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S u m m a r y 

Thi s l~eport contains the I i f t, dr'ag, and moment char'acter'­

istics of tapered Olar k Y, G8t t i ngen 39B, and U.S.A. 45 airfoils 

as obtained from tests made in the Variable Density Wind Tunnel 

of the National Advi sory OOffilni ttee for Aeronautics. Tl~e results 

are given at both l ow and hi gh Reynolds Number's to show scale 

effect and to pr ovi de data for us e in airplane design. 

I n t rod u c t ion 

In the last few years tapered wings have been used in in­

creasing numbers . Ther e has , however, been no corresponding 

increase in the study of the ir aerodynamic characteristics. 

Some early test s to determi ne t he characteristics of thick and 

tapered airfoi l s are reported in References 1, 2, and 3, and the 

results of additional tests are given in the series of N.A.O.A. 

reports enti tIed "Aerodynamic C.':aracteristics of Airfoils. II 

These tests, however , were comparatively few, and were made at 

low Reynolds IJwnbers , wi th the exc eption of one on the N.A.C.A. 

BI -J airfoil made in the Variable Density Wind Tunnel. 



2 N.A.C.A. Technical N\)te No. 367 

Bedause of this lack of data, and in r esponse , to request s 

from airplane rllanufacturer s, tests of three tapered airfoils 

were made in the Variable Densi ty Wind Tunnel. The airfoi l s 

chosen wel'e the U. S.A. 45, a model of which had been previousl y 

tested at Mas sachusetts Insti tute of Technology, and two others 

having as their basic profiles the Clark Y and G8 ttingen 398 

sections . T~e airf oils wer e tested at high val ues of the Rey­

nolds Humber to prov ide data for use in airp l ane de sign, and 

also at comparat ivel y low values of the Reynolds Number to make 

possible the deter mination of the scale effect. The data on 

scale effect will be useful in estimating the high Reyno l d s Num­

ber characteristics of other tapered airfoils tested in other 

wind tunnels . 

Description of Airfoi ls 

The general dimensions of t he airfoi ls are gi ven on Fi gure 

1 . It will b e noted that all the models are of aspec t rat io 6. 

For the Clark Y and G~ttinger.. 398, the ratio s of the tip chord 

to the center chord and the tip t hickness t o the center thick­

ness are 0 .5 and 0.25, respectively. The corresponding valuel3 

for the U.S.A. 45 are 0 .6 and 0.36. 

I n the design of the wings geometri c twist was elimi nated 

by pl acing the chords of all secti ons along the semispan in a 

plane. The profiles of the Olark Y and GBttingen 398 were de-

ri ved by thi ckening ai1d thinning from the !Jean crunber l ine of the 
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s tandard s ec t ions. The resulting profiles var y al ong the span, 

as indi cated by the end views of Fi Bures 3 and 4. The mean cam­

b er line of each section along the span is geometrically similar 

t o that of the standard section, and as the shape of the mean 

camber line determines the moment coefficient about the quarter 

chord point and t he angle of zero lift, these values will be 

approximately t he s ame f or the tapered wing as for a rectangular 

wing having the same ba s ic profile. As tllere is no geometric 

twis t and the mean c amb er lines of all sections are similar, 

aerodynami c twi s t i s elimi nated; t hat is, all sections along the 

span begin to l ift at t he sane t i me. For the U.S.A. 45 airfoil , 

however, the tip ordinate s were found by multiplying the ordi­

nates of the c ent er section i n p er cent of chord by 0.6. There­

f or e , the mean Cali1b er line s of t he c e:i.1.ter a::'1.d tip sections are 

not s imilar, a;'1.d the wing has ae rodynarn.ic twist. 

All the air foi ls have the 1~1aximum upper surface ordinates 

in a plane parallel t o t he chords , which results in an effective 

di hedral (elevation vi ew of Fig . 1). As shown in the plan viel.1V 

of Figure 1 and the end vi ews of Fi bures 3, 4, and 5, the quar­

te r chord pOints of all sections (sometimes referred to as the 

aer odynamic center s) li e i n a plane perpendicular to the plane 

of symmetry . 

