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AS AFFECTED BY SUPPORT INTERFERENCE AND
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VARIABLE-DENSITY TUNNEL
OTHER CORRECTIONS

SUMMARY

The results of an investigation of the effect of support
interference m airjm”l drag data obtained in the vuriable-
density tunnel are presented. A~ a result of the &upport
interference, prwiously Publ’idwd airjoil data jrom th
~ariab[edens-iiy tunnel hme shown too large drag coeji-
cient8 and too large a rate of increase of drag coej%x”ent
with airjoil thickness. The practical effect of th correc-
tions on the choice of the optimum section ie briq?y
considered and corrected data jor a selected list oj airjoils
aTe presented aa a Cmwenience to the dem”gner. .iieth.ods
of oorreeting published data jor other airjoiik are presented.

INTRODUCTION

Airfoil data obtained in the variabh+chnsity tum.d
(refenmce 1) have been published (references 2 to 6) in
forms that were considered at the time of publication
to be most useful to the airplane designer. In the
earlier publications (references 1 and 2), no corrections
other than those for tunnel-wall dlects and to Mnite
aspect ratio were applied to the data, and emphasis was
placed on the pressing problem of obtaining good com-
parative data for judging the relative merits of a.ixfoils
rather than on obtaining absolute accuracy.

It was recognized that certain consistent errore were
present in the data, but it was thought that the tied
of these errors on the comparative value of the data
was not of primary importance. Support+krut int-sr-
ference, for example, was considered to be a possible
source of systematic error, but it was thought that this
interference wotdd not a.thot the order of merit of the
airfoils teated except possibly in the case of very sensi-
tive airfoils, which might also be simila.rlyaffected by
the wing-strut intersections of bipkmes common at the
time. The turbulence of the air stream was thought
not seriously to impair the comparative value of the
data and, perhaps, even to be desirable, because the
extensive turbulent boundary layers ooourring on the
models in the tunneI as a result of the turbulence wouId
alaa be found in practice at high values of the Reyuolda
Number on conventional airfoils with the usual mod-
erately rough surfaoes. It was also considered that
errors arising from failure of the conventional airfoil
theory to predict section characteristics accurately from

the model tests would largely disappear when the data
so derived were used to prediot the characteristics of
wings approximating the same plan form and aspect
ratio as the models.

The absolute accuracy of the data was, however,
improved from time to tinie by the investigation of
cmsistent errors. An attempt to evaluate the effect
of support interference on the measured drag cmdlioients
was inconclusive (reference 4) and no corrections were
applied. The data were further improved by the ap-
plication of corrections for turbulence and for improve
ment of the a.ppro.ximationsto motion characteristics:
The oorrected ooefficienti were designated by lower-ease
symbols, such as c~O,as contrasted to the older CDO.
One of the chief effects of these corrections was to re-
duce the profile-drag coefEcients, particularly for the
thicker a.tioik.

As airfoil data at kwge va.hmsof the Reynolds Num-
ber became available from the N. A. C. A. fuU-scale
tunnel (reference 7) and from foreign sources (r&rences
S to 13), even the correoted prdbdrag ccetlicients ob-
tained in the variable-density tunnel appeared to be too
large. The discrepancy increased with airfoil thic~ess.
The tiportant practical effeot is that the data from the
variable-density tunnel apparently ahowed too large
a vmiation of drag coefficient with airfoiI thioknew.
Correct information regarding this variation may be of
primary importance to the airplane designer in choosing
the optimum airfoiI seotions for actua.1wings.

Further investigations of this subject were under-
taken, one of the most important being an investiga-
tion of three symmetrical sections, N. A. C. A. 0009;
0012, and 001S, under conditions of low’.turbulence in
the N. A. C?.A. fukcale tunnel. Results from this
invwtigation (references 14 and 15) indicate a smaIIer
increase in drag with airfoil thickness than is indicated
by the results from the N. A. C. A. variable-density
tuonel. Furthermore, comparative teats were made
in the two tumnelsby applying strings ta the surface
of the N. A. C. A. 0012 airfoiI to move the transition “
point ta a predetermined position. These tests indi.
cated that, for this airfoil, the discrepancies were too
huge to be ascribed to failure of the efleotive Reynolds
Number concept to correct approximately for the drag
as atlected by transition.
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Another. correction, however, was suggested by the
investigation in the fulhcale tunnel. Differences
between the results from force and momdum methods
of measurement suggested the presence of increments
of support-interference drag that increased with section
thickness. Further tests,made with additional dummy
supports, verified the presence of this type of support
interference in the full-scale t.wmel. Tests were
therefore started in the variable-density tunnel to
investigate any variation of support interference with
airfoil thickness, in spite of the fact that previous
invwtigations (me appendix of reference 4) had shown
no definite corrections for two airfoils, the N. A. C. A.
0012 and 4412. Improvements of the balance of the
variable-density tunnel were expected to enable greater
accuracy than was obtainable from the previous bal-
ance arrangement. The results of this investigation
indicate that marked increments of support-interfer-
ence drag, easily measurable, am present in the drag
reeults from the variabhckmsity tunnel, the increment
increasing with airfoil thickness.

