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THE EXPERIMENTAL AND CALCULATED CHARACTERISTICS OF 22 TAPERED WINGS

By Ravymonnp F. ANDERsoN

SUMMARY

The experimental and calculated aerodynamic charac-
teristics of 22 tupered wings are compared, using fests
made in the variable-density wind tunnel. The wings
had aspect ratios from 6 to 12 and taper ratios from
1.6:1 to 5:1. The compared characteristics are the pitch-
ing moment, the acrodynamic-center position, the bLifi-
curve slope, the marimum lift coefficient, and the curves
of drag. The method of obtaining the calculated values s
based on the use of wing theory and experimentally deter-
mined airfoil seetion data. In general, the experimental
and caleulated characteristics are in sufliciently good
agreement that the method may be applied to many
problems of airplane design.

INTRODUCTION

_Considerable work has been done on the calculation
of the aerodynamic characteristics of tapered wings.
A method of caleulating the important characteristics
" of tapered wings was given in reference 1 together with
comparisons of experimental and calculated charae-
teristies. It is the purpose of this report to extend
reference 1 to include the caleulation of the drag of all
the wings contained in that report and to include the
characteristics of additional wings tested in the variable-
density tunnel. The additional wings comprise the
3 described in reference 2 and 10 other wings,
including 7 with sections of the N. A. C. A. 230 series.
Experimental lift, drag, and pitching-moment data are
given and, for comparison, calculated values of pitching
moment, aerodynamic-center position, lift-curve slope,
maximum lift coeflicient, and curves of drag.

SYMBOLS

The symbols used are as follows:
S, wing arca.
b, span.
aspect ratio, b%/S.
¢, chord at any section along the span.
tip chord (for rounded tips, ¢, is the fic-
titious chord obtained by extending the
leading and trailing edges to the extreme
tip).
chord at root of wing or plane of symmetry.

A

N

)

Za.c.,

a,
o,

a,ol,

Xsz,—0y

Cy
clm

Cza,

€l

L,

c”‘a.c.’

C

mgy

O"‘a R

angle of sweepback, measured between the
lateral axis and a line through the aero-
dynamic centers of the wing sections.
(The symbol 8 was used in reference 1
but A has since been adopted as standard.)

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

longitudinal coordinate of wing acrody-
namic center measured from the quarter-
chord point of the root section.

wing lift-curve slope, per degree.

section lift-curve slope, per degree.

angle of zero lift of the root section.

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

section lilt coeflicient; ¢;=¢y, ¢y,

part of lift coefficient due to acrodynamic
twist (computed for (,=0).

part of lift coefficient due to angle of atlack
at any Cp; ¢, =CLegy,

part of lift coeflicient due to angle of attack
for C,=1.0; C"”=C§bL"

additional load distribution parameter.

section pitching-moment coefficient about
section acrodynamic center.

wing pitching-moment coefficient due to the
pitching moments of the wing sections.

wing pitching-moment coefficient about its
acrodynamic center.

C,, wing lift coefficient.
Cp, wing induced-drag coefficient.
Cp,~ Cp—CYmA, eflective profile-drag  cocfli-

I, J,
R,
R.,

std,

cient.

factors given in reference 1.

Reynolds Number.

effective Reynolds Number; the Reynolds
"Number of variable-density-tunnel tests
multiplied by the turbulence factor 2.64.

a subseript designating standard airfoil test
results from the wvariable-density wind
tunnel at an cffeetive Reynolds Number
of about 8,000,000.
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APPARATUS AND TESTS

Standard aluminum-alloy models having an area of
150 square inches were used in the tests. In the
construction of the wings, straight-line clements were
used between corresponding points of the root section
and the construetion 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 then fairing between the
sections. The general characteristics of the models are
given in table T and the principal dimensions of the
plan forms, in terms of the mean chord S/b, are given

R
1]

>
Y

o)-—»
i

Foeq | |
b\ - g
Q0221
Soz0-| | - -
g -
() ]
.018
"E- 016l —C,, from fest| /‘ ) ,,:
g . F | =——= G calculoted / ]
%.0:‘4:‘* 47 ~
SR L/
8“0/2‘F - ’/ B —
S g B il
?.0/0% -- - 4-/ — ]
£ el T L~ H
g.ooai:ahk_,w
k —1. - i — p—
£ 006 -1t e
N l_, _
S poa 111 ) }
& H- | ) 0.7C. A
g O
T EI T
- B TP /",’_,, 1
s - EHEA A
O_ pt 4 1 S _
N '2___ Airfoil: NACA 24-15-0
T_ R. :8180,000 |
§73 [ |oate: 9-24-34 , Test:V.DT (174]
£ -2 0 2 4 6 8 10 [2 /4 /6

Lift coefficient,C,
FIoURE 1.—Tapered N. A, C. A. 24-15-0 airfuil.

on the plots. The ordinates of the airfoil sections not
already published in references 1, 2, and 3 are given
in tables TT and TIT.

The designating numbers of the first nine wings listed
in table I are formed from numbers representing the
airfoil section mean line, 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 percent of the chord and differ
only in taper ratio, aspect ratio, and root thickness.
Numbers representing these three cuantities are there-
fore used to 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 variable-density 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 attack at a tunnel
pressure of 20 atmospheres, which corresponds to a
test Reynolds Number of 3,100,000 based on a 5-inch
chord (effective Reynolds Number 8,200,000). The
lift-curve peak was also determined for most of the
wings at a lower Reynolds Number.,

EXPERIMENTAL RESULTS

The results of the tests are given in figures 1 to 20
in the form of the usual dimensionless coeflicients. The
corrections  that were applied to the tunnel data,
including the method of correcting for tunnel-wall
effect, are described in reference 4.

In figures 11 to 20 for the plots against angle of
attack, the lift-curve peaks are given for two values of
effective Reynolds Number in order to show the seale
effect on Cp,,,. The Reynolds Number is based on
the mean chord S/6.  In the plots against lift coeflicient
(figs. T {o 20) the drag has been plotted with the
minimum induced drag deducted (reference 1); thus,
()De:ol)_g«l.
the plots against angle of attack in that the ), values

The drag values differ from those on

have been corrected to effective Reynolds Number.
This correction allows for the reduction in skin friction
when converting from the test to the effective Reynolds
Number and amounts to a p mmerement of 0.0011
(reference 5). .
The pitching-moment coeflicients are given about an
axis for which they are practically constant for lift
coefficients up to (4, (aerodynamic center). The
aerodynamic centers were found by the method given

in the appendix. The coelficients arc based on the

mean chord S/b in the form 0”‘:(18‘%/7)5:%% The

mar

choice of a chord length for use in calculating C,, is
arbitrary in any case. It is considered best, however,
to use a chord length that may be conveniently found
from given quantities, such as the area and the span.
Coeflicients so determined do not tend to be equal for
wings of the same section and different taper ratios, as
they would if based on the so-called “mean aerodynamie
chord,” but indiecate directly the relative magnitude of
the pitching moments of wings having equal areas and
Spans.

