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NATIONAL ADVISORY COMMITI'EE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

AERODYNAMIC CHARACTERISTICS OF SEVERAL 

NACA AIRFOIL SECTIONS AT SEVEN REYNOLDS 

NUMBERS FROM 0.7 x 106 TO 9.0 x 106 

By Laurence K. Loftin, Jr., and M. Irene Poteat 

An investigation has been made of the two-dimensional aerodynamic 
characteristics of several NACA airfoil sections at four Reynolds numbers 

from 2.0 X 106 to 0.7 x 106 • The group of airfoils tested consisted of 
four NACA 64-series sections varying in thickness from 9 percent to 
18 percent and having design lift coefficients of o.h, and two NACA 
230-series sections of 12-percent and 15-percent thickness . Aerodynamic 

data for the range of Reynolds numbers from 2.0 X 106 to 0.7 X 106 

were obtained for each of these airfoils, both with and without split 
flaps, in the smooth condition and with roughened leading edges. The 
results of this investigation, together with previously published 

data for the same airfoils at Reynolds numbers of 9.0, 6.0, and 3.0 X 106 , 
are included in the present paper. 

The minimum drag of each of the smooth airfoils increased progres­

sively as the Reynolds number was lowered from 9.0 X 106 to 0.7 x 106 • 
The magnitude of this increase appeared to become larger as the thickness 
ratio of the NACA 64-series airfoils was increased. Decreasing the 

Reynolds number from 9.0 X 106 to 0.7 x lO6 caused a reduction in t he 
maximum lift of all the airfoils both in the smooth condit i on and with 
rough leading edges. The magnitude and character of thi s reduction, 
however, varied with airfoil design and surface condition 80 that the 
comparative merits of the various airfoils changed markedly with 
Reynolds number and 3urface condition. Although the results are not 
entirely consistent, some decreases in the lift-curve slope of both the 
smooth and rough airfoils usually accompanied a reduction in Reynolds 
number. Both the angle of zero lift and the pitching moment appeared 
to be nearly independent of the Reynolds number. 
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INTRODUC'rroN 

Two-dimensional aerodynamic data corresponding to Reynolds numbers 
6 of 3.0, 6.0, and 9.0 X 10 are now generally available (reference 1) for 

a rather large number of systematically derived NACA 6-series and 
4- ~d 5-digit-series airfoil sections. Although the range of Reynolds 
number covered by the investigation reported in reference 1 is 
reasonably wide, engineering problems such as may be encountered in the 
design of personal-type aircraft and helicopter blades may reQuire data 

for a range of Reynolds numbers extending below 3 .0 X 106 • 

With a view toward providing a basis upon which to choose airfoils 
for such applications, an experimental investigation has been made of 
the aerodynamic characteristics of a number of NACA airfoils at Reynolds 

numbers varying from 2.0 X 106 to 0.7 X 106 • The results of this 
investigation are presented in the present paper, together with the 
higher Reynolds number data of reference 1 for the same airfoils. 

The airfoils for which data are presented include four NACA 64-series 
sections, cambered for design lift coefficients of O.~, and two 
NACA 5-digit-series sections, the NACA 23012 and NACA 23015. The lift, 
drag, and pitching-moment characteristics are presented for each of the 

smooth, plain airfoils at seven Reynolds numbers from 0.7 X 106 to 9 .0 X 106 • 
A sufficient amount of data is also presented to show the scale effect 
upon the characteristics of the airfoils with roughened leading edges and 
simulated split flaps. 

:x. 
o 

SYMBOLS 

section drag coefficient 

section lift coefficient 

section design lift coeffic i ent 

maximmn section lift coefficient 

section pitching-moment coefficient about quarter-chord po in t 

section pitching-moment coefficient about aerodynamic center 

section angl e of at~ack 
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dC!~~O section lift-curve slope 

R Reynolds number, based on airfoil chord and free-stream velocity 

are: 

AIRFOILS 

The airfoil sections for which experimental results were obtained 

NACA 64-409 
NACA 641-412 

NACA 642-415 

NACA 64
3

-418 

NACA 23012 
NACA 23015 

These airfoils were chosen for investigation because, on the basis of 
the data of reference 1, they appeared to offer the best possibilities 
for applications where the requirements call for low drag, high lift, 
and moderate pitching moments, and where compressibility effects are 
negligible. Complete descriptions of these airfoil sections, including 
the methods of derivation and theoretical p~essure-distribution data, 
are available in reference 1. The ordinates of the six airfoils tested 
are presented in table I. 

