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TESTS OF THREE TAPERED AIRFOILS BASED ON THE
N.A.C.A, 2200, THE N.A.G.A.-Ms, AND THEE CLARK Y SECTIONS

By Raymond F. Anderson
SUMMARY

Three tapered airfoils based on the N.A.C.A. 2200, the
H.A.C.A.~M6, and the Clark Y sections were tested in the
variable~density wind tunnel at a Reynolds Humber of ap—
proximately 3,100,000, Thse models, which were of aspect
ratio 6, hed constant chord center sections and rounded
tipe, and tapoered in thickness from 18 percent at tho roots
to 9 percent at the tips. The asrodynamic characteristics
arc glvon by the usual dimonsionloss coefficionts plotted
for both positive and negative engles of attack and by of-
foctivo profile~drag coofficients plottod against 1ift co-
officlonts.

INTRODUCTION

For the purpose of providing standard airfoil charac~
teristics for use in airplane design, the Matériel Divi-
sion of the Army Air Corps requested that six airfoils
having commonly used sections be tested in the variadble-
density wind tunnel, In accordance with this request, the
six alrfoils were tegted and the results are given iIn ref-
erence l, In order to extond the standard characteristilcs
to tapored wings, the Hatdriel Division lator requosted
that two of the sections, tho N.A.C.A.-M6 and the Clark Y,
bec uscd as basic socctions for two tapered airfoils. The
¥N.A.C.A. therefore had two tapered airfolils constructed in
accordance with the followlng specifications: plan taper
231, constant chord center section of length equal %o the
root chord, rounded tips, aspect ratio 6, and thickness
taper 18 percent to 8 percent. After the tests of these-
airfolls were completed, testes of an additiongl tapered
airfoil based on the N.A.C.4&. 2200 seoctiong were rsgussgi-
eds This airfoll was supplied by the Consolidated Alrcraft
Corporation. The airfoils are referred to in this report,
according to the basic sections, as the W.A.C.A., 2218«09,
the MN.A.C,A.-M6, and the Clark ¥ tapered alrfoils,
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- AIRFOILS AND TESTS -

e

The airfoily. were congtricted -of aluminum alloy. For
the N.A.C.A,~M6 and Clark Y airfoils, the tolerance on the
ordinates was L0.003 inch and tie airfoils wore meagured -
to insure conformance with the tolerance. TFor the W.A.C.A,
2218-09 airfoil, the tolerance was .Z0.004 inci, but this
airfoil was not constructed or measured at the N.A.C.A.
laboratory.

The airfoils are shown in figure 1. The plan forms
and froat elevations of the tapered portiong of the air-
foils were determined by basic trapezoidss In plen form
the bagic. trapezold-was tapered 2:1 'as shown by the dotted
lines-in figure l. . The tips of the taperod airfoils wero
formed within the trapezoidal tipss - Tho trailing edgo of
cach %lp was detormined by a radius from & conter on t.o
line of 25 porcent stations, and the leading odgo was’ do-
‘torminod by tho comdition that the lino of 26 percent sta-
tions continuo as a- straight iine to ti2e extrome tipe. Tho

rEa

modols had a moan chord of 5 inches and a épanp of 30 inches,

Tho aspeoct ratio was 8.

__'EE'.‘._- FoI.T = -

The thickness taper (in percent of the chord) is from
18 percent at the root %o 9 percent at the tip of the bas-
lc trapezoid. Tho thickness ratios of the tip sections 2,
3, and 4 are the same as the thickness ratios of tho corro~
aponding -88ctions of the basic trapezoid. -

e e e s mean - i S —F Tl

The ordinatgs of the (Qlark Y and W.A.C.A.-M6 eirfoils,
wiaich are given in tables I and II, were obtained by in-
creasing.the upper and lower ordinates of the basig sec—
fions by equal amounts, thereby leaving the mean line ap- |
proximately unchanged. Ordinates of the 2218~09 tapored
eirfoil were given ir inches on a working drawing of tho
model,.. However, as the ordinates of the tip sections were
not givéfi"at all of the standard stations, a set of ordi-
nates 46f the sections at standard stations was Aerived acd
ls given in table III. The method of deriving these or-
dinatey may be found in reference 2, Tae eectiong glvon °
in tablo III have the same thicknoss ratios ag the Clark

Y and N.A.C.A,exs airfoils, The sections givon on tho
working drawing had slightly different thicknges ratios at
tae tips, T T . e DL . .
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sections betwegn the root section and secEion 1. Were
formed by using ‘straight-line elements between corre-
sponding points of the root section and section 1.