The purpose of this report is to present the cor-
rections for application to published resuhs from the
variable-density tunnel ta g&e more rdiable valu&
of section profile-drag coefficient for airfoils of various
thicknesses. The practical effect of the corrections
on the choice of the optimum section is briefly con-
sidered. Comparison is made between some corrected
drag data from the variable-density tunrd and from
other sources to show the extent of the existing agree-
ment. Corrected data.for a selected list of airfoils are
aka presented as a convenience to the designer.

METHOD

The standard method of testing in the variabh+
density tunnel, the model supports, and the method of
detennining the tare forces are described in refermce 1.
The usual tare tesh..determine the tare forces on the
supports includigg the interference of the model on
the supports. The conventional method of determin-
ing the balance-alinement correction by testing a
symmetrical airfoil through positive and negative
angles of attack determines the effects of balance and
air-str&am misalinement and any interference of the
supports on the model that is equivalent to a change
in air-flow direction.

The method selected for investigating the additional
interferace of the supports on the model was the same
as that described in the appendix of reference 4. Tests
were made of each airfoiI supported by three Merent
methods. Besides the method of using the usual sup-
port struts, teats were made with the models mounted
on the usual suppoits with the addition of speciaI sup-
ports and with the models mounted only on the special
supports. The special supports consisted of three wires
attached to the quarter-chord point of the mothd at
each wing tip and of a sting and an angle-of-attack

strut so locnted as to be as free as possible from rwrc-
dynamic interference with the regular supports. The
sting was symmetrical with respect to the airfoil and
was attached near the traihg edge instead of to the
lower surface, as usual.

The tares due to the special supports were deter-
mined from data obtained from the testswith the models
on the “&ydar supports with and without the spccid
supports. These tares were then applied to the data
obtained with the model on the special supports alone;
the results were then compared with the dat~ obtained
in the customary manner to determine the unevaluated
interference caused by the usual supports. This met-hod
does not eliminate balance deflections arising from
sources other than aerodynamic forces on the model
and the supports. A test was accordingly made with
no model nor supports in the tunnel; the result showed
that no such balance deflections were present.

The scope of the present investigation was limited
to the study of the profile drag at low and moderate
lift co~cients at the highest vaIue of the t-t Reynolds
Number ordinardy obtained (about 3,000,004)), Tests
were made of the N. A. C. .A. 0012, 0018, 0025, 0030,
and 0040 symmetrical airfoils to study the variution of
support interference with airfoil thickness. Tho N. A.
C. A. .43012, 43018, tid 8318 airfoils were also t=ted
to obtain an indication of the variation of support inter-
ference.with camber,

RESULTS AND DISCUSSION

~NIMUM PROFILE-DRAG COEFFICIENTS

The effect of the support interference on the measured
section minimum profile-drag coefllcienta is shown in
figure .1. The increment of the minimum profile-
drag coefficients ca~@ by the support interference is
plotted against airfoiI thicknessfor the five syminetrical
and the tl&e cambered airfoils tested. The points
for the five symmetrical airfoils lie on a fair curve
passing. through zero. at zero airfoil thickness, tl~e
scaiter of the points being small when consideration
is taken of the difficultiw involved in these tests.
The points obtained for the N. A. C, A. 43012 and
43018 airfoils fall close to but on opposite sides of
the curve for the symmetrical airfoils. The camber of
these airfoils (4- percent) is about the upper limit of
camber for the commonly used airfoils, Tho point
obtained for the N. A. C. A. 8318 airfoil. falls 0.0007
above the curve and would seem to indicate an in-
crease in support interference for highly camlxwed
airfoils. In this case, however, the point for the
N. A. C. A. 43018 airfoil w~otid be expected trfall
between those for the N. A. C. A. 8318 and 0018 air-
foiIs; whereas it falls slightiy below t-hatfor the sym-
metrical airfoil. Inasmuch as each point waa obtained
from the results of three tests, two of which (those
with the wire supports) were made with very large
tare fow, the displacement of the point for the
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N. A. C. A. 8318 airfoil from the fair curve is only of
the or&r of the possible experimental error.