APPARATUS AND TESTS 

Models.- The 24-inch chord models of the six airfoil sections 
tested were constructed of laminated mahogany. The surfaces of the 
models were painted with lacquer and then sanded with number 400 
carborundum paper until aerodyn8IDically smooth. 

Wind tunnel and test methods.- The experimental investigation was 
made in the Langley two-dimensional low-turbulence tunnel (LTT). The 
test section of this tunnel measures 3 feet by 7.5 feet with the models, 
when mounted, completely spanning the 3-foot dimension. The Reynolds 
number is varied by means of the t unnel airspeed since this tunnel 
operates at atmospheric pressure only . Lift measurements are usually 
made in this t unnel by taking the difference of the integrated p~es8ure 
reaction upon the floor and ceiling of the tunnel (reference 2). 
Because of the small dynamic pressures employed in t he present 
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inves tigation, however, more accurate measurements of the lift were 
obtainable with the three-coD11'onent balance which is part of t he equip­
ment of the low-turbulence tunnel. The balance was therefore used for 
the 11 ft and pitching-moment tests i n t he present investigation. 

For tes t s using t he balance, the models ~ere supported in the 
t unnel on t runnions extending through the tunnel walls from the balance 
frame . A small gap was allowed between the ends of the model and the 
t unnel walls to insure freedom of movement of the balance . Stnce air 
leakage through these gaps was considered as a possible source of error, 

lift tests were made at Reynolds numbers of 2.0 x 106 and 1 .5 x 106 with 
the gaps first open and t hen sealed. The measurements for the gaps­
sealed condition were made with the tunnel floor and ceiling pressure 
orifices , and for the gaps-open tests, the balance was used . Results 
obtained by the t wo methods agreed to within the exper imental error 
for t hese Reynolds numbers and would be expected to agree equally well 
at the lower Reynolds numbers. 

Comparative tests showed that more accurate measurements of t he 
drag were poss ible with t he wake-survey apparatus t han with the 
balance . Hence , all drag mea surements were made by the wake-survey 
method (reference ?) with the gaps between the model and tunnel walls 
sealed. • 

Tests.- The tests of each smooth airfoil cons isted of measurements 
of the lift, drag, and quarter-chord . pitching moment at Reynolds 

numbers of 2 .0 X 106, 1.5 X 106, 1.0 X 106, and 0.7 X 106 • In none of 
the t ests did t he Mach number exceed O.l~ . Lift and moment measurements 
at each of t he four Reynolds numbers were also made of the airfoils 
equipped with 0.20c simulated spli t flaps (reference 1) deflected 60° . 
In addition, a ll of t he measurements excep t those of the pitching 
moment were repeated with staniard roughness applied to t he leading 
edges of the airfoils. The stand.ard. roughness employed was the same 
as t hat used in prev ious invest j gations (reference 1) and. consisted 
of O.Oll-inch-diameter carborundum grains spread over a surface length 
of 8 percent of the chord back from the leading edge on the upper and. 
lower surfaces of t he airfoi l. The grains vere thinly spread to cover 
from 5 to 10 percent of this area. 

Supplementary tests were made in the Langley t wo- dimens ional low­

turbulence pressure tunnel (TDT) at a Reynolds number of 6 .0 X 106 of 
the NACA 23012 and NACA 23015 equipped with split flaps. Such data are 
available in reference 1 for the other a irfoils te sted i n the present 
i nvestigation, and were cons i dered neces sar~r for the NACA 23012 ani 
NACA 23015 in order t o compare adequately the type of scale effect shown 
by these airfoils with that of the ot her four. 

' I 
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RESULTS 

The results are presented (figs. 1 t o 6) in t he form of standard 
aerodynamic coefficients represent ing the lift, drag, and quarter-chord 
pitching moment . The Reynolds number range for which the plai n airfoil 

data are present ed extends from 9.0 X 106 to 0.7 X 106 and includes the 
data obtained in the present investi gation for four Reynolds numbers 
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from 2.0 x 106 to 0.7 x 106, and those from reference 1 for three Reynolds 
numbers from 9.0 X 106 to 3.0 X 106 . Dat a are presented for the airfoils 
vith split flaps and with roughened leadi ng edges at five Reynolds numbers 
from 6.0 X 106 to 0.7 x 106 • From the quarter-chord pitching-moment data, 
the position of the aerodynamic center and the variation of t he moment 
about . this point were cal culated and are presented. 