In front elevation, for the Clark Y and N.A,C.A.-M5
eirfoils, thé upper surfece af the B0. percent’ sta%ibns o
is formed by a straight line” actoss the span betwecen tip
soctions 1, as shown in figure l. Then from soction 1 %o
the tip the thicknoss at the 30 percont stations doparts
equally on tho top and bottom from the thickness of the
badic trapozoid. For the W.A.C.A, 2218-09 airfoil, how-
over, tho 30 porcent ordinatos wero in linc nearly to soc-
tion 4, thereby producing an incroaso& dihodral at the
tips. . -

"Tho variablo-donsity wind tunnol and the mothods 6%
making airfoll teste are fully described in refereance 3,
Tho airfoils wero tested-under the usual large dyndmic
scaloc test conditions corresponding to a Roynolds Number
of approximatoly 3,100,000 based on. the moan chord, Lift,
drag, and pitching moment were. measure& at Poth’ poa{tive
. and negative angles of attack. o :

et . - . e .. L= - - e

RESULTS. AND DIBCUSS 10X

The results of the teets are presented in figures 2,
3, and 4 in the form of dimensionless coefficients plotted
against angle of attack. Corrections for the influence of
the tunnel walls Rave been applied by the nethod of Tefer~
ence 2. 'The pitchipng-moment coefficients are roeferred to
an axis about whidh” they are practically constant for a
considerable range of angleo of attack. Tho intersection
of this axis with the plane of symmotry is the aserofynanic
centor and tho pitching-moment coofficients aro according-
ly designatoed Gma'c.. The locatlion of tho cma.c. axis

is given from the quarter-chord point of the root chord as
shown on the figures.

In order to facilitate comparison of the drag of the
airfoils, & plot of efféctive profile—~drag coefficient
against 1ift coefficient is giveon in figure 5, The effegc~
tive profile~drag coefficiont Cpy is given by

—_ - 'r—-I—' —— -
Cpg =€ 6 (
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waere. Cp is the total drag coefficient of tho wings for

aspocht ratio 8, and Cp%/6m is the induced-drag cooffi- .
ciont of a wing of aspect ratio 6 with elliptical spen :
loading.

Important characteristics of the turec cirfoils aro
givon in the following tablo.

ro1r ©_imex
Airfoil CLax CDg min Gr Cm,
N A.C A, 2218«09 1.60 0.0100 160 ~0.029
N.A.C.A,.~M6 1.49 .0095 157 ~+006

Clark Y 1.67 .0102 164 . =071

The valucs of gilven in the table may be -

GLmax/CDe min s
consiflorod a measuro of the relative cefficioncy of the air-

foils. On this basls the order of merit is CGlark Y, v
T.A.C.A. 2218-09, and ¥ A.C.A.-¥6. The N.A.C.A, 2218-~09

alrfoill, however, has & more favorable value of Cmg than

the Clark Y.

Langley Memorial Aeromnautical Laboratory,
Fational Advisory Committee for Asronautics,
- Langley Field, Va., November 17, 1033,
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Table I

ORDINATES OF CLARK ¥ TAPERED AIRFOIL

(Values in percent of chord)

Section

Root, Section ~ Section ~8ecticn
section 1 -2 3 4
Stetiona| Upper |Lower | Upper | Lowsr | Upper | Lover | Upper |Lower | Upicr [Lower
0 3.50¢ 3.50 3.50 3.501 3.50 1 3.50 3.50 } 3.50 2.50 | 3.50
1-1/4 6.40f .98 549 1.89 ] 5.38 [ 2.00 5.27 | 2.1 5.14 [ 2.24
2-1/2 7.850 J1L { 6.56| 1.42] 6.40 | 1.56 | 6.24 | 1.T4 6.06 11,92
5 9.78| .94 7.98 B4 7.76 | 1.06 F.54 | 1.30 7.28 | 1.54
7-1/2 11.06(-1.58 8.94 B4 8.70 18 8.42 | 1.06 8§.12 [ 1.36
10 12.071-2.05 §.71 Sl 9443 5 9.13 .89 #2.79 1 1.23
i5 13.53|-2.69 | 10.81 .03 10.49 351 10,15 | .89 9.76 | 1.03
20 1L.42(-3.02 | 11.50 -.10| 11.15 25 | 10.78 62 10.36 | 1.04
25 14.751-3.13 | 11.7% .13 ] 11.40 22 | 11,02 60 10.59 | 1.03
30 14.85-3.15 | L1.83 | ~.1411L.481 .22 | L1.10| .60 | 10.6611.03 -
40 447 -3.07 | 1153 -.13111.18 .22 | 10,81 .59 10,39 | 1.01
50 13.35|-2.83 | 10.64} -.12| 10.32 20 | 9.98 .54 9.59| .93
60 11.62{~R.46 9.26 -.10} 8.98 18 8.68 48 8.341 .80
70 9.33}-1.98 744 -.0B| 7.22 VA 6.97 37 6.9 | .65
80 6.63|-1.41 5.28 -.06] 5.12 .10 4.95 .27 LaT6 ] W46
" 90 3.56| ~.76 2.83 -.03] 2.75 .05 2,66 A 2.55| .25
95 1.89] -.40 1.50 ~.02] 1.4€ 02 1.42 .08 1.36| .14
100 «15| ~.03 A2 00 w12 00 Al .01 A1) WOl
| .
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Table II

ORDIFATES OF M.A.C.A.-M6 TAPERED AIRVOIL

(Velues in percent of chord)

Reot Section Section Section Section
section 1 2 3 b

Stations | Upper |Lower |Upper |Lower |Uppor| Lower. | Upner| Lower Uppor | Lower

