
~ ~ 

1-1- ~l-lfU ~ .. /-0"" n~ 

mMlI 'I .. IIIED rz It--# "' W - I~ ;. 1.\ R 6 
~.!#+-+----+ 1- . . ......... ., ,09. 0 x 10 '- I I· 

1 .. - - . ' I'l O. 0 "hili I I 1/ ' , -+- .. llI jl, b- . 03 . 0 
I ' - - ""w-- .~ :!'" .~ I r : /!:, Standard rguglmess 

.1 .1 1) l,I;l ' ~ . '-. \\ 6.0 x 10 , t"'i ~ I lfTTTTTTTl I I I I I d ' IP fJE ~ I -I" I r ' I I-I I I I I I I II 1"- IX'"" / l\!lr TTl II I I I 
II . /} l i!I~ 1\, .' - i. .I\ 1 1.1 " 1 1 1 1 1 ..1 1 I , ~J I I I I I -H--i ;,- w ~rPfl\. I :l,' c\,. , 11. Ii '-. :1Tlll1 J 1 ~ 1.1 Ji .s} b11f 

8f+ I+l-+-~+l-ffN44j31kl l l;'I I I \+\mJ- 1 ILl t' IEU4 l J4#·I··1 11··11 I-H 
letl .1 1 iT llTt-; ll l . ' -Hjf-I-+l ++'~ ' , , ',' , , , , , , , • . 

IHI': ~.I .. ' . • ,.0 < ,,6 ~"n +++ _.", 1 --Jl ~ 6. 0 -+'--'" T - ' l .. l>t tt 11 t 
-t= ± i ' "Il .,- It l-+-+t HJhH- ~ §.o r !{l- t--,L J II . - & -, - t I I.~ -
10-' I .,.j ;:t- i ' .lJI'--' '" ,~, .... , " -->--~~ . " ,- , '"' n .. ....:.J~ ,m , , ,,,. 6. 0 < "Z-..• ~-4' ..... '" . J I T.I r; v-I r t ~]' 11 1 I t i l l" '-+-.. 1...'. ... .. . ,-( ~ T I l lU I ] ....• J + I ; J. J I~ - .;.;. 1 1=1 ~~1~ 1 1' ~'\I~ ,T "i -li.,.t1JTI1~ , .. -, .. I i I I l Tt --t ~ l+H±±J+! -J=m 

~ 

;~ f--+-+-~ r t t t t dim dl i l lifl ill I rTl'G!fiit l ld lid Id:l l ld I Jnl ;!;: Idid! 1 1 dl l I I I I r 1:1 1 I 1 I-'-!tIi I J I I I I I 1-1~~ 

~1-4 1+ 

~ H + -
j- I H--4= 

H H--+-

1-+ I ~ 

-

:41+t+i"ftJ I TticfJJJ£IJ1ii-ihE£1 i~&I?PHlddlll l-- l d]lH,~dJl[ldlnftl ·diJ:flJlitJ~I};Jddtl·rJ ·1 1 ~+l+f6 o 
I I I U I I I .J.I J I I d I .I I I I l Ir r:r:::r:;J Id . ..! I!/;: I I", l , iI ::, ~¥T LFL LT I ". 1 LLl I [ I 

Aerodynamic characteristics of the NACA 653-018 airfoil section, 24-inch chord; TOT test 813. ex:> 

z 
:> 
0 
:> 

:> 
0 
::0 

z 
0 

L' 
(]1 

0 
0 
(]1 

(j) 
I-' 
(]1 

I-' 
Pl 



I 

l 

[ LOOO ., 

r - -- ---- - - --

I · 
781 ~ 

Flap I'e-tr-ac-ted 

.~ _ _ _ rFlap pa+h 

~ - c- -~- -t- -1 
+ \ I 

~
-r-~. Flap de-

\ fl echon 1:_ 

.B7S - ---------- 1 \ ,...,-

~ Flop pivot V / 
I • N hom 45° to 

.806 I . \ 65° deflection \ 

Flap deflecied 65° \ \ 

(a) Conf i guration. 