The influence of the tunnel boundaries has been removed from all 
the aerodynamic data by means of the fol l owi ng equations (developed i n 
reference 2): 

Cd = 0.990cd 
, 

c! = O.973c! 
, 

cm / = 0.951cm 
, 

c 4 c/4 

0.0 = 1.0150.0 ' 

where the primed quantit i es represent t he coefficient s measux'ed in t he 
tunnel. 

DISCUSSION 

Insofar a s the scope of t he experiment al data permlts, an analy s i s 
has been made of the effect of several a i rfo i l parameters upon .t he way 
in which the important aerodynamic characterist ic s of the airfoils vary 
with Reynolds number. As an a i d t o t his analYSi s, cross pl ot s are 
used showing some of t he aerodynamic characteristi cs of the airfoils 
as a function of Reynolds number. 

Drag.- The general form of the drag polars corresponding t o the 
various Reynolds numbers may be seen in figures 1 to 6. The principal 
effec t s on the drag of decreasing the Reynolds number from 9.0 X 106 
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to 0.7 x 106 appear to be a variation in width of the flat portion of 
the drag polars, an increase in value of the minimum drag coefficient, 
and a steepening of the drag curves beyond the flat portion of the 
polars. 

The extent of the lift-coefficient range over which the NACA 
64-series sections have low drag, corresponding to extensive laminar 
flow on the airfoil surfaces, generally increases as the Reynolds 
number is lowered. The greatest increase is evident in the results for 
the 18-percent-thick section, but the amount of data available is not 
sufficient to show whether or not the amount of increase varies in a con­
sistent manner with airfoil-thickness ratio. Following reductions in 

the Reynolds number below 2.0 x 106 , some increase of drag with lift 
coefficient within the low-drag range is shown by the results for all 
the airfoils and is particularly pronounced in the drag polars for the 
NACA 642-415 section (fig. 3). Unpublished data obtained at the Langley 

Laboratory have shown this behavior to be related to the formation at 
the lower Reynolds numbers of a laminar separation bubble behi nd the 
posi tion of minimum pressure on the upper surface of the airfoil. The 
increase of drag with lift in the low-drag range is explained by an 
increase in size of the bubble which is caused by the progressively 
more unfavorable pressure gradients over the airfoil. The effect is 
magnified as the Reynolds number decreases. 

Although the rather high value of the minimum drag shown by the 
NACA 23012 and NACA 23015 airfoil sec tions (figs. 5 and 6 ) precludes 
the poss ibility of very extensive laminar bounc1ary laye~s on the airfoil 
surfaces, the jog near zero lift ,.,hich appears in all of the drag polars 
for these sections suggests the formation of laminar boundar y layers. 
Theoretical calculations of the pressure di str ibution around the 
NACA 23012 and NACA 23015 airfoil sections i ndicate that the pressure 
gradients over t he lower surfaces become f avor able to lam2nar flow at 
lift coeffic ients above a small positive value . The jog i n the drag 
polar near zero lift corresponds, therefore, t o t he forma.ti on of laminar 
layers on the lower surface. At the higher lift coefficients, the manner 
i n which the drag increases above the flat portion of the polar de pends 

markedly on the Reynolds number. Be t ween Reynolds numbers of G.O x 106 
6 ' 

and 3 .0 X 10 the drag r ises gradually. At the lower Reynolds numbers, 
the drag rise is preceded b;y a jog which increases in l n tens i ty and 
occurs at progressively Im·rer lift coeff i c ients as t he Reynolds number 
is reduced. Although b01.mdary-layer surve,Ys were not made , t he behavior 
of t his jog as the Reynolds number is lowered suggests the formation of 
a laminar separation bubble near the leading edge of the upper surface. 

