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EXPERIMENTAL AND CALCULATED CHARACTERISTICS OF 22 TAPERED WINGS
By RAYMONDF. ihDEESON

SUMMARY

experimental and calculated aerodwunnic charac-
teristics ;f %? tapered u?ing8 are compa;ed, uting test8
made in the mwiubledenstly urinal tunnel. The wings
had aspect raiio8 from 6 to M and taper raiw8 from
1.6’:1 to 6:1. i%e compared churacteridti are the pitch-
ing moment, the aerodynamic-center position, the lijt-
mime slope, the maximum lift coejicierd, and the ourw
of drag. me method of obtaining the cahndakd t?ahe8 ie
ba8ed on the u8e of wing theoqq and experiments@ deter-
mined airfoil section data. In general, th experimental
and cakulated characteridice are in eu.f%iently good
agreement that the method may be applied to many
problems of ai~plane design.

INTRODUCTION

Considerable work has been done on the calculation
of the aerodynamic oharacteristios of tapered wings.
A method of cakwlating the important characteristics
of tapered wings was givemin refmnce 1 together with
comparisons of experiments.I and calculated charac-
teristics. It is the purpose of this report to extend
reference 1 to inchde the caIcuM.ion of the drag of dI
the wings contained in that report and to include the
characteristics of additiomd wings tested in the variable-
density tunneL The additional wings c.omprisa the
3 ~exibed in reference 2 and 10 other wings,
inchding 7 with sections of the AT.A. C. A. 230 series.
Experimental lift, drag, and pitching-moment data are
given and, for comparison, calculated vahms of pitching
moment, aerodynamic-center position, lift-curve slope,
maximumlft coefficient, and curves of drag.

> SYMBOLS

The symbols used are as folIows:
S, wing area.
b, Spil.11.

A, aspect ratio, b’/S.
e, chord at any section along the span.
c~, tip chord (for rounded tip, c1 is the fic-

titious chord obtained by extending the
leading and trailing sdgcs to the extreme
tip).

c,, chord at root of wing or pIane of symmetry.

angIe of sweepback, measured betwem the
lateral axis and a line through the aero-
dynamic centms of the wing sections.
(The symbol 13was used in reference 1
but Ahas since been adopted as standard.)

aerodtic twist, in degrees, from root to
tip, measured between the zero-lift direc-
tions of the cent= and the tip sections,
positive for washin.

longitudimd coordinate of wing aerody-
namic center measured from the quarter-
chord point of the root section.

wing lift-curve slope, per degree.
section lift-curve slope, per degree.
angje of zero lift of the root section.

wing angle of attack for zero lift, measured
from root chord.

s=tion ~tt co~~~t; cL=c&+L?lb

part of Iift ooefbient due to aerodynamic
twist (computed for 1%=0).

part of lift coefhcient due to angle of attack
at my CL; c~=cLcr~

part of lift coticient due to angIe of attack

‘L=for CL= 1.0; cl~=~

additiomd load distribution parameter.
section pitching-moment coefficient about

section aerodynamic center.
X pitching-moment coei3cient due to the

pltchi.ugmoments of the wing sections.
wing pitching-moment coefficient about its

aerodynamic center.
wing lift cmf&&nt.
wing induced-drag coeflicientt.

CD&=CD– C.2/rA, effeotive profiklrag coeffi-
Cimt.

E, H, J,f, factors given in reference L
l?, Reynolds Number.

R,, effective ReynoIds Number; the Reynolds
Number of variabIe-density-tunnel tests
multiplied by the turbulence factor 2.64.