+ 
Flap PIV~ 
0° to 4'5° deflection 

NACA 65;-118 airfoil secti on with 0.;09c doub le - slott ed flap . 
tlATIONAl ADVISORY 

COMMITTEE fOIl AERONAUTICS. 

Z 
:El> 
-() 
-11> 
I 

0') 
'il 01 rUJ 
l>.!. 
"'U -CD 

(f) 

~ 
(]'I 

~ 

z 
» 
0 
» 
» 
0 
::0 

z 
0 . 
r 
(}i 

n 
0 
(]'I 



~jJTt:-r.-LTTTl ' i1-'f1-. .. ' '' ' ' ' ". 111'1'1"T11111 1 11 ... 
, I .., "1 I ' l II I · V -:J ,0 I I! I I I I I T " , . 

~ _"I. I '. I I v .:, t:);i?:"LL J .. 1 I E rr l J I I L l I .. I I .J dL1 Jc .J J . .J I I I I .l. , 
,:;~~...- Of I / . .~ I .1 1 , I ' I I I I I 'It . T I: J I I II . <} 

. ( de g)+'. I V . ....,, ' 
~ - 1- 10 ! . " I ' l " ,... . .. I 5f 

IY 

rv . " 35 , . . r+ -. 
-+-++-'1' '' 45 .;t., 11' ' "" ~ " "' .J .J ..1 1 1 I I I 1 I)?TII 

~ 55 . '" 0 ' 0 " , .,'. 0 0 riI Y / ," " 

(de g ) I I 171 I I' I 1 : 1 1 1 :/1 · I Y 1 I 1 , I 
--1 l_ I 65 - II ~ \ . , .. - .... ... ... . I'J 10 .., "'--R 

i ,- .; ... ". 0 20-: ~'[C, 

I--Lr ~ H- . +- II /, lL ~ ~ . ~ . . ; . ~ _ 5.". Jt;r' kif 
I I . I \ I 0 ' I ~ fY I 1/ " , 

I -tl-ct--r- - 1tIP . 1/ Ll . r.r- r- 2 . .. " .L . b LfJ::-, , 1.0I
y 

J,d"1-L 
I .., I' ~ . I I " Lc "' r" VI M I I.. . , 

I -1- I-t- -l ImlL I~it L f-'- \f \ .. J g . I' kif.; .. , .Y II I I I ' , , 
I , r v A -.L .' ~ In . V I I I I 

.~ .. -+ V ~ Ii lfo-t:-! 1/ D,~ ! ~ k:::r".':. h i ' , , , 
~ • Ii' I I ~ I- .1;[ " "" . 1L If. , ·.Jl 

o 4(: , . II lL.cL 1/ J . IU..' ,, ~ ' . , I· . 
. ' I _l ITH r X" , P" ~ ~ f'" ~ ~T I 

+> 1 I Ii '/! / If -'{, \1 0 ,\ ,,,- , I .l N . 
~ * " 7 II t 1: T 1- p r J "" , . ~ ~ I .0 a. I -1- -1- +i"ff I 

1 S t-- t /+ 11 :; 1-1 -11 . tt ll . ~~ 'f,,-- I ~ . + 
g io 1 1/ A+f !. fl i lt ( ~~ g ) =." , i I I I I I T I I I I I I 1 T I :-
~ -+ Jf l -,t !~ t ~-i -l- Ili-.LL 1.J .J. U .J _L .J I I I 

FtM :tl ! I ~ 
I I 1 f Dr 1-+t1.~-:::: r rTn. 16 Kt--o 0 I I I I I I I 5; 

I I j I.{{·' d 1 ' ,1; 0 1 0 
§ ! r if Ir 'f ~ 0 20'::: .." t ' " 
~ , 1::;; 11 / j- . 11' II' 1/ i . 0