The drag polars for t he airfoils wi th roughened leading edges do 
not have a range of lift coefficients over which the drag is essentially 
constant, but r ather, are of parabol ic form. The 10vrer port ~ on of the 
parabolas, over which the drag variation with l i ft coefficient is least, 
appears to become narrower for all the a i rfo ils as the Reynolds number 
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is reduced, except at the lowest Reynolds number (0.7 X 106 ). The 

behavior of the drag polars at a Reynolds number of 0.7 x 106 probably 
results from the fact that the leading-edge roughness employed was not 
sufficiently large to cause fully developed turbulent boundary layers at 
this low value of the Reynolds number. In the rough condition, airfoil­
\~ickness ratio does not appear to have a very pronounced effect upon 

7 

the lift-coefficient range corresponding to the lower portion of the drag 
polar, nor is there very much difference in this range for the NACA 23012 
and NACA 23015 airfoils as compared to the NACA 64-ser ies sections. 

The Reynolds number has a very important effect upon the minimum 
drag (figs. 1 to 6) of the airfoils, both i n the smooth condition end 
with rough leading edges. In order to show more clearly the magnitude 
of this trend, the drag coefficient corresponding to the design Ij ft 
coefficient has been plotted in figure 7 as a function of Reynolds num­
ber for each of the six airfoils tested. The minimum-drag coefficient 
is seen to increase with decreasing Reynolds number for all the airfo i ls, 
both smooth and rough, but the magnitude of the effect seems to be 
greatest when the leading edges of the airfoils are in the rough condition . 
The previously mentioned effect of roughness size is probably responsible 
for the drag reduction shown by the results for the rough airfoils at a 

Reynolds number of 0.7 x 106 • The amount by which the minimum drag 
increases as the Reynolds number is lowered appears to become larger as 
the thickness ratio of the smooth NACA 64-series sections increases. The 
results for the two NACA 230-series airfoils do not appear to follow this 
trend. On the basis of these limited data then, the advantage of using 
an NACA 64-series airfoil becomes less as the Reynolds number is lowered 
and the airfoil·thickness ratio is increased. In the rough condition, 
there is little difference in the minimum drag of the RACA 64-series 
and NACA 230-series airfoils. 

Lift.- The lift parameters which are usually considered to be the 
most important are the lift-curve slope, the angle of zero lift, and the 
maximum lift coefficient. From the lift data presented in figures 1 to 6, 
the values of these parameters have been determined at each Re;ynolds 
number for the six airfoils tested, and are plotted as a function of 
Reynolds number in figures 8 to 10. 

According to reference 1, the lift-curve slope is defined as the 
slope of the lift curve as it passes through the design lift coefficient.. 
Because the low dyne..mic pressures necessary in the present investi gation 
reduced the accuracy of the measuring apparatus, some scatter is present 
in the lift data. For this reason and because some of the lift curves 
had slight jogs near the design l!ft coefficient at the lower Reynolds 
numbers, comparable measurements of the lift-curve slope for different 
Reynolds numbers did not appear possible by the method of reference 1. 
The 11ft-curve slopes of the airfoils tested in this inves tigation were 
therefore considered to be defined by the best straight line through 
the data between zero-lift and the design lift coefficient.. The s106es 
correspondIng to al1 the Re;ynolds numbers from 9.0 X 106 to 0.7 X 10 
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were measured according to this procedure and are presented in figure 8 
as a function of Reynolds number. Some decreases in lift-curve slope are 
seen to accompany a decrease in Reynolds number for all the smooth air­
foils except the NACA 64 3-418. The lift-curve slope of this particular 

section seems to be nearly i ndependent of Reynolds number . The magnitude 
of the scale effect on t he lift-curve slope increases somewhat, particu­
larly for the NACA 23012 and NACA 23015, when the airfoil leadi ng edges 
are rough. 

Although the angles of zero lift shown in figure 9 for the six air­
foils do increase somewhat in a negative direction as the Reynolis number 
is lowered, the magnitude of the effect does not appear to be signif i cant. 

The lift parameter which is most affected by variations in the 
Reynolds number is the maximum lift coefficient. In all cases, , decreasing 

6 6 the Reynolds number from 9.0 X 10 to 0.7 X 10 causes a reduction in the 
maximum lift of the airfoils (fig . 10) both in the smooth condition and 
with rough leading edges. ~he manner in which the maximum lift of the 
airfoIls, both smooth and rough, varies with Reynolds number and the magni­
tude of this variation de~end upon the airfoil design and upon the use of 
a split flap. A sufficient amount of data is not available to permit the 
formulation of detailed conclusions regarding the effect of these para­
meters upon the manner in which the maximum lift varies with Reynolds 
number. One important general conclusion, however, is evident from a 
study of the data presented in figure 10. A consideration of these data 
indicates that the comparative merits of a group of airfoils based on 
data for a particular Reynolds n:nnber and surface condItion may change 
radically as the surface condition and Reynolo_s mnnber are varied. 