8td, a subscript designating standard airfoil test
results from the variabIedensity wind
tunnel at an effective Reynolds Number
of about 8,000,000.
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APPARATUS AND TESTS

Standard ahnninundloy models having an area of
150 square inches were used in the tests. In the
construction of the wings, stxaight-Iine elements were
used between corresponding points of the root section
and the construction tip sections, except for the
N. A. C. A. 23013-43010 and the elliptical N. A. C. A.
4412 wings. These wings were made .by cutting several
sections along the span and -t~en famng between the
sections. The general characteristics of the models are
given in table I and the principal dimensions of the
plan forms, in terms of the mean chord S/b,are given
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on the plots. The ordinates of the airfoil sections not
already published in references 1, 2, and 3 are given
in tables 11 and III:”

The designating numbem of the tit nine wings listed
in table I are formed from numbe~ representing the
airfoil section mean Iine, the sweepback, and the
washout, respectively. (See reference 1.) The wings
with sections of the 230 series and high aspect ratio all
have a tip thickness of 9 percant of the chord and differ
only in taper ratio, aspect ratio, and root thickness.
Numbem representing these three quantities are there-
fore used h designate the wings; i. e., N. A. C. A,
3–10-18 represents a Wing of 3:1 taper, aspect ratio 10,
and root thickness of 18 percent.

The tests were made in the variabledensity wind
tunnel, which is described in reference 4. The lift, the

drag, and the pitching moment of the wings were
measured for positive angles of atttick at a t.unncl
pressure of 20 atmospheres, which corresponds M n
test Reynolds Number of 3,100,000 brwcd on a 5-inch
chord (effective Re~okls Number 8,200,000). Tho
lift-curve peak was also dcte.rmincd for most of the
wings at a lower Reynolds NTumber.

EXPERIMENTAL RESULTS

The results of the tests am giveu in figures 1 to 20
in the form of the usual dimensionlesscoefficients. TILO
corrections that were applied ta the tunnel datn,
including the method of correcting for tutmcl-wnH
effect, are described in reference 4.

In figures 11 to 20 for the plots aguhwL rtnglc of
attack, the lift-curve peaks arc given for two values of
effective Reynolds hlumber”in order to show the scale
effect on CLn.z. The ReynoMs Number “h imscd”on
the mean chord S/b. In the plots against lift cocfEcien~-
(figs. “1 to 20) the drag htis been plotted with t.ho
minimum induced drag deducted (refercncc 1); thus,

CD6=c-–$. The drag values differ from tlwsc on

the plots against angle of .utttickin tha~.thq CO. wducs
have been corrected tu eflcctive Reynolds Number.
This correction allows for the reduction ill skin friction
when converting from the test to the cffcctivc Reynolds
Number and amounts to a CD incrcrncnt of 0.0011
(reference 5).

The pitching-moment coefficients me given about au
axis for which they are practicfilly constant fur lift
coefficients up to CL~u (aerodynamic center). The
aerodynamic centers were fouml by the method given
in the appendix The coefficients are based on the

M Mb
mean chord S/b in the form C.= q--p ’110
choice. of a chord length for use b cdc~dat~ng Cm is
arbitrary in any case. It is considered best-,however,
ta use a chord length that may bo conveniently found
from given quantities, such as the area and tho span.
Coef%cients so determined do not tend to be equal for
wings of the same section and different tapw ratios, as
they would if based on the so-called “mean aerodynamic
chord,” but indicate directly the relntive magnitude of
the pitching moments of wings having eqwd areas rmd
spans..

Aa a reference chord for the center of prcssuro it
might appear logical to use the chord upon which the
pitching-moment coefficients are based (mean chord);
however, for the general case of a wing with tuper and
twist, if the mean chord were used, it would nob i-w
easy to decide how its location along tho spun and its
angular attitude should be specified. The position of
the root chord is known; and, as tho cenkw-of-pressure
chord is simply a reference line, it was decided ta base
the center of pressure on the root chord.
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Inasmuch as the plots of lift, drag, and center of
pressure against angle of attack for the first nine wings
Med in table I and the plots of calculated CDCagainst
~L of the first two wings listed are given in reference 1,
these data have been omitted from this report.

CALCULATED RESULTS

The general method of obtaining the calculated
resultsis fuUy outlined in reference 1. The formulas are
summarized here for convenience:

c~=.,.=cm.+-cm,,

Cms=fima.c. (cm=,..constant across

(1)

the span) (2)

s(T=? ‘“C
Fo

-=~.@dy(c%C.variable across span or

nonlinear chord distribution) (3]

‘@=HA tan ~ (4)

ag(L-O)=WO,+Je (5]

(6)

The cakxdation of cm=... for the fit nine wings of

table I has already been described (reference I). For
the remaining wings, G=lb=O and, for those of straight

taper, C’w was then calculated from the average of the
root and tip section values of cm=~ and the factor E.
For the wings with standard hmy plan form for which
1? was not given in reference 1 and for the tupered
N. A. C. A. 2301343010 wing, where Cma~ varied. .
appreciably across the span, Cm~was calcukded from
equation (3). The results are given in table I.