As a reference chord for the center of pressure it
might appear logical to use the chord upon which the
pitching-moment cocflicients are based (mean chord);
however, for the general case of a wing with taper and
twist, if the mean chord were used, it would not be
easy to decide how its location along the span and its
angular attitude should be speecified. The position of
the root chord is known; and, as the center-of-pressure
chord is simply a reference line, it was deecided to 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
listed in table T and the plots of calculated (5, against

C, 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 caleulated
results is fully outlined in reference . The formulas are
summarized here for convenience:

Cma'c‘:(jms_*_cml (1)
&

Opg=Fe,, , (¢n, , constant across the span) (2)

b2
C,nszgsg . Cmg o €AY (Cm, . variable across span or

nonlinear chord distribution) (3)

Laeo “
S—/b—II[1 tan A (4)
sy gy =ty FJe (5)

— ——— (l(] —
= 57 34 (©)

1+ -

The calculation of C,, . for the first nine wings of

‘table I has already been described (reference 1). For
the remaining wings, C,, ,,=0 and, for those of straight

taper, C,, was then calculated from the average of the
root and tip section values of ¢, , and the factor £

For the wings with standard Army plan form for which
E was not given in reference 1 and for the tapered
N. A. C. A. 2301343010 wing, where ¢, , varied

appreciably across the span, O,
equation (3). The results are given in table I.

The aerodynamic-center positions of the wings as
caleulated in reference I 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 refinement consists in using as
the wing axis a line through the experimental acro-
dynamic-center positions of the root and tip sections.
The angle of sweepback is thereby slightly changed but
the same value of 77 in equation (4) may still be used.
Calculations using both angles of sweepback have been
made (table I). Both aerodynamic-center positions
have been referred to the quarter-chord point of the
root chord for comparison.

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

age value of a, was 0.098 per degree.
06500 38——3

was calculated from

The effective profile-drag cocflicient was ealeulated
from the sum of the profile and induced-drag cocflicients
with the minimum induced-drag cocflicient deducted:

Cog=Coyt Cu— 24 ()

where

2 572
ODOZSL C,io Cdy

In order to show how ) was caleulated and o aid in

making similar calculations, the method has been illus-
trated for the N. A. C. A. 5-10 18 wing. The calcula-
tions are listed in table IV and were obtained as follows:

20 l_ ]
e . - SRR
/ — 4 N BN S - i S— - S SR [y o —
y g L e // 4L i
£ N )
Sy p) |- e SO N e 1012
ko) b S S N
5 gl Sl ,/A/ffj.ooe c
“ | LT | &
I e e R R T 3
v 4 R e S I L S S Q04
(] ‘L .
i R ol s O
[2) o2 o4 06 08 U0 2 4 6 /8 .20

Thickness raltio,

t/c

FIGURE 21.—Varialion of section data with thickness. The N. A. C. A. 230 series
airfoils; effective Reynolds Number, 8,200,000.

Column 1. Convenient intervals of the semispan.

Column 2. Maximum thickness of the- airfoil scec-
tions at these intervals.

Column 3. Chord length.

Column 4. Effective Reynolds Number of each sec-

tion along the semispan (R6=Si/b6,630,000>- In the case

of an airplane wing the Reynolds Numbers should cor-
respond to the particular value of Cr.

Column 5. Airfoil section maximum lift coeflicient
for an effective Reynolds Number of 8,200,000 as given
in N. A. C. A. reports of airfoil seetion data.  (For the
method of deriving section data see reference 5, p. 17.)
The value of (a,mz) o for the various sections along the

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

Column 6. Correction increment to correct the sec-
tion maximum lift coefficient to the actual Reynolds
Number 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 coefficient of cach sec-
tion along the semispan, Clypar™ (r,maz) -- Ae,

3

stid mazx
Column 8. Vualues of minimum profile-drag coefli-
cient for an effective Reynolds Number of 8,200,000,
corrected to scction data. (See reference 5.) The
value of (c,,om_) may be conveniently obtained by
m fetd

making a plot against thickness ratio, such as figure 21.



12 REPORT NO. 627— NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
2 —1TT
JE | RSN Y B J— - -1 — P —_t i — ] p— ——— L §d— — i
(¢ e B | Lt -
| . 8 N e = = g I
— —- 11— ;/2% i 7T 1 L __,;——»—::w’jizgg% -
L~ | £ L1t |41 i"’/’ = LN
e’ // 9 s sl | T n
el ) /ANR = muER S ws e ossc— o MR N ]
| 8l L) NREEEEE sl N
S e e %y . iy} w_.—:-»—:'..‘—;),/7///;/ _Jd_ -
gEci T A g
B e Dt e SO s e 55 S 1 - R e al B g S a Bl A T B sl
e TS e D) Tywee B S T2 LT A Type D| || §
P‘—:E:__‘__‘_ﬁ_——:—'———'—‘_’/‘ =t 7 T /// s T T S o T el il il it B &“
= 5 /}//// 5
..._6‘____ —t_ — -t - '\ }// e —— "'l-\:'"
. I _ _ _ %S 1.} . ,{,S,,
x 8.
FL.o— —= - — — e Seliad Ry R R =
£ "1 T
© A iiJ - S N S L—JZ--'-'" _:,\;_\\ LN\ . .
< N L1 [ —.\\N"‘*&:\
0 . L &1 e i O S e A i
" B _,___——-——-—:"'——;://>
A S U OO N N A /,//?{-._ 5 15| f”’"’/,‘g:::::;/{ - e
|8 — ——’:::E:%% o1+ T s W o S g @
-2 7 — i?;’jj/i ) o = /2“/‘/7//’ // i S Rt o A
6 _‘__’_,—;j;;;j;/r I‘E T3 _LATL 4T 11 E
s e U S =5 11 =111 U e
I e g g s % R , ? et 5t L R R L AR
'4——’"3"" | L 9% Type C 9 ,//// Type E B
L - ///// O Ly b_ U S _ ~ -
Elumivie= gy e ST T I TS
— ol 1= ’//’/ - T L T T il il B am A
e T L L i
'84 5 6 1,000,000 2 3 4 5 6 /0000000 6 4,000,000 2 3 4 5 6 /0000000

Reynolds Number

FiGURE 22.—Scale-effect corrections for c1, .-

table IL.)