Consider, for example, the manner in which the comparative values 
of the maximum lift of the NAC A 64 -409 and NACA 641 -412 change as the 

Reynolds number is lowered from 9.0 x 106 to 0.7 x 106 • Notice also 
that the rather large advantage of the NACA 23012 as compared to the 
NACA 641-412 decreases and finally vanishes as the Reynolds number is 

progressively reduced from 9 .0 X 106 to 0.7 x 106 . The effect of surface 
roughness upon the comparison of the airfoils is quite p~onounced. For 
example, in the rough condition, the maximum lift of the NACA 23012 
becomes progress ively les8 than that of the NACA 641-412 as the Reynolds 

number is reduced and is actually less than that of the NACA 64-409 

below 2.0 x 106 • Also of in erest Is the fact that the decrement in maxi­
m1tm 11ft due to roughness decreases and finally disappears as the 
Reynolds number of the thinner NACA 6-series sections is lowered to 

0.7 x 106, while a rather large decre.'3.se in the maximum lift of the 
NACA 230 -series sections is caused by rougr_~ess, even at this low value 
of the Reynolds number . ~ith split flaps deflected 600 , the data of 
fl~~re 10 show that the amount and t~e of maximum- lift variation with 
Reynolds number are not necessarily the same as indicated by the results 
for t he plain airfoils ; and again, the comparative values of the maxim1nn 
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lift for the various airfoils with split flaps are seen to change with 
the Reynolds number and surface condition. 

9 

Pitching moment and aerodynamic center.- The value of the quarter­
chord pi tching-moment coefficient corresponding to the design angle of 
attack shows practically no variation with ~eynolds number (figs . 1 to 6). 
AccompBIlying changes in the ~eynolds nUIIi'Jer, some change in the variation 
of the moment coefficient wIth angle of attJack is noticeable. Conse­
quently, the chordwise position of the aerodyn~ic center varies somewhat 
with Reynolds number. These variations, however, do not appear to form 
any consistent trend as the airfoil thickness and Reynolds number are 
varied. 

CONCLUSIONS 

From an investigation of the two-dimensional aerodynamic character­
istics of four NACA 64-seri3s and two NACA 230-series airfoil sections 

at Reynolds mnnbers from 9 .0 x 106 to 0 .7 x 106, the following con­
clusions may be drawn: 

1. The minimum drag of each of the smooth airfoils increased progres­
sively as the Reynolds number was lowered from 9 .0 x 106 to 0.7 x 106 . 
The magnitude of this increase appeared to become larger as the thickness 
ratio of the NACA 64-serles sections was increased. 

2. Decreasing the Reynolds number from 9.0 X 106 to 0.7 x 106 
caused a reduct i on in the maximum lift of all the airfoils both in the 
smooth and rough condit i on. The magnitude ani character of this 
reduction, however, varied with airfoil design and surfac e condition so 
that the comparative mer ts of the various airfoils changed markedly wi th 
Reynolds number and surface condition. 

3. Although the results are not entirely conSistent, some dec~eases 
in the lift-curve slope of both the SID00th and rough airfoils usuall y 
accompanied a reduction i n Reynolds number. 

4. Bo~h the angle of zero lift and the quarter-chord pitching 
moment appeared to be nearly independent of variations in the Reynolds 

number between 9.0 X 106 and 0.7 X 106 . 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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TABLE I 

ORDINATES OF NACA AIRFOIL SECTION S TESTED 

NACA 64-409 

IStations and ordinates given in 
- percen t of airfoil chordl 

Upper surface Lower surface 

Station Ordinate Stat.1on Ordinate 

0 0 0 0 
.g77 .829 .623 -. 629 
. 13 1.021 .887 -.741 

1.095 1.~31 ~ · tO~ -. 903 
2 . ~22 1. 95 " . 7 -1.1

6
1 

4. 03 2 .7~2 5.197 -lot 8 
7.29

S 
3·3 3 7 ·703 -1. 87 

~ji() ,.92t 10.202 -1 .857 
·79 15·190 -2.1Q1i 

~.830 5.456 20 .170 -2 .272 
. 8~ g.957 25 .146 -2 ',77 

~.8 2 . 31~ 30 .118 -2. 2J 
·912 6.