80

1 
., ' ~l J J.. I ...J A A.d-+ ~ I I I I L I I I L I 

ell II'. iiI,..O . L ' . I~ . ~ . ' . ~ . . w . . COMMITTEE fOR AEROHAUTIC~. '. I 
. ~ .. ~ - V :I I I J t-- ~ T. c'- Nj z-r ,-. . . " - .- - l--l 

- jl ~ J [ IT 1(1 It j- ~ '- +' I' r 1 .• 1 ~. i P'-' ~ r-~t::::b -, ,I- ~vr= -
f '"}' ~ J I '.. .... : ' - _~ 3.,... h , I .L .J.± i I~r- ! ... ! ~;.. 1" . ~ J r + 11'"- t-.,. - r g . - r- f-'- ', ~~J.-rl;;f:. c'-I- .. :I ., ~, T :; =E 
, 'IJ! /1 . U " . I +'" I---j";- I c::-r . I ' ~'L - - - I"::::~ , -i 

z 
~ 
):> ±fj t'!- .IL c .4 t . . l_lJ~. ~_ r +> I' I'- t-- " I~ ~ . r-::~ J . LL..c..1- 'r-I- 1"Si:~,.l '. ,. _ 

t . L . ~- ''f j b'~+ ~ -" ! H-r ': 5?1:F~Rt:-~bl tl-- r -f-1- I 'it- ' t J ~ I 
" , ~ j{ 'I " ~ t !- " I·,"*" " + 1_-' I""r-- ~ I -" . ~ I ~l--- + r ~ ~'--r .:p: . ft>~f-l.. 1",1 I . ;: ~/ ' 0) 

: LLI TI . 1; I 'I:. J ' 1 1 11 ' r /" .. , .... " r Ii I T t r 1- J . ~ ~< -n (J1 
rl J:.·:~L -: 61 - I I l~ I z I I i -'.· _ ' . I I . -h.. . 12 11 6" 20 1 2 ~lj j..2 j.J , ~ l ~ : rUJ r I j I ' I Secti on ande of attack , Cl

O
' deg I 1;]1 t I ' -"j-- Se ct ion 1 1ft coeffiC i ent, c

L 
.!i ):> I 

R, 6 x D 6; TDT tes.s 399, 1;35 , 452 , 4 60, and 462 . -u -
;IACA 05, - 118 ai r foil s e c ti on wi tlt 0 . 30'jc couble - s l o t t e d 1'la;:. . 00 

(b ) herOCl:,,,a.ni c c haracteris tics . en 
I-' 
U1 
CN 



-~-~. 

0.2Oc simulated spl1t 
flap deflected 600 

R 
'U 6 x 106 
W' St andard6

r o\l8hneSll 
6 x 10 

Aerodynamio charaoteriet~o. of the NACA 65~-218 airfol1 .eotion. 24-inoh chord; TDT teat 8~o. 

Z 
1> 
0 
1> 

N -en 

Ul 
t-' 
(J1 

(J:I 

~ 

z 
:x> 
(j 

:x> 

:x> 
(j 

::0 

z 
0 

r 
CJ1 
(j 

0 
(J1 



c 11
1. t l l L L 0.20c s1Jnulated split " I ~:-'. ~. '~,;. I;! :11.111 I I I I II; I I I I I I I I I 

Ii· 1 I flap deflected 1>00 '\ ".:" ... ~"I' '1:' "' 
f--'l J I. I T R 6 )' .1 :, '"'i:~ ~ H .. j:'.. i'- II 1..11 

"JJ. w 6 x 10 'Il .0 " V ·T·'; ,"" I f--r-+:J. I I ' I I I , II ' . I I I " I 
11' Standard6rOUghne ss _ i£ .:: ' .. i: I'- ~-I ~ kli J .1. J .I t. I I I I· I' I I I I I I 