Column 9. Values of the minimum profile-drag
coefficient corrected to the Reynolds Number of cach
section along the semispan by use of figure 23. The
basis of the correction formula is explained in reference

5. 'The line is plotted to provide a convenient graphi-
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FIGURE 23.—QGraph for estimating variation of ¢4, with R..
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cal solution of the formula. The standard effective
Reynolds Number of variable-density-tunnel tests is
(R.) To find eo, for any other Reynolds Number,

locate the point for (Cd‘)min)

g

from tests in the varia-
8td

ble-density tunnel and travel parallel to the line to

In order to obtain the section maximum lift coefficient at the desired Reynolds Number, apply to the standard-test
value the increment indicated by the curve that corresponds to the seale-eflect designation (types B, C, D, or E) of the airfoil.

(See referenice 5, p. 32, and

the Reynolds Number in question to read the corre-
sponding ¢q, . Although extrapolation by this method
to Reynolds Numbers below 6,000,000 is not strictly
accurate, the extrapolation has been made to 2,600,000

.036 t

032 —

028 - |-

A
// o = = = - 7

0 g 2 3 4 5 6 .7 8 .8
'Cl =& apt'/cl max ~ Clope

\l

10

FiGURE 21.—Generalized variation of Acy,

for the tip scctions of some of the 230 wings, as the
tips contribute only a small part of the drag. The
agreement of the calculated and experimental results

indicates that no appreciable error was introduced.
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Column 10. ¢,,,, is given in the tables of basic air-
foil section data of N. A. C. A. reports and may be
determined from a plot against thickness ratio, as in
figure 21.

Column 11. ¢y, 0, — €y

Colummn 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 1ift coefficient for a
wing ', of 1; c,al=§;La.

From the foregoing basic data, the profile drag of
cach section along the span may now be caleulated for
a given wing lift coefficient. For an airplane, this lift
cocfficient would be the one corresponding to the speed

13

The value of Op, for the wing is obtained from the
area under the curve, as indicated.

The value of Cy, for formula (7) was calculated from
reference 1, except for the wings with standard Army
plan form. For these wings the Cp, and also the ¢,
distribution were calculated by the Lotz method.
(See reference 6.)

The data given in table IV were also used for the
caleulation of Cy, . by the method given in reference 1.

"The ealeulation is repeated here to complete the example

and to give a quick method of estimating the wing
maximum lift cocflicient.

The maximum lift coeflicients of the seetions and the
¢; distribution for C,=1.0 are plotted as in figure 26.
Stalling is considered to begin at the Cp at which ¢,

and Reynolds Number originally assumed. The cal- | reaches ¢i,,, at any point along the span.  The tangent
08
\
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\
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\
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FiGURE 25.—Caleulation of Cp, of the N. A. C. A. 5-10-18 wing; =028

:3g

2 (o b v\ 3873 area )
Cop=ra, f ; cd“Cdy=S—jo caocd(l—’ﬁ,)=~®f [ (0.02) (0.1)]=0.0127

culations are given in columns 14 to 19 for a €, of 0.8
as follows:
Column 14. ¢,=C><ey,; =0.8¢y,.

for miethod for a twisted wing.)
Column 15. ¢i—cy,,,

(See reference 1

Column 16. |ei—eu,,, |/¢tpus—Croper
Column 17. The increment Acg, by which g 18 1n-

creased as the lift cocfficient departs from the optimum.
The generalized increase for any airfoil section is
obtained from figure 24. This curve was obtained
from tests of airfoils of moderate camber and thickness
at an effective Reynolds Number of 8,000,000 and may
be applied with reasonable accuracy down to an effec-
tive Reynolds Number of 2,000,000. (See reference 5
for discussion.)

Column 18. ¢, corresponding to cach value of ¢,
along the span is ¢q,  +Acq,

Column 19. Values of ¢4<c are plotted in figure 25.

curve of ¢, and the corresponding €, are most con-
veniently found from the minimum value of e, /e,
along the span, as shown. Thus, the minimum value
JRR; is 1.50, which is considered to be C,,,, for the
wing. The measured value is 1.49. Part of the ¢,
curve for Cp,=1.50 has been drawn in to show more
clearly the location of the predicted stalling point.
For a wing with twist, the ratio method may he used
by finding the minimum value of (e, —e.,)/c1,-

The calculated and experimental values of (. are
not always in good agreement. In the case of the ellip-
tical N. A. C. A. 4412 wing the values of ¢y,,, of the
sccetions decrease at the tips due to the decrcase in
Reynolds Number and, as ¢, is constant across the span,
stalling would be predicted practically at the tips at a
low value of (', ... 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. 1If
it were assumed that stalling begins at an arbitrary



14

distance in from the tip equal to the chord, the pre-
dicted (., would be 1.74. The (., actually
measured was 1.81, which is surprisingly high, especially
as the root section ¢, is only 1.77.

For a conventional airplane in flight it is not likely
that the computed (7., would be exceeded if stalling
began near the tips because of a loss of lateral control.
The tapered N. A. C. A. 23013-43010 wing (fig. 19) is
an example of a wing designed to avoid tip stalling.

In order to cause stalling at the center, a combination’

of moderate taper, washout, and progression to sections

20— Ty T T T

>
l

!

[

|
g|
|
|
i

~
N
|

- 3 v

REPORT NO. 627 -NATIONAL ADVISORY COMMITTEE FOR ALRONAUTICS

Mo, and the Clark Y wings and best for the wings of
high aspect ratio and taper ratio and for the elliptical
wing. The experimental and caleulated values of C,,,,
are also in good agreement except for the wings with
large sweepback or large twist.

Reference to the experimental and calculated ),
curves of figures 2 to 4 shows that the agreement of the
(., curves is not so good for the wings with large sweep-
back and large twist as for the wings with moderate or
no sweepback and twist. This result would be ex-
pected, however, as the similarity of the flow conditions

Cimax =

C’al 1 150 (CLma:r}

—_——t a4 - — = -4 — — . _]

B o

s stribution (€ =1.0)

AT - o

Stalling begins ~

o
|
I
i

Section lift coefficient. ¢,

EN
|
|

0 7 2 3 a4

5 .6 -7 .8 9

Fraction of semispan, —¥

&2

Fi6URE 26.— Culculation of the Cr at which the N. A. (. AL 5-10-18 wing begins to stall.

having increasing e,,,, (increased camber) toward the

tips was used.
DISCUSSION

COMPARISON OF EXPERIMENTAL AND CALCULATED VALUES

The experimental and calculated values compared in
table T are, in general, in satisfactory agreenient.  The

values of (', , are usually in agreement within the ex-

perimental error of the tests. Of the two computed
values of acrodynamic-center position, betler 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 have little or no sweepback, it is best
to caleculate the wing acrodynamic-center position
on the basis of the experimental section acrodynamic
centers.

