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A SYSTEMATIC INVESTIGATION OF PRESSURE DISTRIBUTIONS AT HIGH SPEEDS OVER
FIVE REPRESENTATIVE NACA LOW-DRAG AND CONVENTIONAL AIRFOIL SECTIONS

By DONALD J. GRAHAM, G~RiLD E. NITZBERG, anti RoBEEr N. OLSON

SUMMARY

Pressure di8tribuiiow determined from high-speed wind-
tunnel te8t8 are pre8ented for$re AT.4C’.4 airfoil 8ection8 repre-
W?ntatire of both [o?&drag and conrentiona[ types. Section
charactem”M-c8 of li~~ drag, and quarter+hord pitching moment
are pre8enied along with the meaaured pre8eure di8tribution8
for the A’AC.4 66CI?16 (a =0~, 66+%15 (u= O.6), 0016,
23016, and 4416 airfm”18 for Mach numbers up to apprmn.-
matelg 0.86. A critical dudy is made of the airjoil pressure
dktrt”butiOn8 in m atfmpt to formulate a set of generai criten”a
for dejining the character of high-speed jlows wer typical air-
.@ 8hape8. Compar&on8 are made of the re[atire character-
i8tic8 of the k?drag and conren.tional airfoils inre8@ated
in80far a8 they would injluence the high-speed performance and
the high-speed 8tability and control charactetitic~ of airplanes
employt.ng the~e wing sections.

.-it Mach number8 where the local rekitie8 orer an airftil
are entirely 8ubsonic, airfoil pressure di8tribution8 may g.m-
erally be predicted satisfactorily from the corresponding low-
speed pre8sure distributions by mean8 of the Ii%rmdn-Tm”en
compre88ibilit y relation. At higher Mach number8 for which
but limited regz”on8 of local supersonic flaw etit, 8upercritical
pre8sure distribution may be re[ated gualitafi.re[y to the IOU+
8peed pressure distn.bution8.

l%e bu+ag-type airfoil, a8 erempli$ed in the pre8ent in.-
reetigation by the NACA 6&i?15 (a= 0.5) and 66,.%315
(a=O.6) 8ection8, cor&itute8 an improvement ocer the conren-
tiona[ type airfoil of equal thiCkne88 when employed on the wing
tiection8 of high-speed airplane8, in that it would promote more
.farorable airplane 8tabiliQt and control characteristic at 8uper-
critical speed8. Contrary to popular expectation, hwcerer, the
louArag airfoil i8 but slight[y better than the conrentional8ec-
tion a8 regards &upercritica[ 8peed drag charactem”stic8.

INTRODUCTION

Fundainenhd aerodynamic theory has been found to be
fulIy adequate in defining the essential character of general
low+peed air flows. Such a vast. amount of engineering
formulation has been amassed from research both theoretical
and e.xperimentaI on the characteristics of aerodynamic
bodies subjected to Iow-speed air flows thut the practical
aerod.ynamicist has littIe dficulty in designing aircraft
for efficient operation in this realm of flight. In the region of
moderate- and high-speed ffight, however, where fluid com-
pressibility becomes an important factor, the extent of

lmowIedge of the character of air flows is very Iimited. The
basic theo~” -which treats low-speed flows so satisfactorily
fda to defl.nehigh-speed flows. Attempts have been made
by many investigators to modify the cksical aerodynamic
theory for the effects of fluid compreasibilit.yso as to permit
a logicaI understanding of l@h+peed air flows. The most
familiar of these modifications are the Prandtl-Glauert and
the K&rmtfn-Tsien reIations for predicting the velocity or
pressure fields at compre=ibiIity speeds about airfoiIs from
their known low-speed velocity or pressure distributions.
These theoretical relations have been satisfactorily -rerifled
by experiments on airfoik at speeds up to their critica~veloci-
ties, that. is, the stream wIocities corresponding to the first
attainment of the veIocity” of sound locaIIy on the airfoil
surfaces. As the critical speed of an airfoil is exceeded,
however, and the Iocal velocities over the surface exceed
the speed of sound, abrupt discont@uities occur in the flow
-which cause the basic theories and e.xistirg compressibility
modifications thereof to fail. The critical speed, then,
appeam to be the upper limit of the speed range in which
the PrandtI-GIauert and Kdrmfin-lkien modifications to the
basic aerodynamic theory are applicable.

Although the character of Io-w-speed flows is well under-
stood and moderately high+peed flows can apparently be
deaIt with satiafactoriIy by means of existing modifications
to cIassiflcaI theories, very little is known about- the funda-
mental mechanism of air flows at. supercritical ~elocit ies.
hTot only is the aerodynamicist at a loss to understand the
character of supercriticaI speed ffOWS,but uutti wry recentIy
the information avaiIable to him on the nature of the forces
and moments on aerodynamic bodies subject ecl to such flows
has been extremely meager. In recognition of the acute
need for experimental data on the physical phenomena
associatecl with the attainment of supercriticaI ~elocity
flows over airfoils, and of the need for a more thorough under-
standhg of the character of high subcritical velocity flows,
the present investigation was undertaken.

‘l%@ were made in the &nes I- by 3fi-foot high-speed
wind tunnel to determine the pressure distributions rit high
speeds over the NTACA65%–215 (a= 0.5), 66,2–215 (a= 0.6),
0015, 23015, and 4415 airfoil sections. The airfoiIs were

seIected as being representative ,of each of several types of
airfoils widely employed in the desigg of aircraft; the h’ACA
65~215 (a=O.5) and 66,2–215 (a=O.6) being typical low-
drag airfoils with Merent positions of minimum pressure;
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the NACA 0015, a symmetrical conventional airfoiI; the
NACA 23015, a typical forward cambered conventional &
foil; and the NACA 4415, a typical highly positive cambered
conventional airfoil. A critics.1study is made of LIMpressure
distributions and aerodynamic characteristics of tha airfoil
sections i.mwtigated in the hope of obtaining a sufficient
understanding of high-speed flows to permit the prediction
of the behavior at supercritical speeds of other airfoil sec-
~ionsfabg within the same generaI classification scheme.

a

c

cd

c~

cmct4

dcJdw
Al

P
Po

P

I’,

P.

!?0

x
a

W

SYMBOLS

mean Iinc designation, fraction of chord from lead-
ing edge over which design load is uniform; in
derivation of thickness distributions, basic.length
usually considered unity

airfoil chord
section drag coefficient
section lift coefficient
section moment coefficient about quarter-chord

point
section lift-curve slope, per degree
free-stream Mach number
local static preesure, pounds per square foot
free-stream static pressure, pounds per square foot

()pressure COeffiCieI)t ‘~

local pressure coefficient on lower surface of airfoil
section

local pressure coefficient on upper surfac~ of airfoil
section

free-stream dynamic pressure, pounds per square
foot

distance along chord
angle of attack
section angle of attack

APPARATUS AND METHODS

The tests were conducted in the Ames 1- by 3M-foot high-
speed wind tunnel, a low-turbulence, hvodimensional-flow
wind tunnel powered by two electric motors of 1,000 horse-
power-suf%cient power to obtain choked flow with any size
of model.

Six-inch-chord models of the NACA 65~215 (a= O.5),
66,2–215 (a= O.6), 0015, 23015, and 4415 airfoils were con-
structed of duralumin and steel for the tests. The models
were equipped with from 30 to 32 pressure orifices of 0.008-
inch diameter drilled perpendicularly to the airfoil surfaces
at standard c.hordwiaestations. The airfoils were mounted, as
illustrated in figure 1, so as to span completely the l-foot
width of the tunnel test section, and were supported in tigh~
fitting plates contoured to the airfoil surfaces and sealed with
rubber gaskets b eliminate air leakage about the ends of the
airfoils. Wind-tunnel tests have indicated that end leakage
must be prevented if two-dimensional-flow conditions are to
be realized. To facilitate construction of the models, the
plane of pressuremeasurements was chosen midway between
one side wall and the center of the tunnel. Previous tests
have shown no differences in &irfoiIpressuresmeasured in this
plane and in the plane of symmetry.

FIGUREL-AIrfoll mcdel mounted [n the test wcllon of h .hIes 1-by 3j!14t.ulMgh.qwtl
wind tunnel.

Siiuhaneous measurementsof airfoil prmsurc di91ributiwl,
drag, ancl in tlm cases of the hrACA 0015 MLd4415 nirfoils,
lift and quarter-chord pitcl~ingmoment were mrw?cfur nnglrs
of attack rrmgingfrom —60 to 100by 20 increments at spwwls
from O.lblach number to apprcmimately0.85 Much num?x’r,
the .choki.ngspeed of the wind tunnel for thcso t.csts. The
corresponding Reynolds rmmbersran.gcdfrom approxitnnhdy
1,000,000 to 2,000,0(-)0.

Airfoil pre9sureswere measured by means of multiple-tube
manometers, tetrabromocthune being used as the mmmmctcr
fluid whenever possible to mninttiina high drgrcwof ticcurticy
of measurement. For the higher pressures, nwrcury scrwxi
as the manometer fluid. Liquid huights were rccordcd plm-
Lographicdly to insure the shm.dttmoousmcasurenumLof all
pres9ure8. Airfoil drng was mensurmlby means of wwkcsur-
veys made with u movable rake of tottil-hrwdtubes.