The aerodynamic-center positions of the wings as
culcukited in reference 1 were based on a wing axis

through the quarter-chord points of the airfoil sections,
which is the section aerodynamic center according to
thin-airfoil theory. A rebement consists in using as
the wing axis a Iine through the experimental aero-
dynamic-center positions of the root and tip sections.
The angle of sweepback is thereby slightly changed but
the same -ralue of H in equation (4) may still be used.
Calculations using both angles of sweepbncli have been
made (table I). Both aerodynami~enter positions
have been referred to the quarter-chord point of the
root chord for campmison.

In the computation of values of the Iift-cur-re slope
a, from equation (6), values of ao corrected to section
data were used. For the 230 series of wings, the aver-

age value of ao was 0.09S per degree.

The effecti~e protiedrag coefEcient -was calculated
kom the sum of the profiIe and induceddrag coefEcients
tith the minimum induced-drag coe5cient deducted:

CD,=CDO+CD+ (7)

In order to show how C- was ctdculated and ta aid in
making similar calculations, the method has been illus-
trated for the N. A. C. A. 5-10-18 wing. The calcula-
tions axeHatedin table IV and were obtained as follows:

Tf7idfness folio, t/c

FIQCM21.—VarMonof seetiondata with thfckness. The N. A. CA. ZJI seriw
airfoils;efktke ReynoIdsNnmkr, &2WOO0.

Cohunn 1. Convenient intervals of the semiapan.
Column 2. Maximum thickness of the airfoil sec-

tions at these intervaIs.
C?olumn 3. Chord length.
Colmnn 4. Effective Reynolds Number of each aeo-

( )tion along the semispan l?.=i&6,630,000 . In the case

of cm airpIane w-kg the Reynolds Numbers should cor-
respond to the particukr value of ~L.

~olumn 5. AirfoiI section maximum lift coefficient
for an effective Reynolds Number of S,200,CKI0as given
in ~. J%.C. A. reports of airfoil section data. (For the
method of deriving section data see reference 5, p. 17.)
The value of (c;~~),ti for the various sections along the

span may be conveniently determined from a plot such
as figure 21.

Cohnnn 6. Correction increment to cortit the sec-
tion mmimum lift coefficient to the actual Reynolds
h~umber of each section along the semispan (fig. 22).
Figure 22 is figure 44 of reference 5 reproduced here for
convenience.

Column 7. The maximum lift coefEcient of each sec-
tion along the semispan, cl~m= (cl=),ti+Ac’ maz”

Cohunn S. VaIues of minimum profikhag coeffi-
cient for an effective Reynolds Number of S,200,000,
corrected to section data. (See reference 5.) The

‘a’u% ‘f (c~J#l#
may be conveniently obtained by

making a pIot against thickness ratio, such as &me 21.

-.—

,-. ....

.-.+.
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Column 9. Values of the” minimum profil~drag
coefficient corrected to the Reynolds Number of each
section aloug the semispan by use of @re 23. The
basis of the correction formula is explained in reference
5. The line is plotted to provide a convenient graphi-

R, ,millions

FmurtEZL-oraph forwtfmatlngvarfetfonofC% with R,.“(.

‘%im-f~mi.),f%’‘“”)
ml solution of tbe formula. The standsrd effective
Reynolde Number of variable-density-tunnel tasts is
(R,),,,. To Iind C,om,n for any other R“eynolds Number,

locate the point for (cd,~,a),,~ from tests in the vmia-

ble-density tunnel and tkvel parallel to the line to

the Reynolds Number in question tQ read tho corre-
sponding c~o~,a. Although extrapolation by thismethod

to Reynolds Numbers below f3,000,000 is not strictly
accurate, the extrrtpolationhns been mado to 2,600,000

$
a.

t
1
~.
h
.