In the cons t ruc t ion of the ai r foils, templates were placed 

at the center and t ips. The sur f ace waS then cut to a straight 

edge set between corresponding sta tions of the templ ates. The 
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airfoils ,vere made of mahogany and finished with varnish. Af ter 

cO!i.1pleti on of the tests, the ordinates of the airfoils were meas­

ured at sections t inch from the root and tip, and the root and 

tip ordinates were then determined by extrapolation. Both spec­

ified and measured ordinates are given in Table I. The devia­

tions between the specified and measured ordinates were too 

81.1all to affect the aerodynamic characteristics. 

Apparatus and Tests 

A description of the tunnel and of the method of operation 

is given in Reference 5. The tunnel described there has since 

been changed in many respects. The arranger.1ent at the time of 

these tests is shown on Figure 2. Lift, drag, and moment were 

measured for angles of attack fron -6 degree s to +24 degrees 

at Reynolds Numbers of approximately 200,000 and 4,000,000. 

Results 

TI1e data, corrected for the influence of the tunnel walls, 

are given in two forms. Plots of the high Reynolds i~umber data 

against angle of attack are given on Figures 3, 4, and 5. The 

center of pressure plotted on these curves is measured from the 

leading edge of the nean chord and in. per cent of the mean chord. 

Both low and high Reynolds Humber data are given in the form of 

polars on Figures 6, 7 , and 8. The r.loment coeffiCient is based 

upon the ,:lOan chord and is l~eferred to the quarter mean chord 
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po i 11t. The loc a tion of t he r:lome n t axi sis shown on Figures 3, 

4, e.i.1d. 5 . L1 the c a lculat ion of the induced drag parabola plot-

ted on Fig~reG 6 , 7, a n d 8 , a fac t or has been included to allow 

for the increase in dr ug du e to t he variation of span loading 

fr om the elliptica l (Re f erenc e 6). A Slirillnary of high rteynolds 

Humber c harl1c tcristics is g iven in Tab l e II to facilitate the 

comparison of the a irfoils. 

Dis c u s s ion 

3efore c omparL1g t he a erody nami c characteristics of t:le 

three airfoils the d iff erences i n their shapes should be noted. 

The diffe rence in p l ai1 f orm taper and thickness taper is silla1l, 

but the U . S. A. 45 i s t h i nner tha n tlle Clark Y and G~ttingen 398 . 

A c omparison of t h e aer odynamic c ha.rac teristics from Table II 

shows tlle foll owing: t he or der of inc reasing CL max and CD . OLun 

is U. S . A. 45, Cl ark Y, a nd Ggttingen 398 . Center of pressure 

t r avel and l~laximuril LID i mprove i n reverse order. The U.S.A. 

45 a i rfoi l hl1S 4 degr ees l es s ang~lar ra::.ge from zero to raaxiraul11 

l i ft than the Cl a rk Y and the Ggt t i ngen 398 uirfoi1s. 

It is of inter es t t o c omp a r e t hese data wi til those 0:;'1 the 

onl y other taper ed a irfoil tested i n -ehe Varil1ble Dei1si ty Tunnel, 

the ILA. C. A. 8l-J . Th e lL A. C.A. 81-J airfoil had the same plan 

f orm taper as the Cla r k Y and Ggt t i ngen 398 uirfoils, but the 

thickness taper was much greater - fror,1 22.99 per cent to 5.74 

per cent , and t he a irfoil was given a geometriC twist of 5 de-
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grees to appr oximately eliminate aerodyn~ai twist . The tests 

were made in the original Variable Densi ty Tunnel at a Reynolds 

Number of 3,440,000 and gave the following values: CL max = 

1.30, CDOii1in = 0.010, and CM at zero lift = -0 .10. Although 

somewhat different characteristics might result from tests of 

the N.A. C.A. BI-J airfoil under conditions similar to those un-

der which the three tapered airfoils were t ested, the differ ence 

is sufficiently large to justify the conclusion that the .A,C.A. 

BI-J airfoil is inferior . 

~he effect of increase of Reynolds Nwnber on the dharact er-

is tic s of the three tapered airfoi ls is favorable, and larger on 

the minimum profile drag coefficient than on the maximum lift 

coefficient. The high scale maximura lift coefficients, as com-

pared with the low scale maximum lift coeffic ients, show an in-

creas e of 5.B per cent, B 3 per cent, and 12 03 per cent for the 
II 

U.S.A. 45, Gottingen 39B, and Clark Y, respectively. ~1e minimum 

profile drag coeffiCients show a decrease of 46.7 per c ent, 37.7 

per cent, and 40.0 per cent, respectively , The low Reynolds 

Number data on the Clark Y have also been used for comparison 

with data from a test of the srune model in the Atmospheric Wind 

Tunnel. The tests were made at approximately the same Reynolds 

Number all.d agree closely, as shown on Figure 6. 