In the.}ases of the NACA 0015 and 44] 5 airfoils, lift und
quarter-chord pitching moments were obtained directly from
measurements of the reactions on the tunnd walIs of the
forces experienced by the airfoils. Previous wiml-tunnr]
testshave demonstrated very satisfactory Wrccnwnt bchvcrn
charactmistics determined from w-all-reaction mcawnvmcnts
and those derived from simultaneously mcasmxl airfoil pru+
sure distributions.
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TEST RESULTS

In figures 2 to 6, inclusive, appear the pressure distribu-
tions for the NACA 65,–215 (a= O.5), 66#-215 (a= O.6),
0015, 23015, and 4415 airfoil sections in that. order. In
these figures pressure coefhcient- P is plotted as a function
of the chorclwise location of the airfoiI pressure oritlces for
constant. angles of attack and -m@ng Mach number.
Corrections to the pressure codicients and angles of attack
for tunnel-wall-interference effects calculated by the method
of reference 1 proved to be negligible for the size of modeI
tested and haw therefore not been appIiecl to the pressure-
distribution data. The stream -velocities, however, have
been correchxl for tunnekrall effects by the method of
reference 1. Broken Iinesmereused in figures 2 to 6 where-i-er
the stream ~elocitiea were within 0.025 Mach number of the
choking speed of the wind tunnel. Under such conditions,
where present tunnel-walkorrection methods are inmdicl,
it is doubtful whether the measured pressure distributions
are truly representative of free-air characteristics.

For the convenience of the aircraft designer, values of the
airfoil section load pmameter P=P~—Pu, There Pz and Pu
me the local pressure co~cients on the upper and lower
surfaces, respectively, at a given chord-wise station of the
airfoil, are tabulated for the fi~e airfols in tabks I to Y,
inclusive, for the ranges of angles of attack and Mach
numbers investigated.

In figures 7 through 11, pressure coefficients at- the 2.5-
percent-chord station for the surface having the minimum
]occd pressure are plotted as a function of free-stream Mach
number for angks of attack of —4°, —2°, 0°, 2°, 4=, and 8°
for the NACA 65,-215 (a= O.5), 66,2-215 (a= O.6), 0015,
23015, and 4415 airfoil sections, respectively. These figures
m-epresented to show that a marked change in the character
of the flow over an airfoil occurs after the airfoil critical
speed has been exceeded.

The variation of section Iift coeflicierit with Mach number
at constant. angles of attack from —6° to 10°’ is shown in
fi=gqms12 through 16 for the five airfoda in the prev-iously
mentioned sequence. For the XACA 65~215 (a= O.5),
66,2–215 (a= O.6), and 23015 profiles, the lift coef6cients
were obtained by integrating the measured pressure dis-
tributions. For the XACA 0015 and 4415 sections, the
lift- coefficients shown were calculated from wall-reaction
force tests made simuRaneousIy with the pressure-distribu-
tion measurements. This method, as mentioned previously,
produces resuhs as accurate as those derived from the pres-
sure distributions without the tedious integration procedures
in-iolved in the latter method.

On each of the figures 12 through 16 are plotted theoretical
airfoil critical speeds, taken from reference 2, for comparison
with the experimental critical speeds determined from the
measured pressure distributions by the method outlined in
reference 3. In the belief that.they are of greater significance
than critical speeds in marking the onset of abrupt. adverse
changes in airfoil characteristics at compressibfity speeds,
Mach numbem of lift and drag divergence, appropriately
defined hereinafter, are also plotted on each of these figures.
The Mach nnmber of lift divergence for a gken angle of
attack is defied in this report as the Iowest value of the
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Mach number corresponding to an inflection point on the
curve of lift coefEcient against Mach number. The due
of the Mach number at which the slope of the cu.me of
drag coefEcient against Mach number becomes equa~ to
0.10 is arbitrarily defined as the Mach number of drag
divergence.

The drag-divergence Mach numbers indicated in figures
M through 16 were taken from the plots (figs. 17 to 21,
incl.) of section drag coefficient against Mach number at
constant angles of-at tack for the respective airfoiIs invMi-
gated. Drag coefficients were computed from the walie-
sum-ey measurements.

The variation of section quarter<hord pitching-moment
coefficient -with Mach number for the five airfoils is. illus-
trated in figures 22 through 24 for mgles of attack from
—6° to 10°. Except in the case of the NACA 0015 and
4415 airfoils, -where the pitching moments were determined
from wall-reaction measurements, the values of section
pitching-moment coefficients mere derived from integrated
pressure distributions.

The airfoiI section characteristics of lift, chg, and pitching
moment. reported herein ntive been completely corrected for
tunneI-waLlinterference by the method of reference 1. The
dashed Iiies at the .high+peed extremities of the curves of
&urea 12 to 24, inclusive, were used to indicate that char-
acteristics observed in the vicinity of the choking velocity
of the v+d tunnel are of questionable validity.

In figures 25 through 29, cross plots of. the variation of
section Iift coefficient with angle of attack at constant
Mach number are shown for the respective airfoik The
variations of section drag and pitching-moment coefficients
-with section lift coefficient are presented in figures 30 to
34 and 35 to 39, respectively. Data obtained within 0.025
Mach number of the choking Mach number are again
indicated by dashed lines.

DISCUSSION

The study of the large number of pressure distributions
obtained in the course of the present investigation may per-
haps be facilitated by considering the characteristic differ-
ences of flows which are entirely subsonic and those -which
consist of mixed subsonic and supersonic 10CS1velocities.
As a fit. step in this direction several representative pressure
distributions, show-nin figure 2 (a), for the NACA 65z-215
(a=o.5) airfoil at – 6° angle of attack -dI be discussed.
Considering the subcritical case, where the flow is entirely
subsonic, the growth in pressure coefficient corresponding
to the increase in Mach number from 0.300 to 0.501, for the
pressure distributions of figure 2 (a),- is in good agreement
with w-hatWOUIC1be predicted by the K&rm&n-Tsientheory.
The pressure coefficient at the Iower surface 2.5-percent-chord
station noted for the 0.501 Mach number corresponds to a
10CSI~elocity which is slightly supersonic. Pressure dis-
tributions observed at Mach numbers above 0.50, then, faII
tithin the supercritical category.

The characteristics of pressure distributions are more com-
plex at supercritical than at aub&itical lfach numbers.
Referring again to fi~e 2 (a), as the Mach number rises to. -.——.
0.626, the Iower-surface minimum-pressure co~cient be-
comes less negative and attains a vahe which corresponds
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to a local MA nurnher of about 1.5. At this free-stream
Mach number the supersonic flow over the forward 10 percent
of t.he airfoil chord on the lower surface is terminated by an
abrupt pressure recovery, indicative of_a.shock wave. Over
the rem8incler of the airfoil surface the flow is subsonic and
the pressure coefhients are stilI in good agreement with
those which would be predicted from the low-speed memure-
rnents. When the free-stream Mach number is increased
still further, the lower-surface pressur~coeffieient peak
becomes less negative and the portion of the airfoil surfacs
over which the local velocities are supersonic increases in
length. At n Mach number of 0.757 the experimental
pressure distribution shows that there are supersonic veloc-
ities over the forward 50 percent of the lower surface, and
mwr the upper surface from the 40- to the 60-percen&c.l]orcl
stations. The pressure coefficients measured behind these
supersonic regions are some-whatmore negative than would
be predicted by the K&mAn-Tsien theo~~, a ditl’e.rencewhich
becomca greater when the free-stream Mach number is
increased above 0.757. “

The description which has just been presented applies to
a specific airfoil section at a specific angle of attack. Figures
2 through 6 show that the variation of the pressure distribu-
tions with Mach number is considerably diflerent for. other
airfoil sections and angles of attack. In 811 t.hesc cases,
however, the effect of compressibility at subcritical spceck
is to change the pressure distribution with hlach number in
a manner which is adequately represented, except very near
the airfoil leading edge, by the K4rmtfn-Tsien compressi-
bility correction. It can therefore be said that a satisfactory
understanding of airfoil pressure distributions at subcritical
Mach numbers has been achieved.

The nature of supersonic flow being @&mentally differ-
ent from subsonic flow, the pressure d~tribution over that
portion of the airfoil -where the local flow velocities are
supersonic cannot be expcwted to be directly relaLed to the
local “low-speed pressure distribution. A study of the pres-
sure-distribution data presented in this report reveals that.,
outside the local region of supersonic flow, there is a general
rwemblance between the supercritical and the subcritical
pressureclistributionsfor the same airfoil. This fact provides
valuable assistance in studying those pressure distributions,
characteristic of small angles of attack, for which the region
of supersonic flow does not begin until some distance from
the airfoil leading edge. Another factm of assistance in the
analysis at these angles is a general similarity of tha shape of
the supersonic portion of the premure distribution for aU
five a.irfoik investigated.