The shape of the curve of figure 1 suggqsts that the
int.erference may be largely of the nature of a buoyancy
effect, in which case the interference should be primarily
a function of airfoil thickness; and other factom, such
as camber, should ordinarily be minor variables. Ac-
cordingly, because the present tests fad to show sig-
nificant variations with camber and because it is not
considered practicable to make such tests for a large
number of airfoils, the mduea obtained horn the faired
curve of figure 1 will ordinarily be used to correct the
measured minimum profile-drag coef3icieuts. These
values are thought to represent the correction with
sufEcient accuracy for most applications of commonIy
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used airfoils. The applicability of these vahws b
data obtained at other valuw of the Reynolds Number
is more doubtful, but such application appeam to offer
the best approximation possible at this time and,
accordingly, wiUbe made.

The corrected minimum profle-drag coefficients for
the symmetrical airfoils from 9 to 25 percent thick are
given in table I. The second column of this table
gives the C=Ovahma origin~y published in reference 2.
The tMrd column gives the c% values taken from
reference 5, except for the N. A. C. A. 0025. Some of
these c% values were obtained by cmrecting the (7=0
values for the drag increment (0.0011) to correct to
the effective Reynolds Number and for the tip-drag
increment (reference 4). The rest of the c% values are
from the rewih$sof more recent measurements sirdmly
corrected. The fourth column gives the support-
interference increments taken from the curve of fig-
ure 1. The finally corrected c% values of the fifth

column were obtained from the third cdmm by cor-
recting the data, according to the procadure suggested

209142-4%-s4

in the appendix (equation (1)), for the support inter-
ference and for the retied correction for the effective
Reynolds hTumber. Corresponding values obtained
from the supporthterference tests are presented in
the sixth column. The principid resuh is presented
in tie last cohmm and represents the difference in .-
minimum profiledrag coefficients between the data
published in references 4 to 6 and those presented
herein. Other published data may be corrected by
the methods presented in the appendix.

TABLE I

DATA ON CORRECTION OF MINIMUM DRAG OF
SYMMETRICAL AIRFOILS

Effee~~e Remolds Numk, wwrmfmately8XKKW2]

4 M

g. f. f% sn~~rt
cq (from

(refer- C4 (refer- - C* (&x- ‘%% c~
aifofi ence2) em%b) I&#; rind) feren.~s meuts ●

O.cms O.w O.om
.W74

o.ml ------ O.w
.0207 .W ------ .m36

w12 .m :%% .Q210 .@MO O.ftom .0209
0016 . was .06T7 .(018 .W4 ------

.OIM .OW
. m13

.0216 . ml
g . Olm .Om

.m17
.cum .0379 .:!!’!!

. 014s
.mm

~.0119 .W22 .m2 .owl .Ce27

● OorrectIOninmementsaresumsof incrementsresulthg frommpporkfnkrferenw
correction and ahenge in method of mrrectfrrg for effwtIve Reynolds Number.

* Reference 6.

S.012
$

2

$.010
..
J2
k
~ .008

;
+ .008
&&k
~ -md

.s*
$ .m2
w
$
E-. 0 10 m 30
$ Airfoil fhic.bess, pwcmf chord

~G~~ 2.—Verietionof minimam pmfiie-dmg meftkkt with dIfOfl thickness
Effectke Reynoldsh’uroiw.r,8JOMQQ.

The application of these corrections results in a
greatly decreased varktion of drag with a.irfoiI thick-
n~s. This vmiation is shown for the N. A. C. A.
symmetrical, 230,430, and 630 series airfoik in @ure 2,
which may be considered a correction of figure 53 of
reference 5. It is evident that the smaller increase in
drag with section thickness will affect the choice of
wing sections. The best simple criterion for the selec-
tion of wing sections being considered the speed-range
iudex CJmJC%j=~@we 3 h been prepared from the .—
corrected data of figure 2 to be used in connection with
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figure 61 of referenca 5 ta study the eflect of the cor-
rection on the thickness of the optimum section. The
result of the compmison ia shown in table II.