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

assumed in the calculation to the actual flow becomes
less as the sweepback and twist are increased.

When the €y, curves are compared, the large scale to
which they are plotted should be considered, as this
factor accentuates the differences. Most of the differ-
ences do not exceed the experimental error of drag
measurements, which may be as much as C»,=0.0006
for O, =0 and may increase to 0.0015 for Cp=1.0.

Of the wings with standard Army plan form (figs. 8
to 12) only the N. A. C. A.- M6 and the Clark Y fail to
show excellent agreement of the Cp, curves. For these
curves the greatest difference is equal to the maximum
experimental error. This difference is probably duc
to the lack of data for sections of various thicknesses
for these wings. The agreement of the Cp, curves for
wings with the standard Army plan form where ade-
quate section data are available (N. A. C. A. 2218-09,
23015-09, and 23018-09 wings) is of interest because
a belief has been expressed that the abrupt change in
plan form at the ends of the straight center section
might cause an increase in drag.
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For the five wings of high aspect ratio and taper
ratio (figs. 13 to 17) the (7, curves agree, in general,
within the experimental error of the tests. The Cp,
curves for the N. A, C. A. 0018-0009, the tapered
N. A. C. A. 23013-43010, and the elliptical N. A, C. A,
4412 wings (figs. 18 to 20) also show reasonably good
agreement, exeept for a difference in the C,,, values
for the elliptical N. A. C. A. 4412 wing. Tt is inter-
esting to note that for the elliptical N. A. C. A. 4412
wing there is no residual induced drag and therefore
Ch, 1s Oy, for the wing.

From the Cp, curves, the minimum values of Cp, and
the corresponding values of O, i. e., C,,, are listed
in table I. These values are useful for comparing the
drag and 1ift coefficients in the high-speed region.

EFFICIENCY FACTOR

The €y, curves were analyzed with a view to finding
an cfficieney factor corresponding to the airplane
efficiency factor used in reference 7. Incorporation of
this factor in the induced-drag term permits the deter-

mination of a nearly constant drag residual over the
(%

working range of 1ift coefficients amounting to Cp— 2 Ae

L. . 1

which in terms of (', is Cp,——5( - —1 }
A

Values of ¢ were determined {rom the plots of Op,

. . O .
against O by using curves of _le —6*1 against O
- .
for various values of e. The value of ¢ was then found

2
from the superimposed curve of ?ﬁ(lé_l) that best

fitted the C),, curve. The curves were made to fit as
well as possible for a (', range of 0.2 to 1.0.  The values
of e are given in table I.  As an example of how the

efliciency-factor curves fit the test or calculated curves,
an efficiency-factor curve has been plotted in figure 10
for comparison with the test curve. This curve is
typical for the wings and shows how the efliciency-
factor curve departs from the Cp, curves below (7,=0.2
to 0.4 and above C,=1.0. Reference to table T shows
that the N. A. C. A. 24-30-8.50 and 2R,-15-8.50 wings,
which have the largest (., ,,, have values of ¢ equal to
and larger than e, respectively, for the elliptical N. A.
C. A. 4412 wing. This result is obtained beeause
shifting the €, curve to the right makes it fit a flatter
e curve, and hence one with a higher value of e. If
(.,,, had been zero for all the wings and they had dif-
fered only in plan form, the values of ¢ would indicate
the departure of the drag of the wings from that of the
ideal elliptical wing. The wings, in fact, are sufficiently
similar and the variations of the Cp, values with lift are
near enough alike so that there is a general reduction of
¢ as the wings depart from the elliptical plan form
toward the wings of high taper.

CONCLUSION

From the foregoing comparison of calculated and test
results it may be concluded that the usual characteristies
of conventional tapered wings, as determined by wind-
tunnel tests, may be calculated with accuracy sufficient
{or use in many airplanc design problems.  The method
of calculation should be of value for reducing wind-tun-
nel testing and for selecting the best wing for a given
airplane design.

LANGLEY MEMORIAL AERONAUTICAL LARORATORY,
NATIONAL Advisory COMMITTEE FOR AERONATUTICS,
LANGLEY Frewp, Va., November 17, 1937.



APPENDIX

CALCULATION OF THE AERODYNAMIC-CENTER
POSITION FROM EXPERIMENTAL DATA

The aerodynamic-center position of the wings and the
value of €y, , were determined from the test data by
the following method. The forces acting at the axis
about which the piteching moment is measured may be
considered to be the normal and the chord forces and
the pitching moment. The forces are represented as
cocefficients in figure 27.

For most airfoils there is some axis about which the
pitching-moment coeflicient may be considered constant
for lift coeflicients practically to Cp,,, (aerodynamic

Oy

Cn and Cn, ..

FicurE 27 — Aerodynamic center and pitching moment.

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

i T Tﬂ C.

8B
efficient about the support point, the pitching-moment
coeflicient about the acrodynamic center may be
written:

Then, if C, is the pitching-moment co-

Cry o =Cn—2Cx—yCc (1)
so that

Cn="0Cn, , +2Cyx+yCc (2)
also

Oy—C4, cos a+ Oy sin a 3)

Co=0C) cos a—Cp sin « 4)

In order to {ind the three unknowns, Cy, ., z, and y,
the basic equation (2) may be used to write three
equations corresponding to three conditions of the
pitching-moment curve of the airfoil.

For the first condition, values of C,, Cy, and C, are
taken for a point P on the pitching-moment curve
before it curves greatly (fig. 27);

Cmp_oma_c._*‘ra\fp—l_yoﬁ'p (5)
The second condition is taken at C,=0
Omozcma,c.+'TCDLo Sin g g, YOy, €OS any g (6)

16

The third condition is taken as the slope of the pitching-
moment curve at Cp,—0

d 7
[( d OL> S g o, +(1 T ODLOJSL> €08 @ (L=o)]

dC,
m’i DCOS o (L:O)] (7)

(l 01

do’\ .
_y[(l +0D1,0 m) SIN Qsy 6,

where
o', is angle of attack in radians,

Lo dC,
n, slope of pitching-moment curve, TIC’TE
L
P, a subseript indicating values for a point near
OLmaz'
0 and L, subscripts indicating values for C,=0
The other symbols have their usual significance.