An analysis of the particular type of pressure distribution
characteristic of small angles of attack revealed that the
subsonic portion of supercritical pressure distributions could
be related to the subcritical pressure Cbtribution for the
same airfoil at a reduced angle of attack. This relationship
is nob surprising since figures 12 through 16 indicate that
marked changes in the airfoil circulation occur after the
critical speed is exceeded. At small angles of attack the
shape of the supersonic portion of the supercritical pressure
distribution resembles that which would be calculated by
the Prandtl-hl.eyer supersonic theory; however, the magni-

tude 01the measured chordwiac prcssum variation is less thnn
that calcul~ted. Such Lhcorciical cnlculntions me invaliti
at subsonic-stream hlach nnmbcrs where tlW lord super.
sonic region is of limited Cxtc’llt. DcvelopmcnL of a theory
treating the effects of supcrscmicregions of limitcd cxtcni. is
beyond the scope of the present report.

A major dil%culty arises in the tr(’atnwnt of pressure dis-
tributions at large angles of atttick in that supersonic
velocities occur in the immediate vicinity of the nirfoil hwi-
ing edge in whirh region, as has b[yn mwltionwlj avnilable
theories are inadequate. Au undwstanciing of the nuturc.of
the variation of pressure cocficicnts with Jfarh ILun}bcrin
the immediate vicinity of t.hc airfoil lca(ling udgc at suprr-
critical Mach numbers is basic to n qunntitutive nnalysis of
supercritical pressure distributions. 11)order to sludy con-

ditions near the uirfoil h’ading cclge, consider thr vfiriatiou of
pressure cocflicient with hlnch numbw at the 2$pcrccnL-
chord station, the most forkud station at which prrasurc
coefficients were mrasurcd in tho presonL st,udy, Thusc
data are shown in figures 7 through 11. It is observed ill
every case that, at free-stream hfarh numlwrs somcwhu[
above thr critical, a rdat iw’ly constant local Marf 1 munbcr
is maintained while the free-strl’am 31ach number is itwrcns-
ing. This constant local Mach numhrr npparcutly can bc
either subsonic or supersonic.but.Lhercis no esichmt rcln{iun-
ship between its mtignitmlc nnd the wduc of the low-spw.l
pressure coefficient. LNosntisfaetory cxplanation has as yet
becu developed to permit a quanti[ativo nsscssmcnt of this
behavior. Howtwwr, the dnta of the present inwstign[ion
are sutlicient to permit a qunlitativc formulation of lho
characteristics of supmcritiud pressuro distrihntions.

In studying supercritiml prcssum distrilmtions it soon
becomesappment that t.hcprwxmrccocflcicnts over the rum
portion of the airfoils at Ia]gc Mach numbm arc aiMcd by
some factor not previously considered. It was observed LIML
a marked dlwrcase occurs in tho prwsures over thr rmr
portion of tho airfoil with incrmsing hlach numl-wr onIy
after the drag coefficient esmcds Q value of about O.O5. A
similar change in pressure distributions occurs at low speeds
for increasing Qngks of at.ta!k in the vicinity of maximum
Mt. This latter change is known to bc tho rcsuh of u marked
local immasc in Jmmdary-layrr thickness. Moreover, t,ho
low-speed drag cocfficienL at maximum lifL is of W nntgni-
tucle of 0.05 for Reynolds nmnbcrs compamblc to those of
the present tests (1,000,000 to 2,00.0,000). IL therefore
seems likely that Lh[’local pressure distribution changw over
the rear portion of airfoik aLhigh supcrrritiral spmds fire a
result of marked local boundtiry-layer growth, Bccuuse of
the complexity of this phcnomonon, the following discussion
will be restricted to those Mach numbers for which lwuudary-
layer effects are of sccondtiry importance.

The general behavior with increasing Jltich numlwr of tlw
supersonic region of the pressure distrilmtions over the air-
foils tested appears to he dirrctly related to the shape of the
pressure distribution at the critical I[acll number, The
shapes of pressure distributions at the rriticnl spew.i mu bc
classified into five typcs: (1) u sharp pmsurc pcak WM
moderate minimum pressure at tho nose of the airfoil,
typical for low-drag airfoils at lift. codlicicnts immcdia[uly
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outside the Io-irdrag-coefficient range; (2) nearly constant
pressures over the forward portion of the airfoil, typical for
Iowdrag airfoiIs at- lift coefficients within the low-drag-
coefficient range; (3) large negative pressure coefficients at
the nose of the airfoil, typical for large additional lift coeffi-
cients: (4j minimum pressure ahead of about the quarter-
chord station foIlo-ivedby gentle pressure recore~, typical
for conventional airfoils at small angles of attack; and (5)
rounded pressure peak at airfoil nose, typical for con-ren-
tional airfol% at moderate angks of attack. The character-
istics of each of these typ= will now be discussed individually.
It.should be borne in mind that the analysis is based only on
measurements at moderate Reynolds numbers on airfoil
sections of 15-percentihord thickness so that. numerical
values stated may be different for thinner or thicker sections.

Tbe abrupt forward peak of the type 1 pressure distribu-
tion occurs for Iori-drag airfoiIs at moderate positive and
negative angles of attack and for cormentiomd airfoik with
camber far forward, such as the hTACA 23015, at-moderate
negative angles of attack. The folIowiug table lists the
cases of this type found in the figures of the present data
together with the experimentally determined critical Mach
number and also the upper limit of Mach number for which
this pressure distribution chssiflcatiori can be used, namely,
the Mach number Ml at which the drag coefEcient attains
the value of 0.05:

I Mach Number

Mfoasect[on A%’&) Fig. x.. 3f:f%&. ~Lh
r- M1–M.

ci-o.05

–6
–4

–:
-4

:
-6
-4

0.M 0.73
.5T .ia
.47
.46 :!!
.E3 .iu
.62 .il
.40 .68
.S1
.lm :%

q .
.10
.%
.’21
.19
.Z1
.2$
.=

It is seen that for type 1 pressure distributions the critical
Mach number is low, in the neighborhood of 0.5, and with
increasing Mach number the drag rises relatively slowly so
that Ml is between 0.19 and 0.28 above the critical Mach
number. Withiu this e.upercriticalMach number range, as
the Mach number is increased the minimum pressure co-
efficient becomes Iess negati-re and the chordwise extent of
the supersonic portion of the pressure distribution increases
untiI at .U1 the presmre coefficients over the forward third
or half of the airfofl are relatively constant.

The low-drag pressure distribution of type 2 has the same
general shape at supercritical speeds as at subcritical speeds.
The foI.Iowingconfigurations are.of this type:

—

7O&m
6%Z5
65+16

OfyM
65.%a5
O&2+15
66,2-215

I
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For pressure distributions of this type the critical Mach
number is high, and above this critical Mach number the drag
rises rather rapidly w that Jfl is ordy about 0.10 to 0.15”
above the critical Mach number.

For the airfoils tested the type 3 pressure distribution oc-
curred onIy at a@s of attack above 10”. The relatively
Iow test. Reynolds numbers and the variation of Reynolds
number with Mach number do not permit any definite con-
cl~ions for this type. It appears that the trend is for the
general shape of the pressure distribution to remain the same,.—..J_r.
-whiIe the magnitude of the nose pressure peak decreases
with increasing Mach numbers.

The type 4 conventional-airfoil-section pressure distribu-
tion for moderate angks of attack has, at.subcritict-dspeeds,
minigmm pressure near the airfoil nose foIIowed by a more
or lessgentIe pressure recovery. At supercriticaI speeds the
minimum pressure point mows rearward and the length of
the supersonic -ielocity region increaseswith increasing Mach
number. Examples of this variation are found in the fi~URS
listedinthe folIowing tab~e:

Foil &dIon

L
0016
CKI16
0015

!23015
23015
fxa5
4-U5

iii:
4U6

The Mach

0.70 0.a 0.11
.m -16

:2 .73 .15
al .16

:: .i5 .16
.63 .6s
.m .m :%

.75 .Is
:; .il .12

.ea .10

umber Ml is ~om 0.10 to 0.16, above the critical
Mach number. At Ml the supersonic portion of the pressure
distribution terminatea some-wherebetween 30 and 60 per-
cent of the airfoil chord from the nose, depending upon the
subcritical pressure-recovery gradient. The less rapid the
pressure recovery behind minimum pr=ure at subcritical
speeds the more extensive will be the length of the supersonic
flow region at J1l.

The type 5 pressure distrl%ution for conventiorml airfoils at
moderate angles of attack has a nose pressure p“eakat sub-
critical speeds which is less abrupt than that of type 1~but
what seems to be more important is the fact that the peak
is not followed by a region of reIatirely constant prbssure
as it is for. type 1. At slightly supercriticaI speeds the type
5 pressure peak rounds off so that the superaanic region is
from 104030 percent of the chord in length. At increasingly
supercritical speeds, the lenggh of the supersonic region
remains constant at this limit;d due. Type 5 pressure
distributions occur in the foLlowing configurations of the
present investigation: NACA w15 at –S” tmd NACA
23015 and 4415 airfoils at 8° and 10° angks of attack. For
these cases the critica~Mach number is about 0.45 and the
value of Ml is between 0.0S and 0.16 above the critical
Mach number.