The effect of plan form on the charac teristics of airfoils 

may be predicted by aerodynrunic theory. Aocording to the theory 

an elliptical span loading, which may be obtained by elliptical 
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plan foriil , results in the n inir.1Un1 i nduced drag and the minimum 

induced angle of attack. Tnese values are lowest for tapered 

wings when the tip chord is from one-third to one-half the cen-

tral chord. For aspect ratio 6, the induced drag of a rectangu-

lax wing is 5 per cent more than that of an elliptical wing, 

w'hereas tlle induced drag of an a i rfoil wi th 2 to I taper is only 

1 per cent Di gher than that of an elliptical wing. 

In order to illustrate the difference bet,reen the aerody­

namic characteristics of the tapered airfoils and a staj,1dard 

rectangular airfoil, the characteri stics of a rectangular dural-

umin Cl ark Y airfoil, obtained under th~ same tun:"1el condi tions 

as those of the tapered a i1'foils, arc compared with the tapered 

airfoil e:i1araeterist ics on Figure 9. It will be seen that the 

minimut'11 drag of tile rectangular wing is approximately 20 per 

cent loss than that of the tapered wing. Inasmuch as the pro­

file of the rec t angular wing is thinner than the mean section 

of the tapered wing (Fig. 10), the rectangular wing would be 

expected -Co have a lower minimum drag. The drag of the tapered 

wing, horever, approaches that of the rectangular wing as the 

lift coefficient is increased , probably because the induced drag 

of the tapered wing is si:laller. 

Langley lifemorial Aeronautical Lt1bo1'ntory, 
Nat io;,1al Advi sory ComIni ttee fo1' Aerol1D.utic s, 

Langley Fiel d , Va., Februal'Y 10, 1931. 
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TABLE I 

Ordina tes. of Airfoils 

Tapered C1urk Y 
._ - -

Center Tip 
Per cent of Chord Per cent of Chord 

Speci f i ed Measured Specified Measur ed 

St11tion Upper Lovver Upper Lower Upper Lower Upper Lower 
0 3.50 +3.50 3.50 3. 50 

1-1/4 6.40 +0.98 6.55 +0.97 5.04 2.34 5 . 06 1 . 74 

2-1/2 7.85 +0 . 11 7.83 +0.09 5.92 2.06 6 . 00 1. 62 

5 9.78 0.94 9 .74 -0 . 94 7.10 1 .74 7. 18 1 .42 

7-1/ 2 11 . 06 -1.58 11.10 -l.Sl 7.90 1. 58 7 .92 1. 34 

10 12.07 - 2005 12 .11 - 2.08 8.54 1.48 8.55 1.30 .. 

15 13.53 - 2. 69 13 .54 - 2 . 71 9.47 1. 37 9.50 1.24 

20 14. 42 -3.02 14.38 -3.08 10.06 1.33 10.06 1.24 

30 14.85 -3.15 114.85 -3.23 10.35 1. 35 10.44 1. 30 

40 14 . 47 -3.07 
I 
14. 41 -3.12 10.08 1.32 10.11 1 . 27 

50 13 . 35 - 2 . 83 13.31 -2.90 9.30 1.22 9.32 1. 22 

60 11.62 -2.46 11.62 -2.53 8 . 10 1.06 8.10 1.05 

70 9.33 -1.98 9.34 -2.07 6 . 50 0 .85 6. 53 0 . 87 

80 6 .63 -1.41 6.57 -1.46 4.62 0.60 4.68 0 . 57 

90 3.56 -0. 76 3 . 53 -0.75 2.48 0.32 2.57 0 . 25 

95 1.89 -0. 40 1. 87 - 0.35 1.32 0.17 1.42 0 . 10 

100 0 . 15 -0.03 0.11 0.01 
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TABLE I (Cont'd) 

Ordinates of Aix foi1s 

Center Tip 
-----t --.------- . ___ :ap.ered G8ttin

g

ren 398 

Per cent of Cnord Per cent of Chord 

Specified Measured Specified Measured 
Sta.tion Upper Lower Upper Lower Upper Lower Upper Lower -