For normal airfoils, negligible error is introduced by
making the approxima.tions

1; IJFODLO(;Z%L: )

S @y, o= oS @y, o

dCyN . 4o,
Td,,)osm Uy =0, 10;) cos a, _, =0

in equations (5), (6), and (7), and the approximations
CDLO =0, ODLQ(OI’(L=D)')2:O
when they are solved simultancously. The solution

gives x and % in the form.

I—Gmo mp)ax(L 0),+nO(ODL
B Cp, —Ce,

Lo
Omo_ Orup + IQ’VP

CDLQ - CCP

Fs(7,=0) "

4
As(7.-0

—Cep)

4
0‘ ps (1,20

When z and y have been found by substituting the
appropriate test data, the € curve may be computed
from

Ma.c.

0 *—O,,,—ION—yOC

Mg.c.,
ma ¢, 18 practically equal to g so that the
curve is as shown in figure 27.

The value of C,
C

Mg c.
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TABLE IT
ORDINATES OF N. A. C. A. 23015 09 TAPERED AIRFOIL IN PERCENT O CHORD
Spanwise position o 3.000 S/b 2.660 /b 2787 Sfb 2914 S/b
X Root section Coustl,lt(itig" tip Section T Section 1T Section TIT
Stations in percent seetlo
of chord

Upper Lower Upper Lower Upper Lower Upper Lower Upper Tower

{1 R [ 2 S, [ PR L I Q
—1.54 2.04 —. 901 2.34 —LU8 2.24 —1.03 2.12 —-.95
—2.25 2.83 —19 3.22 —L46 3. 18 —1.37 2.94 —1.29
—3.04 3,93 —1.44 4.44 —1.86 4.26 —1.72 4.07 —1.55
—3.61 4.70 — 1.6} 5.26 —-2.13 5.06 —1.95 4.86 —1.76
—4.09 5.26 —1.79 5. 84 -2.37 5.64 —2.18 5.41 —1.94
—4.84 5.85 —2.17 6. 52 —2.84 6.29 —2.61 6.04 —2.36
=541 6, (i —2.5b 6.78 —-3.27 8. 54 -3.02 6.26 -2, 75
—5. 78 6.11 —2.80 6. 86 —3.55 6.60 -3.30 6. 32 —3.02
—~5.06 8.05 —2.96 6. 80 -3.7 6. 54 —3.45 G. 26 —3.16
—5.92 5.69 —3.03 6. 41 —-3.75 6. 16 —3.50 5.89 —3.23
— 5. 5 509 —2.86 5.75 —3.53 5.53 —3.30 5,20 —3.04
—4 81 4.32 —2.53 4.89 —3.10 4. 69 —-2.91 4.47 -—2.69
-3.4 3.42 —2.08 3.88 —2.54 3.73 —2.38 3.54 —-2.20
-2.83 2.41 —1.51 2.74 —1.85 2.63 —1.74 2. 51 —1.62
—1.59 1.31 —.86 1. 49 —105 1.43 —. 08 1.36 —.92
—.90 .72 —. 50 .82 —. 60 .78 —. 56 7 —. 52
—. 16 10 —. 10 1 —. 11 .10 -. 10 10 —.10

L.E. radius..___.____. 2,48 0.89 1.21 1.10 0.98

0.305

Slope of radius through end of chord

Slope of radius through end of chord

ORDINATES OF N. A. C. A. 23018-09 TAPERED AIRTOIL IN PERCENT OF CHORD
Spanwise position 0 3.000 S/b 2.660 Sb 2.787 S/b 2.914 Sfb
Raot section CO“’:“}&‘ lon Lip Section T Section IT Section I1T
Statiens in percent sectlon
of chord
Upper Lower Upper Tower TUpper Lower Upper Lower Upper Lower
__________ 0 emmm—aae 0 R i} [ 0 PR
1.00 —1.83 2.04 —. 01 2.51 —1.17 2.34 —1.09 2.17 —. 99
3.29 —2.71 2.83 —1. 19 3.42 —1.59 3.23 ~1.45 2.99 -1.29
6,02 —3.80 3.93 —1.44 4.08 -2.07 4.44 —1.84 4.15 —1.62
85,01 —4.60 4.70 -1.63 5583, —-23% 5.26 —2.12 4.94 —-1.82
8.83 —5.22 5,26 -1.79 8. 14 —2.66 5.83 —2.36 5. 49 —2.03
0. 86 —6.18 5,85 -2.17 6. 86 —3.18 6. 51 —2.83 6. 13 —2.45
10.36 —6.86 6.08 —2.55 7.15 —3.63 6.78 —3.26 6.36 —2.84
10. 56 —7.27 6.11 —2,80 7.23 —3.93 6.85 —3.54 6.43 —-3.11
10. 55 —7.47 6.05 —2.96 7.18 —4.08 6.79 —3.7 6. 36 -3.27
10.04 —7.37 5. 69 —3.03 6.78 —4.12 6. 40 —3.7 5.99 -3.33
0.05 —6.81 5.09 —2,86 6.08 —3.85 5.74 -3.52 5.36 -3.13
7.75 —5.04 4.32 —2,53 518 —3.39 4.88 —3.10 4. 50 -2.77
6.18 —4.82 3. 42 -2.08 4.11 —2.76 3.87 —2.52 3.81 —-2.27
4.40 —3.48 2. 41 —151 2.01 -2.0 2.74 —L84 2.55 —1.66
2.39 —1.94 1.31 —.86 1.58 —1.13 1. 50 —1L04 1.38 -9
1.32 —1.09 .72 —. 50 .87 —. 65 .82 —. 50 .76 —.54
.19 —. 19 10 —. 10 .12 —. 12 11 —. 11 10 —. 10
L.E. radins ... 3.56 0.89 1.39 1.21 1.02

0.306
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TABLE II—Continued
ORDINATES OF N. A. C. A. 3-10-18 TAPERED AIRTFOIL IN PERCENT OF CHORD

Sfpanwise position 0 5.000 S/b 4.802 S/b 4.920 S/b
Root seclion C(”M[u,t‘l“‘m tip Section T Section TI
Stations in percent section
of chord
Upper Lower Upper Lower Upper Lower Upper Lower
L0 S O, 0 | [ (]