Of course there is no abrupt change in the shape of the
pressure distribution with changing angle of attack. There-
fore, it is to be expected that there w-illbe borderhne “cases
in which the behavior of the pressure distribution at super-
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critical Mach numbers is between two of the types pre-
viously discussed. The experimental pressure distributions
indicate that this overlap is limited to tin angle-of-attack
range of only 10 or 2°. In. the following table the pressure
distributions presented in the present report aro classi6ed
according ta the type of variation with Mach number of the
supemonic portion of the pressure distributions for the
surface on which the local vclocity of sound is Jirstattained:

I I

fl
A&k.[ NACA Akfoik

(de@ 651-215 68,2-216 oo16 23016 4415

b -1: . . . . . . . ..- ---------- . y. ---------- ----------
--------- . . . . . . . . . .
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—-------- —---..---

y
-;

1
–4 i

%6

–; 2
;4

4
2 2

1>
4 4

2 a 4
4

4
i

4

6 + 1 $ 4$ 4$-

1;
5

15
6

I 1-8
~

b 6
I I I { .1 1 I

This ttibleshows that at positive angles of attack the low-drag
sirfoils have one pattern which is different from that of all the
conventional tiirfoilsections. At moderiite and large negative
angles of attack this simple cliffmcntiation does not hold,
differences in typo of camber line having as much effect as
type of thickne= distribution.

As the pressure distribution over an airfoil changes with
Mach number there is naturally a resultant variation of the
airfoil-section characteristics. A parameter which would be
expected to aflect this variation is the critical Mach number,
at which value sonic velocity is first attained at some point
on the airfoil surface. The surprising thing is that no changes
are observed in the variation of section lift and drag coeffi-
cients with Mach number at the critical Mach number. It
has therefore been necessaq- to introduce two other param-
eters, denoted as the Iif& and dragdivergence Mach num-
bers, which satisfa.ctorilylocate the change in variation of lift
and drag coefficient with Macl.Inumber. It is seen in figures
12 through 16 that for all the airfoil sections and most of the
angles of attack investigated the lift-divergence Mach num-
ber is the same as the d~~-divergence Mach number, and
htisa value somewhat larger than the critical Mac-h number.
The increment of the lift- and dragdivergence Mach number
above tho critical Mach number was studied foi each airfoil
and rmglo of nttnck in terms of the classification scheme for
the type of pressure distribution. The following facts were
noted: For types 2, 4, and 5 pressure distributions, lift and
drag clivergenceoccur at a Mach number about 0.05 above the
critical Mach number, -while for types 1 and 3 this hfach
number increment is about 0.15 to 0.20. In the description
of the pressuredistribution classification it was pointed out
thub for each type. there was an approximate value for the
dticrence betweeu the critical hfnch number and the Mach
number MI at which the drag coefficient attains the vnlue of
0.05. The numerical values for this Mach number difference
were given as: type 1 from 0.19 to 0.28, type 2 from 0.10 to
0.15, type 3 undetermined because of insuf%cientdata, type
4 from 0.10 to 0.16, and type 5 from 0.08 to 0.16. This
information together with that for the drag-divergence Alach

number permits an estiumtc of the rapidity of the inmcmc in
drag coefficient at supmrntical hlach nund.ma.

The method of classifying prmsurc distrit.)utions which lms
been presented appcma to be of vnhm in cstimnting tho
general clifferences in pressurcdistribution vnriation with
hl’ach number and also some changes in section chfirmk”r-
istics at supercritical M&ch number as dctcrrnincd by the
airfoiI shape and angle of attack.

The variation with Mach number in the CIUIrnctcr of the

flow over airfoils, which has been discuwrd in the prwc(l@g

sections, is accompanied by profound rhangw in the fwccs

and moments acting on t.k airfoils, the dct ailed discussion

of which will not be undcrttilwu here. The trmtment will

be confined instead to a discussion of the cxtr!nL to which

the characteristics of the sweral broad classificatiws of

airfoils inyestigatefl are affwtwl by compressibility.

LIFT CHARA,CTERISTICS

nom figures 12 through 16 of the variation of scclion lifL-

coeficient with Mach ‘number at constant incidmcc for the
NACA 65,-215 (a= O.5), 66,2-215 (a= O.6), 0015, 23015,
and 4415 airfoils, the subcritical bchuvior is SCCIIto bc
sensibly the same for all five airfoils. Except n[ high finglcs
of attack the lift. coefficient imxwws with hlrwll mmdm-
approximatcly in the ratio l/&17~ until ihc critiml”
speed has been apprccial.dy mcwlcd. AL sup(’rcritiml
speeds the lift characteristics of the low-drag airfoils nre
definitely superior to those of the convent iomd airfoils inves-
tigated on yweral counts. For moderate mudhigh angles of
attack, the Mach numbem of lift divergence arc cousidcrnbly
higher for the lowdrag airfoils thtm for tbc convcntionnl
Sections. Moreover, upon exceeding the Iift-divcqynce
velocity at high angles of attark the con~cl]tionnl nirfoils
experience a more severe loss in lift thim do thu iYACA ti5z-
215 (a= (L@ and 66,2-215 (a= 0.6) sections.

Perhnps the most important diflmcncc in t.hcsuprrcril.icwl
characteristics of the low-drag and conventional profdcs
Iics in the changes @ lift-curve slope beyond t.ho lifLdivcr-
gence Mach numb~.raof the rcsp{vtivo airfoils. Although
all the airfoiLsexpmience a reduction in lift-curve slopr upon
exceeding. their liftdivwgcncc vdocitics, the convent ion~l
sections dfer particularly in this respect. 1% variation in
lift-curve slope with MacII numbur nt 0.2 lift coefllricnt
shown in figure 40 for all five airfoils illustrntcs this fac[.
The slope of the lift curve is of pn~ticularsignifirhmwlxxwusc
it is one of the principal factore afflwting airplnnt~stul)ility,

Excessively low slopes tmd to promote cxtrcmc airpltmo
st.nbfiity, a very undesirable da ractrristic. The NACA
low-drag sections, t-hen, possess a definite nclwm{age in [his
regard over the conventional sections rit.supi~reriticnlsprcds,

Another parameter of great importimcc in airpkmc con-
trol is the angle of zero lift. Flguro 41 drpicts the variation
with Mach number in the ang]e of zero lift for all five nirfoils.
It is noted that the low-drag and cambered convcnlionnl
sections alike experience marked positive shifts in (heir
respective angles of zero lift at supmcritirnl speeds. The

change for the hTACA 44I5 airfoil is particularly severe buL
should be regnrded as being characteristic of highly canl-
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bered rather tkm conventional airfoils alone. This positke

shift in the angle of zero Iift is detrimental in that. it alters

aiqiane t- in a direction to promote an airp~ane diving

tendency upon exceeding the Mach number of lift divergence.

Disregarding the hTACA 4415 section as a special case, the
low~~ and corrrent~onal prcdiles exhibit this undesirable
characterktic to approximately the same degree. The con-
stant positive angle of zero lift noted iD the &we for the
NACA 0015 airfoil is attributed to imperfect model con-
struction and not to any aerodpmnic phenomenon.

One additional item of intered regarding the comparative
lift chmacteristi~ of the low-drag and the con~entional air-
foiIs is the variation of the ma.xinmrn lift coefficient tith
Mach number which may be seen in figures 25 to 29. M-
though the Re-ynolds numbers of the present testa were too
km to permit rm accurate quantitative assessment of the
maximum lift coethcients, the results are of qua.litativ-evalue
in indicating the trend of the changes in this parameter with”
Ikwh number. For the lo-iv-drag NACA 65~215 (a=O.5]
and 66,2–215 (a= 0.6) airfoils the maximum lift coefficient
first decreases slightly with Mach number, then rises ap-
preciably at moderately high speeds and finally declines
gradually at the highest Xlach numbers. The over-aLl var-
iation is not very great, however. In contrast to this be-
havior, the maximum Iift coefficients for the con-rentional
NACA 0015 and 23015 sections faII off at fit sharply, and
later, decreasingly with Mach nun-her. The character of
the -rariation of maximum Iift coefficient with Mach number
for the h’ACA 4415 airfoiI I& in between the other two
types except at the higher Mach numbers -whereit resembles
more closely the variation for the conventional profiles. At
high subcritical and all supercriticd speeds, then, the low-
drag airfoils are superior to the con-rentional sections ti thh
respect.

DRAG CHAEACTEZISTICS

The high-speed performance of airplanes is largely ~eter-
mined by the drag characteristics of the airfoil sections com-
posing the principal lift~o surfaces. The variation of sec-
tion clrag coefficient with Mach number illustrated in figures
17 to 21 for the representati-re airfoiIs irmestigated then be-
comes of particular intcrest. Except at moderately high
positive angka of attack the general character of the mmia-
tion in drag coellicient with Mach number is the same for
both the low-drag and conventional airfoils. At the higher
positive angles of attack the lowdrag airfoils exhibit a
peculiar decrease in drag beyond the critical speed which is
tipparent as a dip in the curve of drag corfficieut against.
Mach number. This phenomenon, believed to be associated
with flow separation was not observed for the conventional
airfoils.