TABLE II

EFFECT OF SUPPORT-INTERFERENCE CORRECTION
ON OPTIMUM AIRFOIL THICKNESS

Thfckmeseofewtfonfor
h!@est Clmc#d@m{n

N. A. C. A. dl’fOih Qr-t chord)

Fmm O::tied
referenrs

a (fig.8)
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The change in optimum thickness is evidently small
for airfoils without flaps. The 10SSMassociated with
an airfoil that exceeds the optimum thickness, however,
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become less marked so that a compromise airfoil will
tend to be thicker by a greater amount than is indicated
by table 11. This conclusion is particularly significant
when full advantage can be taken of the fact that the
maximum-lift increment produced by a high-lift device
may increase with section thickness. The upper curve

of figure 3 indicates that the optimum thickness for the
230 series may then increase to 12.5 or 13 percent and
that the aerodynamic loss associated with thicker sm-
tions is considerably amalkr than previously indicated.

Fmuss L—VrmMbn of mfnirmrm profile-drag coedlcient with Chfckneesfor
N, A. Cl.A. eynunetrlealafrfoh EfIeetlve R@ynoldsNumber, 8,Z)0,~.

Comparison of the corrected data from the wwiable-
density tunnel with the available comparable datu from
other wind tunnels indicates a generally improved
agreement. The close agreement obtained for the

Airfoil fhichness, percent %wd
TIQUBE6.-VerfatfoR ofproobelreg coeflklent with thfcknessfor N. A. Cl. A. 24ecdee

efrfoile.

N. A. C. A. 0009, 0012, and 0018 airfoils in the N. A.
C. A. variable-density and full-scale tunnels (reference
14) ia shown in figure 4.

Figure 5 shows a comptin between the profile-
hag coefficients at zero lift for the N. A. C. A. 24 series
Mods as obtained in the varhbledensity tunnel and
in the 5- by 7-meter tunnel of the DVL. The data
were not obtained at the same value of the Reynolds
Number, but the application of the correction to the
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data from the variabledensity tumnelhas reduced the
discrepancies.

Comparisons of minimum profile drag are made for
the N. A. C. A. symmetrical seriesairfoils in figures 6 to
9; comparisons of profikdrag coefficients at zero lift
are made for the AT.A. C. A. 24 SACS airfoils in fi=w
10. In all cases, the data have been corrected b the
proper effective ReynoMs Number and for tip effects
when necessaxy to make these data comparable with
those from the variable-density tunneL The agree-
ment of the data for the AT.A. C. A. 0009, 0012, and
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0018 airfoik as obtained in the mu-iabledensity and the
fall-scale tunnels is seen to be generdy satisfactory.
The agreement of the data for the N. A. C. .4. 0012
airfoiI (fig. 7) as obtained in the variabledemity tunneI
and in the British compr=sed-air twmel (references
12 and 13) cannot be considered satisfactory. In
particular, the results from the comprewed-air tunnel
do not indicate a decrease of the minimum profik-drag
coefficient with incensing ReynoIds hTumberaat the
higher Reynolds Numbers. The agreement of the
data obtained in the wu%tbledensity and the com-
pressed-air tunnels (ref~enco 12) for the N. A. C. A.

0025 airfoil (fig. 9) is satisfactory. In the case of the
N. A. C. A. 24 series airfoils (@. 10), the chief discrep-
ancy between the data from the mriabledensity
tunnel and those from the 5-by 7-meter tunnel of the
DWJ (reference 11) is that the data from the DWJ
tunnel show a smaller rate of drag decrease with
increasing ReynoIda hTumber.