—1.83 2.0 —. 91 229 —1.03 2.12 —.95

—2.71 2.83 —119 | 3.10 —1.37 2.94 -1.29

—3.80 3.9 —1.44 i 4.26 —1.72 4.07 —1.55

—4.60 4. 71 —1.63 ¢ 5.06 —1.95 4.86 —1.76

—5.22 6,20 —1.7 5.64 —2.18 5. 41 —1.94

—6. 18 5.85 —-2.17 6.29 —2. 4l 6. 04 —2.36

—6. 86 6. 06 —2.55 6.54 —3.02 6.26 —2.75

-7.27 6. 11 —2.80 6.60 —3.30 6.32 —-3,02

—7.47 6.05 —2.906 6. 54 —3.45 6.26 —3.16

—7.37 569 -3.03 6. 16 —=3.50 5. 89 —-3.23

—6.81 5.00 —2.86 5. 53 —-3.30 5,26 —3.04

—5.94 4.32 -2.53 4.69 —2.01 4.47 —2.69

—4.82 3.42 —-2.08 3.73 -2.38 3.5 —2.20

—3.48 2.41 —1.51 2.63 —1.74 2.51 —-1.62

—1.94 1.31 —. 86 1.43 —. 08 1.36 —.92

—1.09 .72 —. 50 LT —. b6 .74 —. 52

—-. 19 10 -. 10 L10 —. 10 10 —.10

L.F.radius .. _____.___ 3. 56 0.80 1.10 0.98

Slape of radius through end of chord . 0. 305

ORDINATES OT N. A. C. A. 5-10-16 TAPERED AIRFOIL IN PERCENT OF CHORD

Spanwise position 0 5.000 S/b 4.840 S/b 4.938 S/b
Root section Com&rutcitmn tp Section I Section 11
Stations in percent section
of chord
TUpper Lower Upper Lower Upper Lower Upper Lower
____________________________________ 0 PSS o et 0 [ 0
- 3.58 —L64 2,04 —.01 2.24 —1.03 2.12 —.95
- 4.71 —2.39 2.83 —-1.19 310 —1.37 2.94 —-1.29
- 6.22 —3.31 3.93 —1.44 4, 26 —1.72 4.07 —1.55
- 7.28 —3.94 4.70 —1.63 5. 06 —1.95 4. 86 —1, 7
- 8.03 ~4.47 5. 26 —1.79 5, 64 —2.18 5. 41 —1.94
- 8.97 —-5.29 5.85 —2.17 6.29 —2.61 6.04 —2.36
- 9. 40 —5.90 6. 06 —2.55 6. 54 —3.02 6. 26 —-2.75
9. 57 —6.27 6.11 —2.80 6. 60 —3.30 6.32 -3.02
9.55 —6. 46 6.05 —2.96 6. 54 —3.45 6. 26 —-3.16
9. 07 —6. 40 5,60 —3.03 6.16 -3.50 5.89 —3.23
8.18 —5.04 5.00 —2.86 5.53 —3.30 5. 26 —3.04
6. 99 —5.18 1.32 —2.53 4. 69 —2.91 4.47 —2.69
- 5 &7 ~4.21 3.42 —2.08 3.73 —2.38 3.54 —2.20
- 3.96 —3.04 214 —1.51 2.63 —1.74 - 2.561 —1.062
- 2. 15 —1.7 1.31 —. 86 1.43 —. 08 1.36 —-.92
- 1. 19 —.97 .72 —.50 .78 —. 56 .74 —.52
- 7 - 17 10 —. 10 10 —. 10 10 —-.10
L. E.radius ... ____._ 2.82 0.89 .10 0.98
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TABLE II—Continued
ORDINATES OF N. A. C. A. 5-10-18 TAPERED AIRTFOIL IN PERCENT OF CIHIORD

Spanwise position ] 5.000 S/b 4.880 S/b 4952 S/b
o Root section (“omtrslégggg tip Section 1 Section IT
Stations in pereont
of chor
Upper TLower TUpper Lower Upper T.ower Upper Lower
_____________________________________ [ [, 0 0 R - 0
- 4.09 —1.83 2.04 —. 91 A —1.03 3 —-. 95
- 5.20 —-2.7 2,83 -1.19 3. —1.37 2. —1.29
- 6.92 —3.80 3.93 —1.44 4. —1. 72 407 —1.55
- 801 —4.60 4.7 —1.63 5. —195 4.86 —1.7
- 8.83 —5.22 5.26 —1.79 5. -2.18 5.41 —1.64
- 9. 86 -—6.18 5. 85 -2.17 . —2.61 6. 04 —2.36
. 10. 36 —6.86 5. 06 —2.55 . —3.02 6. 26 - 2.7
- 16. 56 -7.27 6.11 —2.80 8, —3.30 6,32 —3.02
. 10. 55 —-7.47 6. 05 —2.96 6. —3.45 6. 26 —3.16
- 10. 04 -7.37 5.69 —-3.03 6. - 3.50 5.80 —3.23
. 0.05 —6.81 5.09 —2.86 5. 5: —-3.30 5.26 —3.04
- 7.75 —5, % 4.32 —2.53 4. —2.91 4. 47 -2.649
- 6. 18 — .82 3. 42 —2,08 3. —2.3% 3. 54 -2.20
. 4.40 —3.48 2.41 —1.51 2, —1.74 2,51 —1.62
- 2,39 —1.91 1.31 —. 86 1. - —. 08 1.36 —.02
- 1.32 e N .72 —., o) LTS —. 56 .74 —-. 52
_______________________ .19 —. 19 10 -—. 10 —. 10 10 —. 10
L. E. radius.. ccoooeoooe 3.56 0.89 1.10 0.98
Slope of radius through end of chord L e 0. 305

ORDINATES OF N. A. C. A,

5-12-16 TAPERED AIRFOIL IN PERCENT OF CHORD

Slope of radius through end of chord .

Spanwise position 0 6.000 S/b 5844 Sfb 5.925 Sib
Root section CO“S[::&']?: tip Section I Section IT
Stations in percent
of chord
Upper Lower Upper Lower Upper Lower Upper Lower
.................................... 0 [ 0
3.59 —1.64 2.04 2.20 —1.00 2,12 —. 96
4.7 -~2.39 2.83 3.05 —1.34 2.94 —1.29
6,22 —3.31 3.93 4.23 —1.67 4.07 ~1.56
7.28 —3.94 4.70 5.01 —1.59 4. 80 ~1. 7
8.03 —4.47 5. 26 5. 59 —2.11 5.41 —1.94
8.97 —-5.29 5.85 6.21 —2.53 8.04 —2.36
9. 40 -5.90 6.06 6.45 —2.04 6. 26 —2.75
0. 67 -6, 27 6.11 6. 52 -3.21 6. 32 -3.02
9. 55 —6. 16 6. 05 6. 46 —3.36 6, 26 -—3.16
9.07 —6.40 5. 69 G.08 —3.42 5. 89 -3.2
8.18 -5 91 5.09 5.45 —3.22 5.26 —3.04
6.00 —5.18 4.32 4.63 —2.84 4.47 —2.69
5. 57 —4.21 3.42 3.67 —2.33 3.54 —2.20
3.96 —3.04 2. 41 2.60 —L7 2.51 —1.62
2.15 —-1.7 1.31 1.41 —. 906 1.36 —. 62
1.1% —.97 .72 .77 —. 55 .74 —. 52
W17 —. 17 .10 10 —.10 .10 —. 10
L.E. radios. oo 2.82 - 0.890 1.06 0.98
0. 305
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TABLE IT—Continued
ORDINATES O N. A. C. A. 5-12-20 TAPERED ATRFOIL IN PERCENT OF CHORD