The drag characteristics of the several airfoil types can
best be compared in figure 42 -wherethe section drag coefFL-
uieut at 0.2 Iift coellkient is shown as a function of Mach
number for all five airfoils. It is readily apparent from an
examination of this figure that the low-drag airfoils possesa
no advantage over the conwmtional airfoil sections insofar
as supercriticaI speed performance is concerned. The hTACA
4415 airfoiI appeam to be definitely inferior to the other
airfoils investigated.

PRESSURE DISTRIBUTIONS AT HIGH SPEEDS

MOMINT CHABAmEWTICS

Airfoil pitching moments are of interest

6$3. -...

here only insofar
as they affect &plane stability characteristics at super-
critical speeda. The variation with Mach number of the
quarter-chord pitching-moment coefficient seen in &u-es 22
to 24 for the XACA 65,-215 (a= O.5), 66,2-215 (a= O.6),
23015, 0015, and 4415 airfoiI sections, respectively, is too
small for alI the airfoils investigated, except possibly the
hTACA 4415 at high argks of attack, to appreciably affect
airplane trim.

CONCLUSIONS

From the results of pressuredistribution and drag measure-
ments at high speeds and moderate Reynolds numbers
(1,000,000 to 2,000,000) for a representative group of M-
percent+hord-thick low-drag and conventional airfoil see
tions se~eral conchsions regarding the charact&stics of
airfoils at subcritical and supercritical -relocitieaare dramn~
It should be emphasized that the following conclusions appIy

specifically to airfoiIs of thicknesses in the vicinity of 15 per-
cent of the airfoil chord and do not necessarily apply in the
general case.

1. At subcritical velocities the K4rm6n-Tsien modification
of potential theory for compressibilityy satisfactorily predicts
the variation of the local pressure coefficient \rith Mach
number on an airfoil surface except in the vicinity of the
leading edge. One consequence of this result is the very
satisfactory agreement noted in the present investigation
between experimental and theoretical critical Mach numbers
at other than large angks of attack.

2. At supercritical speeds the variation of pressure dis-
tribution with Mach number for both lo-ivdrag and conven-
tional airfoils appears to be directly related to the
form of the corresponding lovi-speed pressure distributions.
AIthough this relationship is purely qualitative it permits a
more rational understanding of the character of supercritical
speed flows.

3. At subcritical Mach numbers there appems to be little
to choose between the Iift chmact eristics of the low-ch%g and
the conventional airfoils except insofar as the maximum lift
coefficient is concerned, where the con-rentional sections hold
the advantage at lo-iv speeds and the low-drag prdles are
favored at the higher ~elocities. For low-drag ancl con-
~entional airfoils aIike, the lift, and consequently the lift-
curve slope, increases with Mach number appro.simately in
the ratio 1/1~1—Jr until the critical speed has been exceeded.

4. The supercritical speed lift characteristics of the low-
drag airfoils, as represented by the XACA 65,-215 Qz=O.5)
and 66,2–215 (a=O.6) sections, are definitely superior to the
correspond&m characteristics of the conventional profiles
investigated in that the lift-curve slopes of the former are not
nearly as drastically reduced beyond the Mach numbers of
lift.divergence as are the slopes of the latter sections. More-
over, the Ii&divergence -relocities at the higher angles of
attack are greater for the low-drag than for the conventional
airfoils, enhancing the high-speed maneuverability of a&-
planes employing the former sections.

5. The lowdrag and moderately cambered conventional
airfoils exhibit. an equally unfavorable positive shift in the
angle of zero lift at high supercritical speeds. The NACA
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4415 airfoil, a special case ns a highly cambered section,
exhibits particuhdy un&eirable characteristics in this
respect.

6. At supercritical speeds in the normal lift-coefficient
range, the drag characteristics of the low-diag and conven-
tional airfoils are sensibly the same, no advantage being
discernible for the low-drag type in this range, A1though
the critical specd9 for the conventional sections are con-
siderably lower than those for the low-drag type, in the
vicinity of the design lift cocflicient the drag-divergence
h! ach numbers are approximately equal for both typea.

7. The variation of airfoil pitching-moment coefficients
with Mach number for the low-drag anclconventional airfoils
alike is such as to have but small detrimental effects on the
performance characteristics of airplanes-at high speeds.

8. Although the low-drng airfoil would appear to possess

small advantage over the conventional section ns far as higb-

speed performance is conce.med, it appm rs ckfinitcly supwior

to the latter in the matter of airplan~ sttibility tinrl control at

supermiticnl speeds.

AMES ~ERONAUTIC,AL LABORATORY,

NATIONAL ADVISORY COMMITTEE FOR AERONA~TICS,

~fOITETT FIELD, ~ALIF.
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TABLE Ia.—EXPERIMENTAL L-GAD DATA
\
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a ta
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–. am

-:930
-L 393
–.356
-.040
–. 406
–. 3?4
–. 2m
–. 341
–. loo
–. 07U
-. mo
-.011
-. on
-.040
0

-.024
-. m

-:023
–L 52il
–, 920
–. WI
–. 6m
–. 4m
–.300
-..244
–. lea
-:%

.024

–:%
o

–. 006
.ma

—: 110
-L alo
–. 060
–. m
–. am
-.430
–. alo
–. ma
-.171
–. ma
-: $&J

.0141

i
-: NE.

n -:365
–L 940
-L400
—.766
–.640
–. 620
-. m
–. 229
-.200
-: O&

.071
:1.m
.620
.025

–. m
-. m4

-:250
- L 970
–L btO
–L 230
-.lfa
–. 4m
-ma
–.342
-. 2m
YJ4a

.010

.Om

.120
n
.010

–.0!2
.0u2

~~ &o

–-. g

–. am
–. 4s4
-.280
–. 286
-.176
–. 061
0
.044
.Om

o

–: E
.014

–: 270
-L GUI
–. 970
–.810
-:620
–. 400
-. ml
-.306
–. m
–. 050

.Crm

.050

.0S6

:E
–. mu
o

-: lao
–L W
-i.&n
-Lsm
- L 146
-. ma
-. ,
–. z
–. la

.Wi2

.025

.123

.180
0

–. 016

-: E

4 Oxo
-L736
-L 415
-1.216
–_y &o

-am
—.764
–. m
–. X4
-: ~

.240
–. ox!
: Lo

-.049

–!322
–L 660
-L m
-LOiO
-. m
-. w
-.710
–. 024
–. 4m
-.25’4
-: g

-: %
=Isrg

–.om

-! 655
-L 220
– L im
-. Um
-. Em
-.736
-. am
-. Wo
-.396
-. KM
-. ma

.116

:!%
-. Om
-. 09)
-. m

.
-!.m
-Lm
- L 010
-. am
-,740
-.om
-. WJ
-. 4s7
-. am
-. Ifn
-:~

, .270
.X0
,146
.102
.076

-% 216
-L760
–L WO
~:;~

-.450
–. 340
–. !258
–. 170
-.m3
o
.Oz”
.on
.010
.010

–:y

TABLE Ic.—EXPERIMENTAL LOAD DATA

[NACA 0%-216(0-0$ .SecticmAngie of Attack, q- -2°]

.
“Vairwaof load Wameter, P. Pt-P,~for dhl?xent ikfncbnumbcra ISttiion

—— .

tic

.—
0.w aam

— —

o.m I m335 I 0.ma “10.400 0.am O.000 0.826 aam
-1

rL671s o.ml
..—. — ——

0.72a

–:. w
:. w)
-.031
-.407
–. 329
–. 216
-. mo
–: g

.222

:Z
. 1s3
.aw

:s
–. m

a 751
——

–! .am
–. 940
-. am
–. 660
-. 42a
–. 220
-. a
–: g

.164

. is

.an

.482

.@

.010

–: E

aim

o

:%3.m
. ml
.m
.am
.am
.am
.4m
.450
.am
.550
.I!03
. 7m
.Sm
.s50
.875

–: m2
–. 286
–. am
-.240
-.150
–. mo
-.025

:3
.110
.697
.118

-. cm
-.023

.lma

.017

–!195
–. Slcf
-. EM
-. W
-. !2m
–. L26.
–. 040
–. ml

:%
. 1%3
. WI
.222
.m2
.OH
.021
.m7

–4.23a
.s60
–. 660
–. 364
–. 340
-.140
–. WI
-.015

.080

. 1%3

.151

.210

.?47

.Om

.025

.w-
-.010

–!.m
–. 852
–. 652
=. g

–. 149
-: g

.070

.146

. la

:%!

$%
.019
.mil

-&g
–.610
-.409
-.260
-. in
–. Om
–.OM

.mo

.I.a7

.190

.m

.257

.Om

.ma
..013
..ml

–: 010
-.000
–. 410
–. !2aQ
-.100
–. (!s
-.020

.mi

.C441

:%

.140
—.011
–: g

-ma

–[ ml
–. 740
–. 447
-. 2a4
–. m
-. lm
-. mu
-: G&

.lm

.lao

.141

.170

.Om

.027

.W4

.Om

-!.115
-, 7m
-. m
–, aa9
–. 182
-. lM
-.040
-.010

.052

.1L2

.Lm

. Iaa
,167
.W

n

-:.160
-.i74
? 407
–.825
-,105
–. 110
-.022

:%!
.127
.1227
.167

‘:%
.cm
.023
.m7

-!. 318
-.940
_. ~
-. m
–. 473
-.387
–. ma
–. m
–. 192
–. OKI
o
.137

:E
.0S3
.m2
.ml

o
–L m
-.930
-.024
-.639
-. 4m
–.363
-.s19
–. 232
-. 1s3
>. g

:!%
.m

:E
.~~

-j:&7

-.627
-.513
-. 42s
-. m
-. m
-. 23a
-. ISI
-. w
~.