g3 ,5 .088 -2.41 
~.942 6. 32 0.058 -2.348 

·972 6'§44 45. 028 -2.174 
50 .000 6. 2 50 .000 -1.930 25.024 6.016 54.976 -1.b36 
0 .~5 5 . ~4 24:~'6 -1.310 

65. 0 ,. ~ - .96
g 70.069 6~.931 -. b1 

S5 .0Z2 3:~5 7 ·928 -.278 
0.0 9 3.154 J~ : ~,i .030 

85.0,9 2'm . 2~ 90 .0 3 1. 8~.957 .4 
95 · 021 .85 9 ·979 .4 

100.000 0 DO.OOO 0 

L.E . radius: 0.579 
Slope of ra~ius through L. E.: 0.168 

NACA 642-415 

[Stations and ordinates given in 
percent of airfoil chor~ 

Upper surface I.cwer surface 

Station Ordinate Station Ordinate 

a a a a 
. 29~ 1.291 ·701 -1.091 
. ~2 1'6~ dbtt :i:~i6 . 9 2. 

2.207 2.8 3 2.793 -2.139 
4.6p 4.121 5. 327 - 2.857 
7.12 ~:m 7.8~ -3.379 
~ . 662 10.338 -, .79/) 

.681 A·122 15·319 - .~~O 
~ : 7§i .066 20.28b -4. 2 

8.7~1 25.244 -5·191 ~.A03 9.2 a 30.~7 - 5 ',72 
.864 9 . ~1 '6:~~ 

-5. 21 
~.9 9. 14 -5· ,,0 

.954 9 .4~ 45 . 6 -a ·034 
50.000 A·01 50. 000 - . 6~ 
g5 . D4O .426 ~.960 -4·07 
0.072 Z·7 2 4:9~ -3 . ~78 

65 . 096 ·954 6~.~89 - 2. ~ 
70.111 6 .~ -2.1 7 
S5. 115 t062 

7 .885 -1.~~ 0.109 S4 ·
891 -. 7 

85 . 092 3.020 .908 -. 328 
90 . 066 1.982 84 ·9~ .086 
95.032 .976 9 ·9 .288 

100.000 0 100.000 a 

L. E. radius: 1.590 
Slope of r adius through L.E. : 0.168 

NACA 641-412 
~tations and ordinates given in 

percent of airfoil chor~ 

Upper surface Lower surface 

Stat.1on Ordinate Station Ordinate 

0 0 0 0 
.3,8 1.064 .662 -.864 
·5/)9 1.g05 . ~31 -1. 025 

t~ 1. 90 1. 56 -1.262 
2'493 2 .7g -1. 6~~ 4.7 g. 30 5.2 2 - 2.1 

7.229 .231 7.771 -2.~3~ 
~ .7'0 4.896 10.270 -2. 2 

.7 5 ~ . 9~9 15 . 25~ - 3.26l 
~ 'A72 .7 0 20.22 - 3 . 5~ . 05 7.36g 25 .19~ -3'A ~ ~ :~ A· 78 30 .15 -3. 9 

.037 e5.118 -3.~17 
~.923 8.12~ O.OTl - 3. 3~ ·963 7 . ~8 45·037 -3·00 
50 .000 1. 86 50 .000 -3-2Zt 
65. 032 Z·246 54 .968 -2.8 
0. 05A .690 2~ · 941 -2.406 

65 .07 6.033 .922 -1.E13 70 ·090 a :2~S t 910 -1. 05 
A5. ge4 3 .~19 7 .906 -'403 
0.0 ~ ~ . 911 -d~ 85 · 07 2·

A
22 ·924 -. 03 

90 . 055 1. 18 8~ . 945 . ~o 95·027 ·919 9 ·973 . 5 
100 .000 0 100.000 a 
L. E. radius: 1.~0 

0.168 Slope of radius through L.E.: 

NACA 643-418 

I$tations and ordinates given in 
percent of airfoil chord] 

Upper surface Lower surface 

Station Ordinate Station Ordinate 

a a a a 
.26g 1.~8 ·737 -1.308 
.48 1. a 1.01.4 -1.560 
.950 2·370 l'~aO -1.~42 2.152 ,.~57 2. 8 -2. Ii 