Spanwise position 0 6.000 Sjb 5.883 S/b 5.953 S/b
Root section (‘O”S;g(‘fﬁgg“ tip Section T Seetion IT
Stations in perecent
of chord
Upper Tower Upper Lower Upper Lower Upper Lower
____________ 0 [P, 0 [, 0 [, 0
4.60 —2.00 2.04 —.91 2.24 —1.03 2.12 —.95
5.84 —3.00 2,83 —1.19 3.10 —1.37 2.94 —1.24
7. 58 —4.30 3.93 —1.44 4.26 ~1.72 4.07 —L1 55
8.76 —5.22 4.7 —1.63 5.08 -1.95 4.86 -176
9. 64 —6.97 526 —1.79 5.64 —2.18 5.41 —1.94
10.75 -7.07 5.85 -—2.17 6.29 —2.61 6.4 —2.36
11.30 —7.81 6.08 —2.55 6. 54 —3.02 6. 26 —2.75
11. 56 —8.25 6. 11 —2.80 6.60 -3.30 6.32 —3.02
11. 55 —8.40 6.05 —2.96 6.54 —3.45 6. 26 -3.16
11.00 -8.33 5.69 -3.03 6. 16 -3.50 5.89 —3.23
9.96 —7.71 5.00 —2.86 5. 53 -3.30 5.2 —3.04
8.51 —6.71 4,32 —2.53 4.69 —2.91 4.47 —2.69
6.79 —b5. 42 3.42 —2.08 3.73 —2.38 3.54 —2.20
4.83 —3.92 2.41 —151 2.63 -1.74 2.51 —1.62
2. 64 —2.18 1.31 —. 86 1.43 -. 08 1.36 —.92
1.45 —1.23 .72 —. 50 i —. 56 .74 —.52
.21 —.21 .10 —. 10 .10 —. 10 .10 - 10
L.E.radius_.._.._____ 4. 40 0.89 1.10 (.98

Slope of radius through end of chbrd _________________________________________________________________________________ 0. 305
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ORDINATES OF N.

DATA ON SECTIONS

TABLE TII

A. C. A. CENTER-STALLING WING

ORDINATES Continued

Scet

[Percent of chord]

Section Root; 1 2 3 4 5 6 7 ! 8
Positiomn,
fraction
semispan._| 0] 0.200 | 0.400 ; 0.600 | 0.802 | 0.853 | 0.900 | 0.910 | 0.973
Geomelric
washout,
degrees.. .. Q .37 .89 1.47 2,24 2.47 2.70 2.01 3.02
ORDINATES

Root section

Seelion 1

TTpper surface Lower surface Upper surface T.ower surface
Station |Ordinate] Station | Ordinate; Station |Ordinate] Statlon | Ordinate
0 0 0 Q 0 a 0 [

.72 2. 1.78 —1.63 .68 2.31 1,82 —1.50
1.87 3.43 3.13 -2.10 1.81 3.41 3.19 —1.90
4.38 4.96 5.62 —2.64 4.32 1,08 5.68 —235
7.01 6.02 7.99 -3.03 6. 06 6.07 8.04 —2.068
9. 69 6.76 10.31 -3.36 9. 66 6.83 10. 34 —2.97
15.00 7.63 15.00 —3.95 15. 00 7.70 15. 00 —3.52
20, 14 7.98 19. 86 —4.45 20,15 8.02 19.85 —4,01
254 8. 09 24. 86 —4.78 25, 16 81 24, 84 —4.35
30. 14 8.05 29. 86 —4,95 30. 16 8.05 20. 84 —4. 54
40. 14 7.61 39. 86 —4.96 40,15 7.5% 39.85 —4.58
50. 13 6. 84 49.87 —4.63 50, 14 6.81 49, 86 ~1.30
60. 11 5.83 59. 89 —4.00 60,12 5.7 59,88 —3.78
70.09 4.63 69.91 —3.30 70,10 1. 60 60,90 —3.09
80. 06 328 79. 94 -2.40 80. 07 3.25 79.93 —-2.25
90. 04 1.7 89.96 -1.35 90. 04 1.77 89. 96 —1.27
95.02 .98 04.98 —.76 95.02 .97 94.98 ~.72
100. 00 L4 100. 00 —. 14 100. 00 13 1040. 00 —.13

L.E.radius__.._.

1.859 on 0.305 slope

T.. E.radins. .