0 3 .74 +3.74 3 .74 3.74 

1-1/4 6.86 +1.22 6.94 +1. 30 5.45 2.63 5.70 2.58 

2-1/2 8.35 +0.33 8.38 +0.41 6.35 2.33 6 .58 2.33 

5 * -0.58 10.43 -0. 60 * 2.10 7 .. 80 2 .. 13 

7-1/2 * -1.20 11.90 -1.15 * 2.05 8.70 2.13 

10 12.96 -1.44 13.04 -1.51 9.36 2.16 9.43 2.13 

15 14.49 -1.90 14.57 -1.86 10.40 2.20 10.38 2.18 

20 15,42 -2.08 15. 40 -2.05 11.04 2.29 11.03 2.20 

30 15.91 -2.09 15.93 - 2.06 11.41 2.41 11.40 2.35 

40 15.38 -1. 79 15.44 -1.89 1L09 2 . 50 11.10 2.35 

50 14 .20 -1.61 14.16 -1.65 10.25 2.34 10 .20 2.20 

60 12.16 -1.31 12.16 ·-1.34 8 . 80 2.06 8.82 1. 95 

70 9 .72 -1.00 9.71 -1.03 7.04 1.69 7.03 1 .58 

80 6.98 -0.64 6.98 -0 .. 73 5.08 1.27 5.05 1.20 

90 3.82 -0.37 3 .. 85 -0 .. 41 2.77 0.68 2.83 0.75 

95 2.15 -0.23 2.18 -0.28 1.56 0.36 1.62 0.50 

100 0.50 -0.07 0 .. 36 0.07 

*These ordinates were omitted because they did not fair with 
the ot11ers. 
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TABLE I (Conttd) 

Ordinates of Airfoils 

Tapered U. S.A. 45 
- - -

Center Tip 

Per cent of Chord Per cent of Chord 

Specified Measured Specified Measured 
Station ppper Lqwer Upper Lower Upper Lower Uppe:r Lower -

0 1.63 +1.63 0.98 +0.98 

1-1/4 4.00 +0.25 4.09 +0.25 2.40 +0.15 2.50 +0.04 

2-1/2 5 . 31 -0.20 5.46 -0.20 3.19 -0.12 3.26 -0.20 

5 7.49 -0.74 7.61 -0.74 4.49 -0.44 4 . 45 -0.46 .. 

7-1/2 9.09 -1.06 9 .14 -1.08 5.45 -0.64 5.40 -0069 
" 

10 10.20 -1.30 10.22 -1.32 6.12 -0.78 6.14 -0.S2 

15 11.69 -1.63 11.66 -1.62 7.01 -0.9S 7.16 -1.02 

20 12.49 -1.79 1 2.45 -1. S1 7.49 -1.07 7.66 -1.13 

30 12.56 -1.96 12.55 -2.01 7.54 -1.1S 7 . 56 -1.22 

40 11.54 -2000 11.51 -2.05 6.92 -1.20 6.94 -1.24 

50 10.13 - 1 .96 10.06 -2.00 6.08 -1.18 6.07 -1.22 

60 S.44 -1.79 8. 36 -1. S1 5.06 -1.07 5.10 -1.13 

70 6.54 -1. 50 6.50 -1.49 3.92 -0.90 3 . 97 -0.91 

80 4.48 - 1.09 4.44 -1.08 2.69 -0.65 2.79 -0.64 

90 2.29 -0 . 60 2.29 -0.57 1.37 -0.36 1.57 -0.26 

95 1.15 -0.30 1.14 -0.29 0.69 -O.lS 0.91 -0.13 

100 0.00 0.00 0.00 0.00 
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TABLE II 

Characteris tics for Reynolds Number = 4,000,000 

C ark Y G8ttingen 398 U.S.A. 45 

Maximum lift coeffi-
cient 1. 54 1.61 1.43 

Minimum profile dxag 
coeffic ient . 0093 .0101 .0080 

LID maximum 31.9 30.9 33.3 

C.P. at CL max (%) 28 30 36 

C.P. at 1/4 CL max 
(%) 40 44 33 

Angle from zero to 
maximum lift 33.3° 34.3° 19.8° 
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