–. mo
o
-: &2

.012

-k
=:5-.,
-.ml
-.m
-. m
-.102
-,162
-. am
-.070
-. m
-. mm
-.01?
-.182
-.102
-.fm. I I J I .“ I
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TABLE Id.—EXPERI3IENTAL LOAD DATA

[XAC.\ 05z+15(Q=O.5]SemfonAm& cl Atkwk. q-oq
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TABLE Ig.—EXPERIMENTAL LOAD DATA

[NACA 651-216(u=O.6) .%ctlon .4ngleof Attaok, q-LV]

\ station
——.

0.3al 0.403
.—

——
0.651

0
2.7U5
22W
1.m
L570
1.410
1.270
l.lml
L 067
.9%3
.027
.770
.617
.450
.240
.202

:E

Values of load fmrametw, P-PI-P. fm MJWent Mach numks
I

a 732 0.759

1

0.81S Q341
.—

?/c
———

0.600

L-W
2.110
1.700
1.460
1.310
1.Zlo
1.126
LOII
.946
.381
.765
.616
.470
..zm
. ml
. lM
.136

0.w 0.026
—.—

II 061 0.m6
—.—

0.7s6
———

0
2“531
z 270
2.010
L 940
LWO
1.7m
1<640
L 610
L 310
.Wo
.7(B)
.67U
.4f43
.Xa
.240
.170
.160

0
2.230
a.cao
1.Sal
1.756
1.m
1.676
L 645
L 451

w’
.S3U
.%t6
.W1
.24!Q
.240
.lw
. m

o

Ml
.s90

:!%
.s5s
.710
.610
.6a5
.W
.Iol
.IM3
. ml
.39s
.400
.470
. 4s5

o

:X+
.770
,7s0
,7W
.770
.m
.673
. m
.Zm

-: 1%
-.130

%j

.4ta

o
ao26
.OY1
. 1(FI
. ml
.!m
.Zf4
.WJ
.350
,4al
.450
.W1

:%
.700
.s00
.s60
.876

0
3.3m
LWJI
L640
L E2Jl
L 180
1.07s
1.m
.397
.346
.797
. no
.Om
.431
.3CEI
.160
.143
.147

0
2.424
2.Om
L em
L3W
L230
L 124
L 060
.949
.Sao
.W
.735
.609
.4711
.am
.100
.146
.139

0
L (m

w
?s!
L445
L m
1.237
L 070
.702
.6W
.472
.3W
.230

%!
.mz

o
L 670
1.w
L4Zl
L 3s0
1.ml
L2W
l.lm
1.m
.2%I
.052
.510
.442
.Wa
.370
.320
.373
.352

0
1.430
I.m
L 330
L 22)
1.no
1.Izn
1.am
.028
.710
.611
.410
.331
.360
.330
.4W
.434
.4A

o
L lW
L f35
1.otQ
L 040
1.ml
.290

:%
.600
.401
.%$1
.2Ea
.270
.876
.460
.$49
.461

I

TABLE Ih.—EXPER.IMENTAL LOAD DAT.4

~AOA 6&215 (e-O.S) Sedon Angle OfAttack, %-8”]

station

0.w

Valnesof lendp?uamek, P-PI-PM f& d11TIw2n63fnehnumbers
——

a 661

——
a 401

——
Zfc 0.300 0.523 0.676 a 601 aom 0;663 am O.m a 73s

——

;$
i 770
L S70
L5M

;; g

.740

.e412

:%%

%
.400
.463
.457

anu
..-—

0
1.4SI
1.726

w
L44M
1.Xio
L lW
.s76
.6s3
.621
.420
.416
.4U6
.440
.6XJ
.614
.606

0.;30

o
1.w

;:%
~,g

1:Ml
l:g

.m

.453

:%!
.360
.434
.Eso
.K4e
.W1

0.818

;. 265
2“315
1.s65
L&XI
1.410
L 275
L 155
L(B2
.940
.367
.730
.6s2
.4W
.246
. 1s5
.163
. ltn

o
3.430
2.410
1.946
1.660
L 4m
1.310
1.176
L054
.W4
.869
.705
.649
.3!KI
.210
.170
.181
.1s9

;L
L 970
L660
1.4s3
LB3
1.190
1.046
..035
.s26
.Mo
.466
.326
.mo
.240
.234
.27U

o
8.620
2KHI
L m
p&3

1.W
1.no
L 049
A&

.@35

.464

.Eal

.330

.230

.m

.239

L4368.C&3
L940
:Zq

1:340
1.m
L 032
.930
.812
.Sm
.442
.270
.!4!M
.240
.273
.362

0
3.440
2.Q30
Z.mo
p#

L846
L!W
L040
.910
.605
.Oflo
.410
.256
.206
.240
.275
.346

:.310
awl
2.024
2.360
1.716
L 310
L240
1.072
LOX)
.si’7
.?m
.617

:%
.%30
.232
.232

:110
2s00
26io
2 3!%
am
2070
1.040

%

:%%
.634
.423
.230

:%!
.102

ho
2.4C41
2.ml
2 MO
L 1240
I. Sal
1.066
L 426
1:~

.670

.461

.360

.310

.Zm

.m

.301

0
2230
2 lXI
L045
1.s40
1.736
L593
L 440
1.182
.mo
.687

%J

.Zm

.396

.%08

.mz

o
~ ;4J

1.210
1.Iill
L 140
X:m&

.m

.676
,410
.4UI
,140
,!M
.m
,640
.6W
.680

TABLE Ii.—EXPERIMENTAL LOAD DATA

[N.4CA 65+215(c-O.6) k!tiOn .4@c of Attack, a,-llV]
—.- .

IVahr49 of load pwwneter, P-PI-F. for Wf(erent Mm!! nurnhnstation

Z[c

-—
ama 0.713

——
aim 0.s2s0.m mom [ M63 I am I fL602 aw a 740

0
0:g

.103

. lfd

.m

.Zxl
,3al
.3W
.m
.41M
.lkll
.6XI

:E
.3W
.SJO
.876

n
;. ho

2560
2350
3.145
1.m
L425
LOWf
.960
.705
.593
.430
.410
,360
.3JM
.!435
.m

!ii
2.2W
2.000
LSS5
L520
L!XW
1.021
.s24
.@.
.6ss
.491
.44.5
.424
.410
.419
.3$s3

-

0
26m
2.432
2165
LOOO
L 770
L480
LZX3
.947

:Uj

.497

.465

.450

.460

:%

o
21s0
:%

1:afo
1.m
L Em
1:g

:%
.476
.440

:%
.640
.649
.611

0
L OiO
I#sm

U%
L 290
L %0
1:0#

.m

.ml

.430

.401

.820

.495

. Wo

.611

.OM

o
1.810
1.m

!:%
1.300

k%
.07S
.m
.W
.470
,410
.406
.E#I
.nfo
.630
.m
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TABLE Ij.—EXTERIMENTAL LOAD DAT.4

[xAcA *Z6 (a-aa ~ An@?C4A-. ~.urq

T-alum of lad p3rameter, P- PFP., for dfffsrent Much numbemShtbm

I\e
-
0.653

—.

il’m
X4(M
2333
1.m
L 615
L $%0
1.mo
.862
.m
.692
.503
.422
.m

:!$l

.mi

1
.——

0.401
.—

:4(?J
8.0%0
2..357

H%
1.m
L2W
L 05s
.S91
.752

:%’
.am
.374

:%!
.6W

0.743 O.m o.m
-.—-

0.am aom
Id

mm o.6s9
——

0.i16
.——

:610 L5!a
Xuo Xmo
2425 25%3
1.m LW
1.420 1.445
L?20 LZUI
LOiO L 060
.m .Sm

.iso
:2 .mi
.656 .665
.4s0 .492

:E :%
.440 .430
.420 .41S
.4m .402

0 0
2mo
ZWo ;=
amo L986
1.m 1705
Lao
1.225 W
1.045 .W5
.5%7 .W
. W .ioo
.mz .626
-m .560
.Wi2 ..530
.535 .m
.% .577
.m .593
.609 .614
.660 .ml

n :625
a.(wi
2.sm
L935
L 6i5
1.i40

k%

:E
.6m
. fili
.%?5
.326
.345
.22a
.!442

o

%
24io
1.915
L&$l
L%6
L Oi5
.894
.Tlo
.604
.4m
.424
.Sio
.3io
.mo
.346
.Si9

:X0
6.IE4
2615
22211
L700
L mo
L mo
.m9
.im
-w
.5i5
.4W
.453
.440
.43S
.421
.W9

: m
Zsm
2.445
:%

1:W
L12JI

:%
.6m
.=
.525
.475
.4s0
.495
.475
.435

6:O&

. lm

.160

:Z
.m
.350
.400
.450

:E
.6m
.im
.m

:R

TABLE Ik.-EXPERIMEI$TAL LOAD DATA

[NACA 05#215(8=0.5) Se&Ion -e of Att~ q.1401

WI&9 of Iood ~k, P.Pt-P., for different Mach numbersStatfon

=1=Sk am I O.mo ams a sm am 0.613 CLtw O.m

Lar:R41
2eio
2.Wa :Z
2m L~
L620
L3Q0 l%%
LMI L 130
L032 .mz
.895
.i&a :%
.693 .’!m
.602 .m
.m .mo
.4io .640
.6m
.m :E
.652 .61Z