._..1.744 on 0.346 slopa

Section 4 ion &
Tpper surface Lower surface Tpper surfuce Lower surface
Station |Ordinate| Station | Ordinate | Station |Ordinate] Station | Ordinate
0 0 0 0 0 0 0 0
.54 2.17 1.96 —.95 .63 215 L7 —. 88
1. 63 3.3 3.37 —1.06 1.62 3.33 3.38 —.
413 5,08 5 87 —i. 14 4.12 500 5. 88 —. 47
6.81 6.30 R.19 -1.17 6. 80 6. 32 8.20 —1.00
9. 55 713 10, 45 —1.29 9. 51 7.16 10. 46 —1.10
15. 00 7.9 15.00 —~1.67 15,00 8.02 15.00 —1.46
2. 20 8. 22 19. 80 —2.15 20. 20 824 19. 80 —1.94
25,20 8.21 24.80 —2.52 25, 21 8.22 24.79 —2.31
30.21 8.08 20.79 —2.77 30, 21 8.08 20.7 —2.57
40, 20 7. 52 39. 80 —2.97 40. 20 7.51 39. 80 —2.78
50, 18 6. 68 49, 82 -2.89 50. 18 6. 66 19,82 —2.72
60. 14 5. 64 59. 84 —2.60 A0, 16 5. 62 59 84 —2.47
70. 13 4.45 69, 87 =217 70. 13 4. 43 £9. 87 -2.07
80. 09 3.13 70.91 —1.61 80. 09 31 79.91 —1.54
90.05 169 89,95 —~. 93 90. 05 1.68 80.95 —. 89
05, 03 .92 04.97 -. 51 95. 03 .91 94,97 —.52
100. 00 11 100. 00 —. 11 100. 00 .11 100. 00 —. 11
L. E. radius._.__ 1.295 on 0.524 slope L. F. radius...._ 1.248 on 0.544 slope
Section 6 Section 7
Upper surface Lower surface Upper surface TLower surface
bl Ordi- ; Ordi- Qs Ordi- At Ordi-
Station nate Station nate Station nate Station nate
0 0 0 0 0 0 0 0
.52 2.14 1.98 —.82 .52 2,12 1.98 -7 &
1.61 3.32 3.39 —.87 1. 60 3.32 3.40 —. T
4.10 5.10 5.90 —.83 4.09 5.11 5.91 —. 7
68.79 5. 34 8.21 —.83 6.78 6,37 8.22 —.68
9. 54 7.20 10.46 —.91 9.53 7.2 10. 47 —. T
15. 00 8. 06 15.00 -1.26 15.00 8.09 15. 00 —1.07
20.20 8.26 19. 80 —1.73 20. 21 8.28 19.79 —1.54
25.21 8.2 24.79 —2.11 25.21 8.24 2479 —1.92
30.21 8.08 29,79 —2.37 30.22 8.08 29.78 —2.19
40. 21 7.50 39.79 —2.60 40. 21 7.50 39.79 —2.44
50.19 6.65 19. 81 —2.56 50.19 G. 64 49,81 —2.42
£0.16 5.60 59. 81 —2.34 60. 16 5.59 59.84 —-2.22
70.13 441 69, 87 —1.96 70.13 440 69, 87 —1.87
80.09 3.10 79.01 —1. 46 80. 10 3.09 79,90 —1.40
90. 05 1.67 89, 95 —.85 90. 05 1.066 89. 95 —. 82
95.03 .90 94,97 —.50 95,03 .90 94.97 —. 48
100. 00 il 100.00 -.11 100. 00 1 100. 60 —. 1t
1.201 on 0.564 slope L. F. radius.. .. 1.162 on 0.582 slope

Scetion 2 Section 3
Upper surface Lower sutface Tpper surface Lower surface
Station [Ordinate] Station | Ordinaie ] Station [Ordinate] Station | Ordinate
0 0 0 0 0 0
.63 2.27 1. 87 L5 2.22 1.92
1.75 3.30 3.25 1.69 3.37 3.3
1.26 5.01 574 4. 19 5. (4 5. 81
6,02 £.13 8.08 0. 86 6,21 8 14
9. 62 6. 491 10.38 9. 59 7.02 10. 41
15, 00 7.77 15,00 15. 00 7. 88 15. 00
20. 16 807 19, 84 20. 18 815 19, 82
25,17 8. H 24.83 25. 19 8. 18 21. 81
30, 17 206 2. 83 30. 19 8.07 29, 81
40. 17 7.57 30. 83 10. 18 7.58 39,82
50. 15 B.77 49, 85 50.17 6.74 49. 83
80, 13 5.75 59. 87 60. 11 5,71 59. 86
70.11 4. 55 (9. 89 70.12 4. 51 60, 88
80. 08 3.22 79. 92 80. 08 3.18 79. 02
0. 04 .75 89. 96 90. 05 1.72 89. 95
95.02 .96 044. 98 95. 02 .M 94,08
100. 00 13 100. 00 100. 00 12 100. 00
L. E, radius-____ 1.613 on 0.395 slope T.. E.radius. ... 1.470 on 0.453 slope

Section 8
Upper surlace Lower surface
Station Ordinate Station Ordinate

0 0 0 0
.51 2.12 1.9 —.73
1.59 3.32 3.41 —.72
4.08 513 5.92 —. 60
6.77 6. 40 8.23 —. 56
9.52 7.26 10. 48 —.61
15.00 813 15,00 —.93
20.21 8.31 19.79 —1.40
25,22 8,27 24.78 —1.78
30. 22 8.10 29.78 —-2.05
40.21 7.50 39.79 -~2.32
50. 19 6. 64 49.81 —2.32
60. 17 5.59 50,83 —2.13
70.13 4. 40 69. 87 —1.80
80. 10 3.08 79. 90 —1.35
90. 05 1.66 89.95 -.79
95. 03 .90 04,97 —. 47
100. 00 L11 100. 00 —. 11

L.E.radius- .o .___ 1.135 on 0.597 slope
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TABLE IV
CALCULATION OF Cp,

[N. A. C. A.5-10-18 wing. R, (hasvd on :) =ﬁ,630,000]

1 2 3 q 5 6 7 8 9 10 ] 1
—_ —_ =
) =) >
=S S S g
g 8 = ]
< ~ - o6
Iy © « [
2 = it S
g |18 % s =
2o lai | BB S e 3
g glo | 2 = 3 = hd
e 1= 2 —~ -~ S
S OlEEE| B P E e & F e
= & - S S E 3 s
= & T | & | £ 3 s | = g s | s
0. 0.180 | 6.48 [ 1110 ] 1.59 | o | 1.9 | 0.00091 [ 0.0088 | 0.08 | 1.51
) ie | saa | elgo | Lot o | 1er| .ooss | .ooss| .os| 133
a7 o )a0| Tsalees| o | res! o087 ! .ooss | o8| 157
6] J160 |37 | 576|169 —o05) 168 | Toos4] loos7 | lov |15
8l ‘uolzaz| 308l uTs| —12) 163! Joo7r! ooss| l10| 153
9T | tee| B lum |~ s foor | oove ! l10| 148
950 100 ] 1s6 | 266 | | —22 | 2] looe8| 0077 | 11| 141
1 12 ] 13} ou 5 | 16 17 18 19
-l
]
& s
g . T
- 5
T 0 S 3
8 A I R W B S .
g gl gt £ g
£ ~ I sl & £
= Nl 2 s |=I5] % g g
O 1473 | 0.881 | 0.705 | 0.625 | 0.414 | 0.0032 | 0.0120 | 0.0777
T 1347 | L9509 | 707 | 687 | .49 ] L0037 | L0125 ] 0680
T La67 | 1oz | (st | 741 | 472 Cood1 | o129 | . on6s
I S 920 | 1069 | Isse | 765 | (401 [00i6 | (0133 | .OHS
S I 653 | 1oss | Isco | 760 | 503 loosr | lo130] 0303
2| a2 | Yo7 ! isos | l7os | ta77 ] loosz | loi21 | o2
346 | .82 | .690 | 580 | -411| [0031| [ows | o168
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