2
a

a ./ .2 .3 4 .5 .6 .7 .8 .9 M
ICI- c1 J% - G*,

FKWBE24.—oeUeSdiZCdVdOtbIofAc+.

for the tip sections of some of tbo 230 wings, as the
tips contribute only n small part of th drag. Tho
ngrecgnent of tue cnlcuktted ml exporimcnkd results
indicates t.bat-no appreciable error was introduced,
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Cohlnul 10. C,d,, is given in the tables of basic air-
fol section data of N. A. C. A. reports and may be
determined from a plot against thickness ratio, as in
figure 21.

column 11. c*—cro,,-
Colurnn 12. L. is the additional load distribution

parameter obtained from the tables in reference 1 for
the appropriate aspect ratio and taper ratio.

Column 13. Section additional lift coefficient for a

From the foregoing basic data, the profle drag of
each section aIong the span may now be calculated for
a given wing lift coefficient. For an airplane, this lift
coefficient would be the one corresponding to the speed
and Reynolds Number originally assumed. The cal-.

The value of Q% for the W@ is obtained from the
mea under the curve, as indicatad.

The value of CD,for formuIa (7) was calctiated from
reference 1, except for the wings with standard Army
plan form. For these wings the CD*and aIso the CI
distribution were calculated by the Lotz method.
(See reference 6.)

The data given in table IV were also used for the
calculation of CLHUby the method given in reference 1. ‘
The calculation is repeated hereto complete.the ~xample
and to give a quick method of estimating the wing
maximum lift coefficient.

The maximum lift. coefficients of the sections and the
c~ distribution for CL= 1.0 are plotted as in figure 26.
StaMng is considered to begin at the CL at which c1
reachw c~= at any point along the span. The tsngent

—.—

culations are given in columns 14 to 19 for a CLof 0.8
as foIIows:

co~~ 14. cl= CLXClal=O.&~I. (set) reference 1

for method for a twisted wing.)
Cohlmll 15. Cl—clm,.
Cokcm 16. ~CL–CZO,, [/crm==–c~@r,.

Column 17. The increment AC~Oby which c% is in-
creased as the lift coeftkient departs from the optimum.
The generalized increase for any airfoil section is
obtained from @re 24. This curve vm.s obtained
from tests of airfoils of moderate camber and thickness
at an effective Rejmolds hTumberof 8,000,000 and may
be applied with reasonable accuracy down to an effec-
tive Reyuolds Number of 2,000,000. (See reference 5
for discussion.)

Column 18. cdO correapondkig to each vtdue of CI
along the span is C%ti+ACW

Column 19. Values of c~OXcare plotted in @re 25.

Cur’re of CI and the corresponding CL are most con-
veniently found from the minimum value of c~Jc~=l
rdong the span, as shown. Thus, the minimum
value is 1.50, which is considered to be CL=Ufor the
wing. The measured value is 1.49. Part of the c,
curve for CL=l .50 has been drawn in to show more
clearly the location of the predicted stalling point.
For a wing with twist., the ratio method may be used
by haling the minimum value of (c ~a=—cra)~cl.l.

The calculated and experimental dues of Q= are
not aIways in good agreement. In the case of the ellip-
tice.I hT. ~. C. A. 4412 wing the values of Cz== of the
sections decrease at the tips due to the decrease ti ___
Reynolds Number and, as c1is conetantt across the span,
stahg would be predicted practically at the tips at a
low vah.xe of C&& The flow near the tips is modified
by the tip vortex, however, so that it is no longer
two-dimensional and the method does not apply. If
it were assumed that st aUing begins at an arbitra~
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distance in from the tip equal to we chord, the pre-
dicted C&= would be 1.74. The CL~u actually
measured was 1.81, which is surprisingly high, especially
as the root section c~u is ody 1.77.

For a conventional airplane in flight it is not likely
that the computed C%c, would be exceeded if stalling
began near the tips because of a 10SSof lateral control.
The tapered N. A. C. A. 23013-43010 wing (fig. 19) is
an example of a wing designed to avoid tip stailing.
In order to cause stalling at the center, a combination
of moderate taper, washout, and progression tn sections

M.6, and the Clark Y wings and best for tno wings of
high aspect ratio and taper ratio and for the elliptical
wing. The experimental ftndcalculated values of C’L~,=
are also in good agreement except for the. wings with
large sweepback or large twist.