6 x 10.\ , .• " ,c -\ I . 1.1 ' !-+-

I-+--f-H II I hl]11 Jfl+·H I l ll ++41+H-+1 111111111 .. I H·++f l l ,l ll,J~ :I :~~~-G1 1 1 1~1 1H4IT I I I 
1 1+-1 I.., l!. -H+ l-+-i ' ~ 

f-+ I-H++f-H++-
/ 

1-1·1- ,:;¥'.+++-+-+ 

I I I"rl I I ! I I I I I I I I I I 111 I I 1 1 1 1 '~---r~ 1 1 1 14;lll '" ~~+-~-H---+--t-+-+-+-+-+--H-m'-+-I - ~~r9ifT·::"·"··' ''' - > .. ~ 1,\ 1:1: 

H-ltl+Fl+·++++-H FFff/ l-H 1:· I I .. I~.ffAI I" I I' I TI ·I·· I I I I I~11 ! li~~·;:~#4ItI I I ,I, l r l 
~f-+I H-:I{l i-+ I+~ 8 i'" "'1110 

~ I.Il.. I:,c{ .1 
I- t 

1 

,1\ ,·HJ J I I JI .,.,f d II I .1 ~ j '] . il2! III I J1JLi XJ.Y ~ "Ji'il T: ' .± II .L I VT.L1LlLX.Ll .l i+±i.±J 
t--j-j- I!rr j~ :8.,- -:tt"MI I I 1 ' I~ ... I I~JlJ..l~_p .. Jl,f'~ I l J .. 

~ R 6 '" ~ "1' 1' ~ IE 

rH 
~1 m~l-

._- +- J/ d ~ 9.0 x 10 ... 1"1! l>I 
~ [;J 6.0 ~"i-c.iJ -' 1 IJ.l I I M t l J I ..j I- t-t- -t--r- ~'K.+' 0 3.0 ghn ......... ~. 1 11I I I I 1' 1Ff I I I I ~ e. Standard rQu eBS ' - .. : •.. ~ l=rl' .1/. . J.9 6.0 x lOb . I "'1' . 

I·g ... ~I~ 
t. r-t-t- . !II 1 ._t--I- -r t-- :P J:"N: ltll IT'I: II' , 

I H'~ I -Fltl .. !;: I.I" 1 ++++ 
" 

Z 
1> 
C) 
1> 
Q) 
Ul 

()J 
I 

~ I 

~ntrm I tl tfm f __ ttrtmmW1i!lli'I~I!mmltl"l l lllllllll'.wd 
I~ IT I ·11 TI H+~ ;t H Vf l +H + hHicf-f-HIH·f rf-HHH·++lllrl 4Iqlj' lrt l d~m+I-+++ 1IIILI.I.h 

I-ij l t l -l-I j I I' ~ ++'H-~H+4~ 1 +·I·ll++-H-+ I ri L++I'i+1"t~HLM~~If1·i·~I~A~TL-

..1'. 

.f' 

II ~ 

~iH 

.. 2 -.;lJd~ l~ti~U tlaL.1 ~ I .~ ~. tl12~ :lfHl=!1~tnilrtflrll*td4ij~~ I~~ii~ Jdflil~j2[lf61 P I I '. . . . '. . .. . '. .• , ,. L...... _.. ... . ...... ,. ~L' ". ".. . , 

( 
, • '... C ' " .. ··-t'" . .. . ,. ", '.' 1+,,··1 l'i,Iif;T " T I I 1 1 1 

L 
..... ,.....;.: .-1-- .. - .... ~ -.,.:~:,+= . .:~ ,,,.;: -l;ll.~. ::".;- -;;''' , .. d,l.. , .. ,," .1· .. 1 . .:..1= 

,.j . .. . . . 11.1 ,Ii ;: ill: ,,' 'I 

I .. Cl 1. / . ., ' ~.. +.' ,.. ,. a.c. position 8 .. ... T'< \iff- . ""If'-.. . /', ..... , ~ = ..... -- ', .• ,,,- .:; ::: .. ... "., R x/c y/c 
. . .... ;;.. 6 mE; 