4.609 . 00 5· 391 :R. 53 
7.095 6' A

08 7'405 .212 
~'295 . 23 10. 05 -4. 7~5 . 17 ~ :~~ 15.383 -6.5 5 
~.657 20 .343 - .182 

.707 10.176 25·293 -6.~6 
~'A63 10.730 30.237 -6. 2 

. 23 11.037 ,5.177 -6·
A
17 

~ . 885 11 .093 0.115 -6. 09 
. 945 10.820 45 .055 -6.440 

50 .000 10.
g
20 50. 000 - 5·908 

66:if8l A' 35 54.9~ -~ . 255 
. ~9 6~ :A8 - .515 

65 .114 Z:Z G 
-3·

A
21 

70 .131 6
4

.869 -2. 96 
J5 .135 a · 54 7 .865 -2.074 

o.12
oA •47l S4 ·8·(3 -1.293 

85·1 3·29 .892 -.602 
90. 077 2.132 8~ . 923 -.064 
95. 037 1.030 9 .963 .234 

100.000 0 100.000 a 

L. E. radius: 2.208 
Slope of radius through L.E.: 0.168 
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TABLE I 

ORDINATES OF NACA AmFOIL SECTIONS TESTED -

Concluded 

NACA 23012 

[Stations and ordinates g iven in 
percent of airfoil chor~ 

Upper surface Lower surface 

Station Ordinate Station Ordinate 

0 ---- 0 0 
1.25 2.67 1.25 -1. 23 
2·5 a· 61 2·5 -1.71 
5·0 .§1 5.0 -2.26 
7·5 ~. a 7·5 -2.61 

10 ·43 10 -2·92 
15 7.19 15 -3· 50 
20 7'lO 20 -a· 9~ 25 7. a 25 - .2 

ag 7'?4 ,g 
-4.46 
-!f.48 

19 l:41 19 -4 .17 

~:~l -3.67 
Jg Jg -3. 00 

3·08 -2.16 
90 1.68 90 -1.23 
95 ·92 95 -.70 

100 (.13) 100 (-.13) 
100 ---- laO 0 

L.E. radius: 1.58 
Slope of radius through L.E . : 0. 305 

NACA 23015 

@tations and ordinates given in 
percent of airfoil chor~ 

Upper surface Lower surface 

Station Ordinate Station Ordinate 

0 ---- 0 0 
1.25 4'~ 1.25 -1.54 
2·5 2·5 -2. 2~ 
5·0 l' 9 5·0 -3. 0 
7.5 ·91 7·5 -4. 61 

10 J.b4 10 :4:~ 15 ·52 15 
20 8.92 20 - 5.41 
25 9.08 25 -5·78 
,g ~.05 ,g -5·96 

lj~ 
-5·92 

19 ~g -~.~O - • 1 
~g 5.25 Jg -3.~1 

3.& -2. 3 
90 2. 90 -1.59 
95 1.12 95 -·90 

100 ( .16) 100 (-.16) 
100 ---- 100 0 

L.E. radius: 2.48 
Slope or radius through L.B.: 0.305 

NACA RM No. L8B02 
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(a) Sectlon 11ft and pitching-moment character istics of the plain airfoil section • . 
Figure 1.- Aer~dynamlc characteristics of the NACA 64-409 airfo ll sectlon, 24-inch chord. Test., TOT 995, and LTT 452. 

~ 
:x> 

~ 
~ 
o . 
~ 

& 
o 
I\) 

f-' 
lAJ 



f2F lA'" P'lli 
I"" 

1.:1 IH I I I I I HI I I I I I I I I I I I I I II fIFI;~hF~.:;:ll"~'JI.'l1JP~~~ ,:' , .. :=:' ;,' '" "', c .. ," ., =;:: -~. h., .srrrrr I h§ =I ... :Y::F 
-- -- - -- -

1 ~'I Grllllllll l lljd I I Lt rI14JJHII~IIlJhlJ, I~~-JMlJ~~I=;\ijJ~ I 'q , I ,: I ~" I=fl tr ,,: 
1-, lftfHfHHE~FFI ' I IMlI '~I'~RI~1*Rtl~~~c'~rum ;;::~~~Jm r==.' •• x : =z= :;==_ >z:::·t=~··~~ 

1';';1 i tOI I II I 1m LLI,-,L LL£LLJ'bhLLL~X I Y J;:Jc.l£jg'[::ll¥l~I::_.L+~~L1~L.EI,=I~--I-cl~I~r:-J'.,L=. 
1-' 

F ' OJ 1 1 1 ~IIJI - l l lrr l l llllllJJI::I.Jlf:llt.'1EI.,-~,-,-~,~ .. " ~ Ihi 
R '51; 1 1 1 1 1 1 1 II I I I I 

-1= 

I~--I I~ - ... 