“Thesediscrepancies in the rate of decrease of the drag
-with increasing Reynolds hTumbem as shown for the
N. A. C. A. 0012 airfoil in figure7 and for the N.A. C. A.
24 seriesairfoils in figure 10 are particdar]y important
because, for large airphmesj the drag data must be
extrapolated. The Merencea in the data are such as
to cast some doubt on the applicability of the recom-
mended extrapolation formula (reference 4), although
no better formula can be suggested at this time. The
need for additional data obtained at large Reynolds
ATumbersin tunneh of low turbulence is obvious.
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VANATION OF SECTION I?EOFILE-DBAG COEFFICIENT WITH LIFT
COEJ?FICIENT

,’

Curves of section profle-drag coefficient plotted
against section lift coefficient with the model mounted
on the wire supports and on the usual supports am
presented in @res 11 to 17 for seven of the airfoils
tested. The data obtained with the modeIa on the

.-
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FIGURE10.—PmHrrig mafdofent of N. & C. A, 24rsrt?ardzfo5 80measomd at
zero lfft fn the N. A. C. A. v~ble-denelty tmnel andfn the IS-by7-metertmmel
of the DVL.
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wire supports include all corrections and represent the
but available approximation to the actual airfoil
aaction characteristics. The two curves of each figure
are comparable except for the presence of support
interference in the dab- obtained with the model on
the usual supports. The displacement between the
two curvw of each figure thus represents the support
interference.

The data of figures 11 through 17 show a tendency
for the support interference to decrease with increasing
lift coefficients, this tendency being more marked for
the cambered than for the symmetrical airfoils. This
v~tion, however, is not consistent. The determina-
tion of the profiledrag coefficient at other than small
lift coefficients from the support-interference tests was
complicated by the fact that the air-stream direction d
the airfoil was apparently dependent upon the support
system used, necessitating the detmmination of the bala-
nce and the air-stream alinement from the tests of the
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FrQurrrr13,–VarkkIon of prodle-dmg raeOMent with IIft coeSMent, N, A, O. A,
W% airfo5. Effecth-e ReynoIds Mrmtzw, 8,’X@30.

aymmetrical airfoils. The data obtained were thought
not to juatify the application of a varying correction
to the profile drag, and it was decided to apply the
support-intmfe.rencecorrection for the minimum profile-
drag coefficient to all measured profile-drag coefficients.

The effect of applying this constant correction maybe
to indicate an optimum lift coe50ient that is somewhat
too high and to reduce the profile-drag coefficients at
high positive Iift coefficients more than is generally
justified by these tests. Moreover, the eflect of apply-
ing a proportional correction instead of a constant in-
crement to the profile-drag coefficients to correct them
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to the effective Reynolds Number is to reduce still
further the profle-dxag coefficients at hinge lift coeffi-
cients. Figure 11 shows a curve of proille-drag ctoefi-
cients for the h’. A. C. A. 0012 airfoil as obtained from
wake surveys in the fuM-scaletunnel (reference 15) and

FrGU’BEI(i-vddfon Of LWOfih@8f( ccefddent with Uft meflicient. N. .A. ~. A“
401Sdrfoll. Effwti~e Eernclds Number,8j’WCOl

FIGUEE li’.-Vto3atfon of proEledrng ccdk!ent with Uft cmlkfmt. N. A. O. A.
8fID3tifo!l. Efkthe Reynolds Numb% WIWW.

corrected to the effective Reynokls Number ta be com-
parable with the variable-density-tunnel data. It will
be seen that the profledrag coefficients as obtained in
the full-scale tunneI at the h~her lift coefficients are
lower than those obtained in the variabledensity
tunnel, indicating that the application of a constant
support-interference correction probably does not result
in too low profile-drag coefficients at moderate lift
coefficients.

--
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DATA FOR COMMONLY USED AIRFOILS

Aa a convenience to designers, corrected data for a
number of commonly used airfoils are presented in
figures 18 to 59 and in table III. The left-hand side
of each figure prwmts the data for rectangular airfoils
corrected to an aspect ratio of 6 in free air but uncor-
rected for turbulence effects. The right-hand side of
each figure presents the best approximation to the sec-
tion characteristics, which are corrected as summarized
in the appendix. These data supersede previous data
published for these airfoils and are recommended for
design use until more reliable data are available.