1 ;:11 . "-, '" , .. , ,,;:. ':: ~9..0 xlO .2 -.060 . 
- - .. V<;ZO "-'- -",- '-.' . .. ............... ".". -c .. ... [;J 1>.0 26

5 
059 I . I'· , ~ . .,~. .. • 6; -. -

1- 0.20c s1mulated split T L ,,!;: ~; /': ! 0 ,.0 .265 -·090 
~ flap detlected 60

0 /1 . "T'" Il "-- ,,'" - .:1" r 'I: 1 'r l i -I' if +- I 7!-+ .. I :-. 1" R . .1 ,I NATlON.t.l ADVISORY 
'<'l 6 x 106 l +t L .... - . "'" ± . __ ~ d .\ ''1-0"-1':'+ ... + ,',., "ILt.' J I T .. JILl COMMITTEE FOIl AERO. ~lUTICS 

I II II I .. IT 1 T r r lT III ~ I I I I I T t . II 

I I I I I' 

Aerodynamic characteristics of the NACA 653-418 airfoil section, 24-inch chord; TDT tests 314 . 320 , and 891. 00 

z 
> 
o 
> 
> 
o 
::0 

z 
o 

L' 
(J1 

o 
o 
(J1 

(J) 
f-' 
(J1 

II'> 



,-

H --~ ~+-

-R 
i 

_L , 
- ~ I r 

~ 

I 

I 

I I T 
I 1+1 ' I--t 

-t 1-\ b 1 ; 1 I: t 1 ~ 1 r 1 '· 1 T 

~ r2

1 i I :1 
~n:t 

In 

ill:1 

en 
I--' 

1111nllll ~ 2:l+h'.'~ : 
H 

"'I 
a~iP'!Ii-~ 

-!-

H:-

z 
l1 
l> 

~ -

z 
:> 
(') 

:> 

:> 
(') 

::0 

Z 
o 

Aerodynamic characteristics of the NACA 653-418, a 0.5 airfoil ssction, 24- inch chord; TDT tssts 406, 433, 411. CD 
L" 
01 
(') 

o 
01 



0. 20c s1.mulated split _ _II III :L 1 1.... ' '" I T '--r~'+'-f-+-+'+'-I 
H-+-+--HI-++ na.p deflected 600 iT ' 

.l- f-.- R 6 ./l::-!; tf' " J..- t- '~~ri-H-t-++-+-f"-f--'-+-I 
VI 6 x 10 l4l i 'I l.r. . , 

f- ' " IP Standard
6
roughness ' /.. I'-r-. -- ._. , I-

H-+-I-+-,i-+~I,-._ 6 x 10 " 
H-l--l-I-J.'-l-+ I '-I- I ~ I \X~ I" --r jCF ' I--

I--I-!-I-- l -t- I~I-- _f-.- J./ f- ,_ ~ I.... .: "" '" ''I, I¥" -!-!-

I i -r~lf' -'t . . ,.. <) 9.0 ~ 10

6 ~~~:aiti.tt±j±~ .!l0~ : B 6 0 + f T V2 1 l,f>t;;in" I ~ " . 0 3: 0 '-.;; 
(j -r b ~ ", 1 8. Standard rguglmess *11 ''-f'.m''f+/ ''-I:--H-+-+-+-l 

1; T Lf-.- -'- ' ... +-+-+-+-+#1 :p,~ _!-~ I \ 6.0 x 10 u..-r4 l-if1H114-H,.-++-l ... r II ~ ~~ 1'\ b .,. r ,-"--,,,1\..'" 
1- -t tee I f'--!- - ~~ I \ f'\. ' ,\. 1\ f 0 11 - ~ . 

i
l
,.. L ~ I --Ii L ~H , 1\ " .. IT' 11 

... In IGi R 6 Ib I'\.. I A -

1 .:: ":1=- III w< <) 9·0 x 10 I p ... .1 ,. I\- 1\ :, I" lA J..-~ l "j~ 0 6.0 ~' l~r= =j-T:H"++=~f'..~t·"l-;;t'e+H~+-f>"Jb+A-f'l'FI4+H-4+-H-i-B-+-J-.. 