Reference to the experimental and calculated C’D,
curvw of figures 2 to 4 shows that tho agreement of the
CD,curves is not so good for the wings with Imge swccp-
back and large twist~s- for the winga with moderate or
no sweepback and twist. This result would be ex-
pected, however, as the similarity of the flow conditions

.-.. .
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— ..-

%l?L ? ql /.50 (Z&==) 1.57
% I v -.. .—

—.
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—— ——- .—— ——. ____ __
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FIGURE!M.-Cakulatfon of the CLat whfoh the N. A.C.A. 6-l&IS wfng begfmto stall.

having+increasing Cho= (increased camber) toward the
tips was used.

DISCUSSION

COMPARISON OF EXPERIMENTAL AND CALCULATED VALUES

The experimental and calculated values compared in
table I are, in general, in satisfactory agreement. The
values of C~a.C.are usually in agreement within the ex-

perimental error of the tests. Of the two computed
values of aerodynamic-center position, better agree-
ment is obtained by considering the lift to act at the
experimental aerodynamic-center position of the sec-
tions, except for the wings with sweepback and twist.
It may be concluded that for most airplane wings,
which usually ha,-relittle or no sweepback, it is best
to calculata the wing aerodynamic-center position
on the basis of the experimental section aerodymnnic
centers.

The angle of zero lift and the lift-curve elope need little
comment except to note that for the lift-curve slope
the agreement of calculated and experimental values
is poorest for the N. ~. C?.A. 2218-09, the N. A. Cl A;-

assumed in the calculation to the tictual flow becomes
leas as the sweepbtick and twist are increased.

When the CD. curves are compared, the huge scale to

which they are plotted should be considered, as t-his
factor accentuates the differences. Most of the cliffcr-
ences do not exdeed the experimental error of drfig
measurements, which may bo as much m ~~= 0.0000
for f2L=0 and may increase to 0.0015 for d~= 1.0.

Of the wings with standard Army plan form (figs. 8
to 12) Fnly the N. A. C. A.-NM and the Clark Y fail h
show ~dht agreement of the ODecurv=. For thcso
curves the greakat difference is equal to the maximum
experimental error. This difference is probably clue
to the lack of data for sections of various thicknesses
for these wings. The agreement of the C’~, curves for
wings with the standard Army plan form where ndo-
qu~te section data are available (N. A. C. A. 2218-09,
23015-09, and 23018-09 wings) is of btm’est because
a belief has been expressed that the abrupt chango in
plan form at the ends of the straight ceuter section
might cause an increase in drag.



THE EXPERIMENTAL AND CALCULATED CHARACTERISTICS OF 22 TAPERED WINGS 287

For the five wings of high aspect ratio and taper
ratio (figs. 13 to 17) the CDCcurves agree, in general,
within the experimental error of the tests. The CD.
curves for the NT.A. C. A. 0018-0009, the tapered
NT.A. C. A. 23013-43010, and the elIiptical N. A. C. A.
4412 wings (figs. 18 to 20) also show rwsonably good
agreement, ewxpt for a dhlerence in the CLOPtwdues
for the elliptictd N. A. C. A. 4412 wing. It is inter-
esting to note that for the elliptical hT.A. C!. A. 4412
wing there is no residual induced drag and therefore
CD, is C’%for the wing.

From the CD, cm% the ~fiurn T~UEH of CD. md

the corresponding vahws of CL, i. e., CLmt, are bsted

in table 1. These vahms are useful for comparing the
drag aqd lift coefEcients in the high-speed region.