CONCLUDING REMARKS I
An investigation of the effect of support interference

on airfoil drag data from the N. A. C. A. variable-
deneity tunnel showed the presenoe in these data -of
large support-interference increments, increasing with

airfoiI thickness. The effects of them increments
were to make airfoil drag data from tho variable-density
tunnel appear high and to show too largo a rate of
drag increase with airfoil thickness. These increments
have been evaluated and the correoted data me recomm-
ended for immediate use. A large amount of recent
data, however, has suggested that these, or other cor-
rections, to airfoil data obtained in the variable-density
tunnel will not produce ultimately satisfactory results.
It is planned, therefore, to obtain further airfoil section
data under test conditions more favorable than those
in the variable-density tunnel.

kQLEY MEMORIAL AERONAUTICAL LABORATORY,

NAtiONAL ADVISORY COMMITTEE FOR AERONAUTICS,
LANGLEY FIELD, VA., F.dwuary 13,1939,
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APPENDIX

SUMMARY OF CORRECTIONS TO AIRFOIL DATA FROM
THE N. A. C. A. VARIABLE-DENSITY TUNNEL

As a convenience todesignemin correcting previously
published data to be comparable with the data published
in this report, a brief summary of the corrections now
applied to airfoil section data is presented. These
corrections apply to data obtained after January 193]
and most of them have been. discussed in greater de-
tail in reference 4. The corrections are. presented in
the order in which they are appIied. Information is
alsogiven to aid in correcting preciously published data.

Corrections for tunnel-wall effects and to infffite
aspect ratio.-The formul~ for correcting the data for
tunnel-wall effects and to in6nite aspect ratio are given
in reference 1. Second-order effects not allowed for in
these formulas have been instigated and found to be
negligible for the usual tunnel teats. These corrections
htive been applied to all published data.

Support-interference correction.—The support-inter-
ference increment as obtainecl from figure 1 for the
proper airfoil thickness is deducted from ..the drag or
the profile-drag coefficients, A support-interference
increment of the pitching-moment coefficient of 0.002
(see appendix of reference 4) .is subtracted from the
merumred pitching moment. This second correction
lms already been applied to all published data.

Corrections to seotion characteristics.-The first-
approximation section characteristics as obtained by
correcting to in6nite aspect ratio are unsatisfactory,
first, because the airfoil theoly does not represent with
sufficient accuracy the flow about the tip portions of
rectangular airfoils and, second, because the m~asured
coefficients represent average values for all the iiitione
along the span; whereas each section actua.lIy operates
at a section lift coefficient that may differ markedly
from the wing lift coefficient. The following corrections
are therefore applied as a second approximation “to the
section characteristics.

Clmm=l.07~Lmaz

%=0.!WQ’
~=m’+-uw~ (deg.)

C~O= CDO+0.0016C~z—$t-6)0.0002 (t5 6)

where t is the maximum thickness of the airfoil in
percent of its chord and the primed values are those
obtained from. the first approximation. For some
unusual cases, where the Iift-curve peaks am very
gradually rounding with little loss of lift beyond the
stall, the maximum lift coefficients for the sections are
increased by 4 percent instead of by 7 percent. The
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curve Qf proflledrag coefficient against lift coefficient
is modified at high lift coefficients (usually abo~e tdwu~”
CL= 1) owing to the change of CZ~tIZand the variation
of c%along the span, resulting in final vahms of ctolowor
thau those given by the formula in this raugo of lift
coefficients (reference 4).

Turbulence,-The corrections fo~ t&Amco. arc
made ‘by use of the concept of an eflectivo Reynolds
hTumber. The scale effects that appear in the tunnel
tend to correspond, in general, with those that would
appear in flight at a higher Reynolds Number, which is
therefore referred to as the ‘(eflcctivo” Reynolds
Number. The effective Reynolds Numbm is obtained
by multiplying the test Reynolds ..Nu.ml>er by tho
turbulence factor, which is taken as 2.64 for the vwial.Je-
density tunnel. This correction to tho effective
Reynolds Number necessitates a correction to the drag
coefficient.; this correction is applied by mult,iplying tho
profile-drag coefficient, after the forogoing corrections
have been applied, by the ratio of tho turlmlont skin-
friction cocdlicient of a flat plate at the ofTcctive Rqm-
olds Number to tbt at thG t.ast Reynolds Numtmr.
This factor is taken as 0.85 for the usual test Reynolds
Number of about 3,000,000. Becau”seof the presence
of induced ve~ocities over the airfoil surface, this
method is considered more justifiable thtin the method
formerly used of subtracting a constant increment.
from the drag coefficients (seo pp. 19-22, re-ferenco4)
but is obviously not applicable WIICHlarge form drags
are involved. For flapped airfoils, alL approximate
correction may be applied by subtracting the incre-
ments determined for the plain airfoil.