H. 0 A ~ t---. 0 ,.0 
~- !- f-ti A Standard roughness H"9-+-HHoT¥H4+-f"1'.~flhr~ft-...i4-;,k-IM+¥-M++-H~II-tl-H4..J-H.,-j--H 

. ' ''' I ,.IIl- Vi i 6. 0 x 106 H-i1~H"++=H+f-l4+ptl1F-¢i' f!k~'~' J;,;;'..~H+-H-++l-+-illl.p...4++-l--+...J-H 
1 - ::- , _. H.... f ~ fc.". -'-,. H·+++f+44*H+4+B-+I"'+~f.(~YMhhM+I-,-fit4-c-~c.J=.l44~J.-l-l 

r! ilL 1 Il'--~ t, ' ", 

i.::t ~' J f-.- .!::if- -1~~ -~ f- "'- 8- ,ii 1;;".iJ 

p.0 I ~ -R~ - 1-. ' 1, ;;"I"H I , 1--1 .... -'-,. 1-£= 

', $ , - " c -'-iT ~ kJ "",i"-' h "" , , ' .. ....• .,j:, z » 
() t r +t' 1-"\i,_~=" , ... , ~ '" i',,:+" ,.~,~:,'~~2.~i:;,:'~'I~~'t , 

!! • "I, ";', • W< " , , !B~~ i 

~ 'F .. f- .U i-e- t~ I\q~ 1 f- H· ,.- 1- ~h!- ';'" "!" jii', ~ . ~ , " I"" IW .. : ii ii: ;" -:r 
~ - J . 1- I 1- "I- I ~ -[_.+-,. ,"': ~~fc.". ..1 _. i., ,.., .. ,. I. I 

r~ "-j:;jI·,-tT;fr.!zt++-H++H~++-jH-++-H)I':..j-+-f."4· '::""H-++H4~+df.,.l.-I--hW.,..;'g"'¥.W-l a . G. position ! T 
:II f-.- ~ f.,.. r.~ ~~ PH '::~~ " ''': <) 9 . 0 : 106 .~~ _.~ c. NAr tO~AL A~VtSOR~ , 

!-!-_ 0.20c s1.mulated split lI' . '",: B 0.0 .274 -.035 ,COMMITTEE fot ~ONAUTICS 
!'lap de!'lected 600 .. 0 3. 0 . 275 ~.044 - , 

.. ,,'= art, .'. • R ./ ,,,,. - ~:l ",." ! =, ~ ~~. 'U 6 x 106 ------+--"""., r- r l '" -r .""! . .", .. ,;. ..: 

r+~f_+-+- j . ..j.4:., l .. "l+-: 1 .I;,LII L II T I I-_( ,-'H., i.t L1.i ", lLio :, . ' !;~,,:'" ~;~;,:, II ' ' Ll< 
'T I I ~,.,~d'ft l a;i.,,1 ~T n~ , ..... ,": (;o IL·.·.:". L . I'll '" ., k :if .. ,. • ..: 

1 I .1 ~rL.L 1 ,',_ ':L ~,; .""-~., :.: '.b _: '" .!J: .. ~;JH ',4;: .;;,6.";.' ,,;...; .:" :j,'. .,,' "t 
Aerodynamic oharacter1atica or the JiACA 65,-618 a1~011 aection, 24-1nc;h ()hord; '!Dr t •• t 802. 