o
arm
.050
.Mu
.150
.Zm
.250
.300
.350
.44)0
.450

:%
.000
.m

:E
.a75

:851 Um
3.149 5.125
2.az Zm
L282 LiKI
L623 L440
LS03 L=
LOG2 1.Om

.9M
:% .im
.T24 .6Q6

:E :%
.469 .510
.474 .610
.477 .K!M
.432 .494
.451 .4m

Ll
2e9.1
2.Z51
L7i0
L4fKl
L 165
L~
.Wi2
.740

:!%
.494
.405
.630
.530
.491
.479

L60
2.m“
!L4io
L940
L670
LW3
L@31
.SZ2
.m
.6S2
.mo
.472
. 4ii
.493
. Go
.4s
.40i

i m
arm
2410
LWO
LOOI

t%
.=
.m
.667
.600
. m?
.490
.500
. KIo
.K!3
. 4ia 1
:!210 : m
$iVio 2QI0
.24to Z4M
LQW LWO
LS30 LW
L 810 L336
L KM L 153
.S29
.im %
.mil . OTO
.573

:%1
: PO .m5
.&al .WJ
.520 .5m
.4S1 .536
.m .505

n
Lo
2.320
!2Cno
L 750
1.460
LZiO
LlOl
.Om
.S63
.781
.im
.m
.Wo
.660
.no
.n4
.m

arm
27M
23SI
LWI
1.516
L~
L 170
LU16
.Sio
.m
.675
.626

:%
.557)
.649
.526

TABLE IL-EXPERIMENTAL LOAD D.AT.4

[NACA 661-?15(u-CM)&&kn QIe of Attsc& a#~

Stntbn Valuesof Id pnmmeter, F-PI-P=, for WTerent Mach numhrs 1.

S/c amn aw am a i4S &no
I 1 1 1 I

Lt?5
.053
. Km
. lm

:Z
.3m
.350
. 4m
.4S3
.600

:%’
.ioo
.Kal
.850
.m

:Zo
2.s55
!2190
L670

R%’
.mo
.850
.740
.ma
.646
.56

:!%
;~

-m

o
2670
:2#

imo
L MO
.092

:%1
.m
.635
.mo
.5ZI
.676
.6m
.m5
.W5
.em

:Wn
%60s
2.145
L71M
L450
1.m
1.no
.S19
.Sio
.764
.no

%%
.E40
. m5

:=

ho
Zm
2175
L 750
L430

W
.mo
.Sio
.im
.720

:!%
.655
.W

:!%

II

,
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TABLE IIa.—EXPERIMENTAL LOAD DATA

[NACA b$!M15 (a-O.6) SrMon Angb of Attack, a,- -F]

Values of load pwametnr, P-PI-P., for dffferent Mach numimsStatior

0.661 l--0.601O.gmi 0.702 I 0.72s “ 03130.302 O.ml 0.076

–:m”-~g
-LS40
-L ~
–.753
-. 4m
-.344
–.mo
—.179
= ma
..ara

.076

.!L36

.020

.014
–. 014

Z-fc

–i no
-2.436
–a 036
-L8kl
-1. 03s
-L 470
–L lm
~. g

-.076
.636
.m7
.123
.246
. Mb

-. m
-.043

–i bm
-% m
–1. 925
-1.746
–1. m
-1.4KI
–1. 536
-_y g

-.278
0
.102
.240
.320

–, 015
-. m
–. 043

-i 330 -:116
-z lLM -Lma
-1. 74s -1. bm
-l:sm -L 4oa
-1.426 -L 266
-1. Zm -1.136
-1. m6 -L 010
-1.079 -. m
-.045 -.660
-.652 -. mu
-. ~m -.1

. ml .13

.335

.435
0 _%J

-.051
-.069 –. 054

-! w
-1.710
-1. WI
-1. m
-L In
-L tW
-.!lfo
~.

-.4to
-. m

.Om

. Mb

.3fd

.m

.025

.110

-i 195 -: (K45
-2, Om –2 760
-L Zll –L,870
–LO15 –L 036
–. m -. ml
-. m –. 876
-. MO –. 540
–. 425 –. 433
-. am -.310
-.223 –. 218
-. lm -.146
–. m -.03s

.ma ,046

.146

.010 -: %
–. 022 –. W4
–. 0-23 -. ma

–; 476 -: Om
-2.715 -2, m
-1.626 –2. 232
–. m -1.106
–. 7m ~. -/&i
–. ma
-.546 -. m3
–.411 -.410
+& –. ma

-.196
–. Uo –. m
–. 011 -. Ou

.046 .073

.X36 .!BI

-: %! -: E
–. 021 –. 020

0
0.02h
.Om
.100
.160
. mo
.233
.300
.3m
.m
.4m
.503
.660
.Om
. 7ca
.3m
.86Q
.376

–: mb
–1. 000
–L 196
-.916
-.730
–. Om
–. 4sa
-.378
:. ~

: yJl

–. 040

–: E
-. M7
–. 0i2

-:706
–L 7&l
–L 245
-. 9s5
–. 760
–. Sm
–. 505
-. ml
-: &o

::”;fi

-.036
. lla

–. Olb
–. OMl
–. 020

4. ml
-L770
–L ma
-L KKl
–. m
-.040
–.s36.
-, 3m
–. 310
–. !aQ
–. 140
-. cm
–: O&

-: %
-.024

TABLE IIb.—EXYERIbfENTAL LOAD DATA

[NACA 08,2-216(a-O.6) SectkmAwls of At~k, %- ‘4”1

Values of load @rametor, P- PI-P., for dlUcrent Ii&h numbetsStatIol

0.7520.4(M O,bao
-

–! 870
-1. mb
:. ma
-.646
-. m
-.366
-. !m
-.178
–. Ifs)
–. 063
0
. O!f2”
. lm
Z&

.OM

.012
-

0.701 0.7Z3 a-=-Z[c Omo 0.6W 0.070

–: m
–1. MO
–. ml
–. w
–. am
-.40
–. 2J15
–. m
-:. g

-.010
.057
.1’23
.280

~~ :E
.037

--!9’33
-L 675
–. MO
–. 67U
-. m
–. 410
–. 3m
–. ml
~ ll;

o. :
.UU
.lzo :
.310

.:% :

.m4

-: t06
-1.640
-.376
–. ma
-.526
–. 424
-. m6
–. mo
–. 115
–: g

.:!%

:%

:%%

-! 7m -! 023
-l.&m -1. to5
-L mo -- g
-. I&J

~. ~b
-.870
-. Sm -.710
-. 0s4 -. all
-. m -. m
-.474 -.410
-. an -.2WI
-.149 -.130

.m .Om

.Ma .392

.Io6 .210

.034 . Ma

.036 -. lm

-! t.m
-Lzm
-1. Olu
-. m
-, m
-. m
-, 04n
-. tit;
-,410
-.3W
-. m
-.l Q
-. m

. lm

. Im

.112

. Ku
-

0
-: C&l
-1.7m
–. 666
-. m
.636
-. 4m
-,620
-Jt14
~g

.. Om
. ml
.136
.370
.105
::g44

-! 116
–1. 746
-1. m
–. ma
-. ma
–. 4m
–. Z-m
-. fm
-. Im
-.om

. IJ40

.llz

. MI

.320

-: %
.012

-

-:020
-1. 7m
-1. am
–L 110
-.725
-.4m
-. ai6
–. 192
–. 146
-. m

.W41

. 1s2

.!ml

.410

.O.m

-: E

-! w
-L 675
-1.336
-1. Ml
-LOW
-. ma
-.7’20
–. am
–. 350
–. ma

.060

.161

.245

.455

. lab

.m4

.m

o
0.o%

:!%
.1.54

a
,202
.260
.4fm
.460
.&a
.am
.6m
.7m
.800
.350
.876

0
-1.036
–-y;

-.575
–. 4m
-. 3!23

“=%
-.110
-.068
–. 016

.027
:f@l
.100

-:020
–. a22
–. 018

0
–i. 706
-L W3
-.783
.E&
-.440
-.346
-–. m
-.175
-.116
-.061
-.025

.019

.&%

.166

–: E
–. 021

-Lma
–L a55
–. 840
–. I?415
-. 4s2
–. ai%
-. !2m
-.170
7. M
–. 054
–.. Om

.O’iO

.m

.ZIO

–: 8!!
—.m4

TABLE IIc.—EXPERIbfENTAL LOAD DATA

-

[SACA 06,2-216(u=O.6) SoetlonAngfe of Attack, q--%’]

Statiou I

o.boa

-
0.560 0.ok

~
a“075

:L”h55
-i 766

:%
–. lm
-. m
.W

.U13
:%

loo
.lm
.“2M
.ma

:%
–. Om

0.701

—.
tLTM

3.m
–. mo
-.635
–. 306
-. 2m
-. Is3
-.lm
-. ma

:5

.262

.Zm

.’440
;%

-ma

—.
a 751

——

:Lltb
–. 9ZJ
–. Ooo
-. 4s
-.310
-.265
-, 1s6
-.070

.Um

. lm

.165

.216

.235

.466

.036

.a24

.031

am0.026
-.