Co~ection of previously published data,—Tho im-
portant previously published airfoil data from the
variable-density tunnel may be placed in five groups as
regar~~ the corrections needed to make th data com-
parable w-iih those published herein. ThG five groups,
and the corrections necessary, are as fokvs:

1. T-he “data of group 1 are uncorrected cwcel;t for
those comectians described herein as having been
applied to all published data. The other correct.ions
should be appIied in the ordar listed. These data are
Subject to a correction arising from a consistent error
in measuring the dynamic pressure, If considered of
mflicient imporhmce, these data may be corrected by
thanging the coefficients to correspond to a redlLction
]f measured dynamic pressure of 0.5 percent. (See
Ippendi.. of reference 4.)

2. The data of group 2 are uncorrocted oxcopt for
jhose corrections described herein as lLaving been
~pplied to all published data. The other corrections
Aould be applied in the order listed,
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3. The data of group 3 are partly corrected. The
corrections to section characteristics are satisfactory
except for the ma.simum lift coefficient, which should
be increased an additional 4 percent. A correction, no
longer considered justifiable, has been applied to the
aerodynamic-center position and may be removed by
shifting the published positions back from the leading
edge by 0.005c and by doubling the ~ertical distance
between the aerodynamic-center position and the chord
Iine. The profile-drag coefficients may be corrected
for the support interference and the retied correction
to the effective Reynolds Number by the fo~owing
formula:

C~O=0.85~~OpU,+0.0011–AC%~ti) (1)

where AC~Onfais the proper supporhinterference incre-

ment obtained from figure 1.
4. The only correction needed for the data of group 4

is the correction to the profibdrag coe5cients gi-ien
in equation (1).

5. The data of group 5 need no corrections.
The data of the more important publications are

c1assi6edin the foIlowing table

CLASSIFICATION OF PUBLISHED AIRFOIL DATA
FROM THE N. A. C. A. VARIABLEDENSITl” ViIIfD
TUNNEL

Publishedsource
1

Wo.of N. A.
1.A. Report Figure or table

F
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R Ml - A
R586. - A
R 689.- A
R 586.. A
E5&3-- A
B4@3. - A
.. ------- A
.-------- A ....

a 12
B 10
c 10
D 10
E 10

A 10
B 10
c 10
D 1(
E 10
F lC

Au
B 12
c 12
D 12
E 11
F 1:

0 Ii
D 1:
E 1:
c 1:
EU

B460. - *
R 460.- A
R566-. A
R460. - A
R460-- A

L 72 –L 8
L 62 –L7
L72 –z o
L66 -1.7
L 62 -1.9

L az -2,9
L 7? -3.9
L 74 –4 o
L 73 –4 o
L 57 -3.7
L 41 –3. 4

L 17 -1.2
;6J –L 1

i73 ~i :
LSS -1.:
LwI -1.:

N. .4.0. A. 3212
N. A, C..A.2404
N. A. C. A.2412
N. LC. A.2A16
N. A. C. A. 2418

N. A. C. A.4406
h:. A. C. A. 140Q
h. A. O. A.4412
h-. A. C, A. 4415
N. A. C. A.M18
N. A. C. A. 4421

h’. A. C. A.2330
~. A. C. A._
h. A. C. A.~11
N. A. C. A,2W[
N, A. C. A.!2XW
N. A. C. A.23321

R450-- A
R 588.- A
R688. - )
R 6S3-. !
R@).. i

, RW3.. i

R 610-- i
B 610.- 1
R610. - i
If 610-. 1
R61O-. 1
R 610.- 1

1.84 -2.:
L 76 –z :
L 63 –a !
1.64 -a. I
La” –3, !

-

N. A.c. A.4ao12 R 610-- I
N. A. C. A.43016 R 610.- 1
N. A. C. A.43018 R I31O.. i
k-.A.C. A. OaOIz, R1310.. ,
N. A. O. A.6W6. R61O-. 1

—
1Type of chord. % refemmm10.
~Type of pressuredfstrfbut[on. 8eereference$6.
sType of scaleeffecton mexfmumlift. As ~~pmctlctllyno 5G31M47ect.
~Type of llft+rme peak as shown In the ske chw:

f~ /’”~ /’ n

For other de.sfgnatlons,seereference4.

fA/B/C/~

~Turbulencefeciarfs2.04.