» 
()) 
(Jl 

()) 

00 

z 
> 
(') 

> 
> 
(') 

::0 

z 
o 

L' 
(]1 

(') 
o 
(]1 

(f) 

f--' 
(]1 
(]1 

III 



n: 

,11 

;~ II t I j 11111 r III rrlll rp~ ~ ' ';" ; "::~ ". ' '. • ,', ••. ",i~ Iii' ", .,. ""';;"1' ;;;S) : r .cc. ~i • i .... : ::<:; :j;~~;.:"", ' J'"='~!: 
!~Y-I "'n'" !~Eh 

"L' 

11' n I!'I I H i;'h l l l fi.I +" !·k I 'rt4rl f[ 

~ 
I"c" 

M" E 
I:,' p.:, '" HE " 

p I j. "-,,,U p Ir' I4I'~I::r l"l#t,"' If',r1'L,;" ITSL 
P' 

I '" ET ':+ .J~'t"'IcTl?I"'t~ 

", 1":1'" 
IA 'j; 1\11 i I I I Am'I~~ itd:::I ,4d +,' 1" 

H+l:l~ 
~ 

1'" 
)--!,..l'I' 

J'Sh. 

FTY 
r;n 

1;;, ~ 
"1-" F 

J7Gd'i'i:f. P.. rJ::): 

ITIJ r' I '~ll .trr b' ;::.:.::-::::: '; .. ;;:.-"":"::_ -;":0';'= .:;: 

u;;ttilEt I, r I·' I A Pl~ 

I " 

F 
FfTT'rrr~rL~H-4-- -,.- :,., r 

I:i 
1",1 I "1~91 ... 1 ~' I I~ /~I/' ~ ~ f.o.~ , i'- ,~, ;'~I:~ .~ ,: ; ;;;: c i!;; H~~ i'~ '", I 

~ 1 

o 
El 

6 " V'i , !p , ,~ . ii' ~ .. " .:;' ~c: t \ .,' "" -. I 
~ . a x 10 ' '1tr~1Y f'-,. ~ " ' ," .: J 

, 3:g : ~~~ , . , ' ~r- , ,'I. . ,, " I ~, ,T 
{}. Standard rouf5e,ss, 0' 1-" !r, " ,~ I ~ I ~ I , 

6. a x 10 ,19 ' f!< ,", " , " I '\ _ fl ' i 
'r-r-T' ' ,I-.. "',.., " 'G c ' ," ~ 

o 

I" 

I~ I .. F h 
G .k' hlffTE]]IH±llIIJ4 Jl~ II HdJ Il l·'Im;'8' 

, , 
I-

I,: I , l 'iU~" y ~o 

HHf-ll l ,1 1:1 HH--+-Pj 
€ ITF.f.lffml,I I :l I.I,jAH l l lp' l T: I T ,I J I' T 1+-1,1, 11: 1:-1 1: 
~llff-ITrTTI\ I,L l } 

I, I ' 

I€ ! t 111" l1Tn- ~ 
iI-flEi: 

Ji 110 

o 
El 
o 
t. 

R ~r:-r,-» 

F 

~ l ' r I' fFr++FFI·I I,l7f I· ll lpl J:·I I I I I I pi ! ' I f l l l' l' JjLl fl l l l:I:YI I 1<I 'i: l,pl:'1 I I"! I l lnl I l l. I I .1. I I W 
Ii t ~,lfFDfH fl ~+-17+++++I-+ffFfm fl,-FTnTr lti f fTII l l 1 ¥ I '~ I ~t1Si! I~ T 'i RF ~! H' I~ 11,1"'-+ H thH+1-+ 1-+ --l-- ~ I I 1:'1 I I I I I I , I ' !.'I; I I I 1 I I ~ 

:; r a.c . position 1".11 I I I 1 I I I !, 

~ 

r;: 

i L , +-11-- + t-. .J ~l--t-H -I- +t , ~ 1":1--1-- R X/C y/c ,"'I ' I , I . 1 I I. ' tl t"'\\ 
• -~ , 6 _ 26 J NATIONAL ADVISORY -l t-' 

~ ''', ~ ! -+ rL +- 1--'- + - 4· !-L t I.......LI'-l"-"-"'-'I--r' 0 96' °0 x 1°6 . 2
2
66