ZJ?ETC!IESCY FACTOR

The CD,cuxves were analyzed with a view tQ finding
an efficiency factor corresponding to the airphme
efficiency factor used in reference 7. Incorporation of
this factor in the induced-drag term permits the deter-
mination of a nearly constant drag residmd over the

c.~
~orkhg range of ]ift coefficients ~o~ting h CD—~~

%-1)”
which in t- of CDCis CD=—TA

Values of e were determined from the plota of C.,
(?Lz 1

()
against CL by USbg CUTVSS of ~ ~ 1 against CL

for varioue values of e. The value of e was then found

from the superimposed curve of
%:-1) ‘h’ b=t

fitted the CD, curve. The curves -yere made to fit as
well as possible for a CLrange of 0.2 to LO. The values
of e are given in table L As an examp~e of how the

ticiency-factor curves fit the test or calculated curves,
an efficienq-factor curve hae been plotted in figure 10
for comparison with the test curve. This curve is
typical for the wings and shows ho-iv the efMency-
factor curve departs frOm the CD6curves below CL=0.2
to 0.4 and above CL= 1.0. Reference ti table I shows
that the N. A. C. A. 2*30-8.50 aud 2RI–15-8.50 wings,
which have the largest CL-O1,hare values of e equal to
and larger than e, respectmely, for the elliptical h’. A.
C. A. 4412 wing. This result is obtained because
shifting the CD=curve to the right makes it fit a flatter
e curve, and hence one with a higher value of e. If
cLmthad been zero for aU the wings and they had dif-
fered only in phm form, the vahm.aof e would indicate
the departure of the drag of the wings from that of the
ideal elliptical wing. The wings, in fact, are sutliciently
si.dar and the variations of the C% values with lift are
near enough alike so that there is a general reduction of
e as the wings depart from the elliptical phm form
toward the wings of high taper.

CONCLUSION

From the foregoing comparison of calculated and test
results it may be concluded that the usual characteristics

of conventional tapered wings, as determined by wind-
tunnel tests, may be calculated with accura~ sticien t
For use in many airpkme design problems. The method
of calculation should be of value for reducing wind-tun-
nel testing and for SeIeoting the best wing for a given
@lane design.

LANGLEY MEXORIU AERONAUTICAL LABOtiTORY,

hTATIONAL ADVISORY COWITTEE FOR hONAUTICS,
LANQLEY FIELD, TA., A’orember 17, 1997.



APPENDIX

CALCULATION OF THE AERODYNAMIC-CENTER
POSITION FROM EXPERIMENTAL DATA

The aerodynamic-center position of the wings and the
value of Cm~.o.were determined from the test data by
the following method. The forces acting at- the ax@
about which the pitching moment is measured may be
considered to be the normal and the chord forces and
the pitching moment. The forcw are represented as
coefficients in figure 27.

For most airfoils there is some axis about which the
pitching-moment coefficient may be considered constant
for Iift coefficients practically to C..az (aerodjiamic

/

c.

FIQmm 27.-Aerodynamlo canterand pitching moment.

center). The aerodynamic center is located by x and y,
which are distances in terms of the mean chord S/b,

‘“‘“’ ‘=x%Then, if Cmis the pitching-moment co-

efficient about the support point, the pitching-moment
coefficient about the aerodynamic center may be
Vvrittwl:

~a.,.=~~–xC*–@cc (1)

so that
Cm=cma.ca +Xchr+ycc (2)

also
~H=cL Cosa+_cD ti a (3)

CC=CDCos ~–cL sin a (4)

In order to tid the three unknowns, Cn=,,., x, and y,
the basic equation (2) may be used to write three
equatioys corresponding to three ~nditions of the
pitching-moment curve of the airfofi.

For the first condition, vahws of CmjC~, and Cc are
taken for n point F’ on the pitching-moment curve
before it curves greatly (fig. 27):

c.,=cma.,.+xc~p +yo.,, (5)

The second condition is taken at CL= O:
Cw=C~a.C. +@DLo h ~,G.O1+@D% COS atG.O) @)

The third condition is taken as the S1OPOof the pitching-
moment- curve ati c~=O:

where
a’, is angle of attack in radians.

dCm
n, slope of pitching-moment curvoj n.”
P, a subscript indicating values for a point. near

Chaz”
Oand L, subscripts indicating values for CL= O.
The other symbols have their usual significance.