Ij nil m 11m 1 I I I mllllllrnlml.lli,Llf:::,~o,.~,$q"~1I L~", ,--- -- ,_h -, t" h< _,' "~=':;' i ~=' h ":L s t andard roughness r 

ILf ll '-I "1 :l- lllfrTE-".J.J J;ETh'I Egj~ ~ ~ 
tIl l I I I _r.r~ 

I' 1'''' 
I'" r ..... 

= ' - I :~- - -== . "- .. . . ~ 

1 1 11 .1 LI ~ I,;; 1"':1 I LJ':t# 1 4~JiJl/ It~r-=!. +r:r~ __ Jjl~ 1= E ~ '" 
0-~. l ll l l.l.I l ll FI I I ITIIIJfl l llT l hI ITT'I I "lh fttl'lTif~,I~.~I-H,~ 1=, 

~' 

HF:! ~ 

l " '" ~r-. F'&j 
~l- f--

cD 

o .., ~ .... 

'" l!l 

TT .. F ' 
I I I I I I I "I I I I I I I I I I 

I ~~'" T 

II-< 

"'" J]~ ' n;-
) 
~ 
I '1'01 

1'4i:o mtrUlllr" 
f-'" 

Ii. i&LLj~ 
¥'< 

~tt 
1\ I='Y 

~ I" 
f-I,., L 

I"'. c8' 

(b) Section lift and pitching-moment characteristics of the NACA 64-409 airfoil section with a 0.20c simulated 
split flap deflected 600. 

Figure 1.- Continued. 
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(c ) Section drag c haracteristics and section pitch1n~-mame nt char a cleristics a bout the aerodynamic center of 
t h e p l ain l:ACA 6~-409 a irfoil sec ti on . 
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Aerodynami c characterIstIcs of the NACA 641-412 a irfoil section, 24-1nch chord. Tests, TDT 682, 686, 931, and 
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(b) Section lift and pitching- moment characteristics of the NACA 641- 412 airfoil section with a 0.20c 
simulated split flap deflected 60°, 

Figure 2 .- Continued. 
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(b) Sec tion l ift and pitching-moment characteristics of the NACA 642-415 airfoil section with a 0 .200 
simulated split flap defleo~ed 60°. 

Figure 3.- Continued. 
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(c) Section drag characteristics and Bection pitching~oment charaoteristics about the aerodynamic center of 
the plain NACA 642~15 airfoil section. 

Figure 3.- Concluded. 
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Section 11ft and pitching-moment of the plain 

Figur e L.- Aerodynamic characteristics of the NACA 643-418 airfoil section, 24-inch chord. 
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Section 11ft and pitching-moment ch~racteristics of the NACA 64,-418 airfoil section with a 0.20c 
simulated split flap deflected 60°. 

Figure 4.- Continued. 
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Section drag charaoteristics and section pitohing-moment characteristios about th~ ~erodynamio center of 
the plain NACA 643-419 airfoil section. 

Figure 4.- Conoluded. 
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Figure 5.- Aerodynamic characteristics of the NACA 23012 airfoil section, 24-inch chord. 
LTT 451. 
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(b) Section lift and pitching-moment characteristics of the NACA 23012 airfoil section with a 0 . 20c simulated 
split flap deflected 60°. 

Figure 5.- Continued. 
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(c) Section drag characteristics and section pitching- moment characteristics about the aerodynamic center of 
the plain NACA 23012 airfoil section . 

Figure 5. - Ooncluded . 
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Figure 6.- Aerodynamic characterJstics of the NACA 23015 airfoil 
LTT 451. 
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(b) Section lift and pitching-moment characteristics of the NACA 23015 airfoil section with a 0 .20c simulated 
split flap deflected 60°. 

Figure 6 .- Continued. 
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the plain NACA 2}015 airfoil section. 

Figure 6.- Concluded. 
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