5 ' 0°08 i[ COMMITTEE FOR AERONAUTICS, -, II ~ 
I , I I I 'I" 0 I " , 0 • x 1°6 ' 4 -, " I r" I V' 

~ 
. ' I', 0 3,0 x 10 .257 -. 059 " ' 0 (J1 

I . ' I -, +- I I'~ 'j' ,..j,J L _I LJ. I--4~I~H- I ', I ',' I J '- f-i ",I i" \ ~ ~ I -r i,_LL... _LCl...-1 IT" Il< il t iT-" , I , i I • ()J 
.v ~ ~ .,' , r ~ . I I ,IT I I L~' I I.Lh'· (J1 I 

' :II I I II 1 ,- - T IT ,- 1---

I I ";2 ';1 -E ( E.l! 2 J. 1 i1 6 ' .i.l.c£ ... "I , ~. ,..;. . l .L_ .i... I 1 2l-
Se~t1 ( n a II>;1e of tta k (1 de I ", -r -r,' ru. ti l:, 11 It ,c, :ff IclIe;lq· ! c1 1· m 
Ae rodynwnic characteristics of the NACA 65,-618, a ~ 0. 5 airfoil sect~on . 24- inch chord; TDT test. 407, 420. (j() 

(f) 

f-' 

CJ1 
(J) 

Z 
:t> 
o 
:t> 

:t> 
o 
:::0 

z 
o 

L' 
()1 

o 
o 
CJ1 



0.20c simulated split 
flap deflected bOo 

v 6 ~ 106 
W st~~arg6rOUghnesa 
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Aerodynamic characteristics of the NACA 654-421, a 0.5 airfoil section, 24-inch chord; TDT tests 40~, 410, 4~4. 
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Aerodyn~ic characteristics of the NACA 65(421)-420 airfoil section, 24-inch chordj TDT tests 312, 322, 328. 0 
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8167 NACA ACR No. L5C05 

NACA 66(215)- 216 
a=0.6 

WITH FLAP 
~f ·~----------------------IOO------------------------~ 

~1 ~~----------------~.90----------------------~~ 
----

Slotted nap ret ract ed 
Plain flap deflect e d 

~I ' ---·90 

1-----.---1 
1/ ( _________ -+--7"'-

1-- -~j L -.1 
~1 ·------------~.2?5----------

S lo tted flap extended 
Plam flop deflect e d 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS. 

:1 1 4lrfOlI- flap con0g(/rntlon. 
Nile A (,( (';r) ,'-.) /r/ (/ ,-0.6 airfoil sect/on ('/iith 0,30c 

.5lott(?(/ ond /' / 0 c p la in flop . 
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NACA 66(215) - 216 , a = 0.6 airfoil section with O.30c slotted and O.10c plain fl ap. 
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TDT tests 236, 352, and 382. 

NACA 66(215)-216, a 0.6 airfoil section with 0.30c slotted and 0.10c plain flap. 
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Aerodynamic characteristics of the NACA 66-009 airfoil section, 24-inch chord; TDT test 807. 
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aerodynamic characteristics of the NACA 66-210 airfoil section, 24-inch chord ; TDT teat 944. 
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Aerodynam1c character1st1cs of the NACA 661-212 airfoil section, 24-inch chord; TDT test 789. N 
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AerodynaMiC characteristic8 of tbe HlCA 662-215 airfoi l .ection, 24-1nch chord; 1DT teat. 741, 743, and 785. 
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Aerodynamic characteristics of the NACA 66~-018 airfoil section, 24-inch chord; ~T teet 781. 
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Aerodyn8lllic characteristios ot the MAOA 66~-218 Rirl'oll seotion, 24-1nch chord; '!DT test 787. 
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Aerodynamic characteristics of the NACA 664-221 airfoil section , 24- 1nch chord; TDT test 786. 
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Aerodynamic characteristics of the NACA 747A3l5 airfoil section, Z4-inch chord; toT tests 633, 634, and 639. 
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