0 a 0 0 0 0 0 0 0 0 0
1-1/4 2.90 1 -2.70 1.96 | -1.76 | 1.85 | -1.65 | L.73 | -1.53 1.60 | -1.40
2-1/2 4L.0G | =346 | 2.80 1 -2.20 | 2.65 | -2.05 | .49 | ~1.89 | =2.31]-L.71
5 5711 ~4 1 L0211 -2.72 | 3.82 { ~2.52 | 3.60 | -2.30 336 -2.06
7-1/2 6.92 | -5.00 L.92 | =3.00 | 4.€69 | -2.77 | 44d | ~2.52 4.5 | 2,23
10 7.94 | -5.46 5,70 | =3.22 | 5.43 | -R.95 | 5.4 | ~2.66 L.82 | =234
15 9.328 | -6.02 | 6.80| -3.44 | 6.50 | -3.14 | 6.17 -] ~2.8) | 5.80| -2.44
20 16.34 | ~6.42 | 7.53| -3.6L [7.20 1 -3.28 | G.84 | ~2.92 B.44 | ~2.52
25 10.93 | ~-6.63 7. -39 | 7.64 1 -3.34 | 727 | -R.97 6.85] -2.55
30 11.21 | -6.79 8.20| ~3.77 |7.85 1 -3.41 | 7.46 | -3.03 7.03 | ~-2.60
40 11.02 | -6.86 8.03 | -3.87 |[7.68 | -3.52 | 7.29 | -3.13 6.87 [ -2.7L
50 10.05 | -6.73 7.260-3.92 | 0,91 | -3.59 | 6.55 | -3.23 6.15] -2.83
60 8.49 | ~6.29 6.01 | -3.8L | 5.72 | -3.52 | 5.4% | -3.2%L £.05 1 ~2.85
70 6.59 [ ~5.49 LeST | =340 [ 433 ] =3.23 | 4.07 | -2.97 3.78 | ~2.68
80 453 | =429 3.05 | -2.81 | R.B3 | -2.64 | 2.69 | ~2.45 481 -2.24
90 2.38| -2.80 1.54 | -L.76 | L.45 | =1.67 | L34 | -1.56 1.221 ~1.44
95 1.37 | -1.57 .88 | -1.08 82 | -1.02 J16 -.96 69 -.89
100 391 -39 26| -.26 7A - 2 23 -.23 Ll .21

'O 990N TwOTUYUOeL *V'O°V'K
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Table ITI

ORGINATES OF THE N.A.C.A. 2213-09 TAPERED ATRFOIL -

(Values in percent of chord)

N.A.C.A. Tochnical Note Ne. 487

Section

Upner | Lover

ll02

Sectlon

Upver \Lower

1,21

Section

Upper |Lower

1.40

Section

Uppor | Lover

1,58

Root

secticn

Opper | Lower

3,56

The radius centers lie on a line of 2/10 slope through the end of the chord]

Statlons

Rad.

L.El

o ———— B —
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Figure 1. Dimensions of thes airfoils expreased as ratios to the mean chord.

K

*ON§ ©3O0f TBOTUUDSL *V'O V'K

i8%

*B1d

T



http://www.abbottaerospace.com/technical-library

1.8
1.6
1.4

1.3

1.0

.8

.68

4

.3

0

~.4

~.8

—.8

"1.0

— /
)
o
c A/
2 /]
8 0 N\ X A
H <] 1/ \\
b \ | AT ¢-P- Y
30 b e
g ._“ v} /’ .p' by ”
X" ]
230 © 40 ?'\\ '.1/ -
o ¥ N 4
16 z 60 / ]
o ISEEY ASE
313 w80 A C1 L
> 18 \ X N
o g \ / ‘\
[ |
§ o foo 5 A <
9 4y | P )
o H | ~ ]
P o L
$ 0 ] i m
A8 L N N & F i
- o] N | t o2
- A \ /! | o
° g N // j 4 - 0.080 g = 0.079 [ TF
E 12 = / 6 = the mean chord
moE N ‘><
_16 . \ [ t - e -
) S s \eeau LU
° \n / \\,/ —c/4— —-—H—F—‘Root choxrd1—
-20 -0 ' i\ﬁoﬁt|sﬁ°tiﬂn
|
-33 -38 34 -30 -18 -13 -8 -4 0 4 8 13 18 30 34 a8 32

Figure 3.— Airfoll: Tapered Clark Y.
Vel. (ft./sec.): 68.9

Where tested: L.M,A.L.

Angle of attack, a (degrees)

Teats: V.D.T. 943, 1017

R.N.: 3,170,000
Press. (st’n’d. atm.): 30.8
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Size: 5% (mean chord) x 30"
Dates: 1-6-33, 4-5-33
Results corrected for tunnel-wall effect.
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Figure 3.- Airfoil: Tapered N.A.C.A. —N8 R.N., 3,170,000 Size: 5" (mean chord) x 30%
Vel. (ft./sec.): 69.0 Press. (st'n'd. atm.): 30.8. Datea: 1-7-33, 4-5-33.
Where tegted: L.M.A.L. Tests: V.D,T. 944, 1016. Repults corrected for tunnel-wall effect.
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