For nom-nil airfoils, negligible error is introduced by
making the app~osimations

da’
a %m.o) ‘ COS a,w-o)= aiw.a ~ =1) l+cLILo~L -1,

in equations (5), (6), and (7), and the approximrttions

cD%%G.m’=oj cD=o(a,G4,y=o
when they we solved simultaneously. Tim solution
gives x and y in the form.

(cmo–cmp)a,u4)’+%(cD%–f%) ... .
x=

cDh— cop— CNp%ad)t

C%–cmp+xcxqp

v=
CD%—CCP

When z and v have been found by substituting the
appropriate test-data, the Cm=.,.curve may be computed
from

~=.~=~~-x(?H–@~c
The value of C~=.,,is practically equal to C% so tlmt tho
c .C,c. curve is as shown in figure 27.
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TABLE I

COMPARISON OF EXPERIMENTAL AND CALCULATED CHARACTERISTICS
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TABLE 11

ORDINATES OF N. A, C. A. 2301E-09 TAPERED AIRFOIL IN PERCENT OF CHORD
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TABLE 11—ContinuecI

0RDINATEE3 OF N. A. C. A. 2-10-18 TAPERED AIRFOIL IN PERCENT OF CHORD
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ah_-- .--.. -------. —-. k:
Io_-. ..-.. ------- 8.83
15.-. -... -.-..---—
L-—–– 2:
!26.--..-. . . . . . . . . . . . . . . m M
au----------- 10.65
m----...--.----.----_-- 10.M
a---------------------- ~g
m—------------------- .
n-—--------------------
a---------------------- M!
m—-------------------- 2W
K---------------------- L32
Ire---------------------- .19

0
–.91

–L 19
–L 44
–L @
–L i9
–x 17
–%66
–280
–2 SW
-3. ccl
–2 M
-9.63
–!2 cm
–L 51
—.w

%

.—--------–!.03
–1. 37 H
–L72 407
–L 95 4Ed
–2 Is & 4L
–% 61 &04
–% 02 6.26
–aal &a2
–3. 45
–3. ta E!
-3.24 h25
–291 447
-2?s :;
–L 74
—.w 1.al

.74
:?! .10

0

––i E
–L 53
-L 76
–L 94
–2. 36
–% 76
-& 62
–3. 16
–3. 23
–3. 04
-z 69
–1. 20
–L 62
—.92

:Z

---------
2.24
x 10
426
Srm
h64
&29
IL54
mm
as
6.16
563
4F4
3.7a
La
L43
.ia
.10

L. E. radius-------- I 3.6a I O.m L IO I am

Sfopeofradluethroaghend ofchord. ---. -... - . . . . . ..- . . . ..-.. -.-. --.. -...–.. .—.-—--———-— ——-—----—--0.305

ORDINATES OF N. A. C. A. =10-16 TAPERED AIRFOIL IN PERCENT OF CHORD
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TABLE H-Contiiued

ORDINATES OF N. A. C. A. S-10-18 TAPERED AIRFOIL IN PERCENT OF CHORD

(L------------------ ---.--—.--
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ORDINATES OF N. A. C. A. E-12-16 TAPERED AIRFOIL IN PERCENT OF CHORD
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TABLE 11--Continued

ORDINATES OF N. A. C. A 6-12-20 TAPERED AIRFOIL IN PERCENT OF CHORD
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90_.. -----.--..– ;g –2. la w
w-------------------- -L fU

1.4s –.9s L3d –.92
:72 2SQ .n

Id----------------------- .Z1 -. m
.?4 –.52

.10 –. 10 .10 =% .10 –. Ill

L. E. radlns. . . . ..- . . ..- 440 LSD LIO O.kla

910P8ofradlus thrO@ end Of Cti..-..-...-...-- (Laos

293 .- —



REPORT NO. 627—NATIONAL ADVISQRY COMMITTEE FOR AERONAUTIC

TABLE III

ORDINATES OF N. A. C. A. CENTER-STALLING WING

DATA ON SEOTIONS
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Skdbn

o
.63

::
&so

Sk%
mm
%21
2a 21
4a!xl
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degrees. . . . o .87 .w L 47 2.24

StatIon Ordinnte StatIon
———

h’dlmte

~. 95
-L OS
-Lll
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TABLE IV

CALCULATION OF CDO
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