:L 02i
–. 730
–.”460
–. 205
–. w
-.lg

-:%J
.119
;;3

:E
~g”

.014

CLomZ/c o.3m
—.

o
–. 853
-.593
–. 223
–.2s9
=. g

-.034

:%
; %7

.lm

.137

.109

.Om

-: E

o. ioo

o,
-LWo

.’2.!!’:
,-. S76
,+.W
-, m
=. 040

.017

:%
.123
.L62
.164

.: z

%

o“
–. 976
-.700
-.465
-.265
-.175
–. 116
–. 0a6

.Ca

.076

.116

:2
.195
.m
.045

–:%

~L 095
-.816
–. m
-. 3m
–. 235
-.145
–. 076

.mz

.Om

.132

.1s5

.222

.246
g

–:%

:1.196
-:: &5

-, E&l
-425
-. m
-.310
-.220
-.140
-. 0a9

.m

.116

.Ifo

.4m

-:$
-. m

:1.165
-=: %6

-. m
-. tm
-, *lm
-. mo
-.
-. %
-. Ioa
-.125
-.010
-. m

H
.115
.110

3. a55
-. ml

~g

$3
-.am
-. m
-.110
-. ot7

‘.ms
.W28
.012
.013

0
.025

:%
.1s4
.Zm
.260
.mo
.350
.4WI
.4m
.ml
.660
.Om
.7DI
.Sm
.853
.87b

o
–. 895
“:::A

-.-240
-.131
-.oiz
-. am

.017

.063

.039

.109

. la4

.146

.243

.026

.011

.em

o
~:g.

–.3m
–. 254
“:. 141i-
–. 075
–. frm

.m6

.Om

.102

.130

.1%

. lm

%

-: %

o
–. w
–. ma
..400
-.zm
-,140
–. W25
–. 046

.027

: Y7
.146
.177
.196
.330
.046
.018
.012
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TABLE IId.-E.XPERIMENTAL LOAD DATA

[NACA 663-2L6(.=0.6) SE&h h@e of Attack, q=~

stiltbn Values of load parameter, P-F’I-Pm fcr dffferent Mach numbers

7=aetm a833
.—

am --la6m a626 a66L I affm I a701 am
——-—

0.7’52 am
.——.

tic
.—

0
.025

:!%.m
.m
.no
.300

%
.45a
.KK1
.5!M
.6W
.7al
.m
.&ill
.875

a8m am

o
—.070

.0i6

.140

.ZLo

.278

.ZJ7

.m

.885

.-W

.423

.8P3

.440

.385

.418

.Lm

.M5

.035

0–.0s3
o
.149
. ma
.230
.2%6
.380
.8s6
.430
:4ZP
.4L8
.40P
.390
.42a
.ma
.049
.04L

o
–. ml
-.OLO

.145

.m

.278

.8L0

.349

.87P

.449

.m

.475

.447

.438

.449

.m

.062

.060

0
–. WI

.IMI

.146

.175

.2L0

.821

.223

.227

.270

.27!3

.275

.273

.255

:%
.0!s
.078

0
–. fm

.m

.163

.196

:%
.m
.!ZW
.%)0
.Xm
.ml
.800
.Zkl
.335
. 10+
.On
.069

0
–. cm

.046

:%
.246
.846
.!ZO
.28’6

:%
.8L5
.w
.ml
.3W
.W
.0s4
.05L

o
–. CM

.060

.146

.210

.%6

.%

.296

.8L2

.84o

.842

.360

.847

%
.096
.073
. W

o
–. M6

.Om

.lcw

.m

.%0

.!Z41

.306

.334

.875

.8i4

.890

.3s4

.356

.4X1

:%
.m4

o
-.160
–. 050

.(K8

.167

.248

.288

.833

%
.4s3
. 4W
.6L6
.m
.W5
.067
.mfi
.0Y42

o
–. !ii3
-.161
–. O&l

.mo

. 16i

.m

.260

.al

.863

.401

.4W

.4!U

:%
.070
.m4
.039

0
–. 42!3
–.302
-. L83
-. w
–. 040

.046

. Ife

.141

.2L6

.Z7a

.!2s0

.193

.!U1

.234

.164

.L8P

.146

TABLE IIe.—EXPERIMENTKL LOAD DATA

[NACA f@-215 (c-O@ Seetbn hgIe of Attech q-~]

mAtfon VeLaesof Loadpecsmeti, P- PI–P., for dffkent Mach numbers

O.alo 0.400 am 0.6.HI aea

0.
.s35
.7B1
.m

: ‘t%
.636
.6s0
. Luo
.620
.662
.Eao
.622

i%
.140
.078
.0i2

0.028 0.651

0
.s60
.m
.760
.7.M
.71m
.nu
. 6io
;g

.666

. 6L0

.5M

.5al

.m

.149

.Lw

.059

am

o

:E
.640

:%
.7U3
.765
.767
.iW
.839
.760
.672
.60)
.175

:E
.Wiz

am am 0.s84

o
.030

:!%.m
.210
.LPo
.240
.209
.K15
.250

–: E
–. 171
-.XO
–. m
—.m

.178

0
.W
.m

:;

.bto

.s?6

.6W

:E
.4W
.42P
.41P
.480
.Le4
.M3
. LM

o
.U5
.7s
.700
.660

:E
.676
.654
.550

:%!
.48L
.4fK1
.43L
.LK1
.054
.035

0 0
.s80 .760
.m .m
.7io .740
.m .144
.Xul .,60
.740 .766
.7WI .7s0
.7= .767
.m .706
.696 ;;6J
.&so
.6M ;:
.m
.310 .Mo
.L80 .Lzo
. 10P .1L3
.0f4 .642

TABLE IIf.-EXl?ERIMENTAL LOAD DATA

[NACA 66+216 (u=O.6) @adlon Angie of Attack, x=$1

Statbn

Z#’c

Valuesof W p-etw, P- PI–P., for dlllerent Mach nmnbem

am

o
L6!UI
I. 350
LU5
.9S0
.&m
.8L5
.7XI
.717
.m6
. w“
. 6L6
.b77
.5to
.Esl
. IEXI
.Iz3
.L87

am o.6CU 0.663 a636 O.&u a755

o
L 010
.925
.830
.9E

:%
. WI
.S31
.846
.781

:E
.293
. L40
. !4L0
.219
.!231

o.wa txu o.m o.m
-

0
LRQ
L 8i5
L Lii
1.m

W
LZ15
LL53
LL65
L 062
.Q!m
.&n
. 4X7
.ZLo
.140
.173
.0i2

o.Z% aim

o
.Sm
.760
.693
.m
.80$
.W1
.7S3
.76L
.723
.02L

:%
:g

.2s5

.m

.801

am

o
.02s

:i%
.655
.653

:%
.680
.W3
.475
.MOl
.145

–. @to
-. Lm

. MO

.293

.3L0

‘o
.026
.050
. ml

+1
.330
.m

%
.463
.600
.653
.Klo
. iCHl

:%!
.675

0
L72J
L428
LL!27
LOW
.Q6P
.s94
.842
.786
.744
.696

:%1

%
. in
.La3
. L81

o
L 750
LE410
LKIO
LL5Q
1.m
LWJ

:$

.774

.7m

.6ii

.615

.325

.176

.118

.L87

o
L~
L 610
L 8L5

?!%
L 010
.Ko
.964
.m
.7QQ
.?45
.684

%
.173
.L26
.OW

n c1 o
.45

%J
.643
.m6
.530
.M8

:%
-ml

-: %
–. 830
–. WI
-.=
-.143

0
L085
L8i8
L W
.986
.914
.s38

-:E
.iml
.65Q
.6L3
.574

:E
.177
.L3L
.LL4

o
L780
1.446
L336
1.Im
L 010
.940
.855
.S37
. 7io
.T27
.6s0
.m

%
.L83
. IL8
.L37

o
L 706
L 4!30
L 8L0
LZO
L L75
L Oi6
LfO.5
.930
.QL6
.8!41
.m
.686
.600
.280
.100
.L86
. ILO

i.630
L 4i0
L2i0
LWl
LEQ
LLW
LLM
L 016
.Wo
.86L
.m
.64
.650
.Zio
.145
.LL9
. la

84310i4~5
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TABLE IIg.—EXPERIMENTAL LOAD DATA

NAC7A06,%216(e-O.6) SectionAngie of Attack, a#Fl

Vnhm of Ioad parameter, F-PI- P,, for dltkent Niach numbersStdion

o.m o.ml 0.062 I 0.676 01702

-—
0.8s2 11242

0
,Mo
.am
.7N
.Ka
. 74Q
.m
.7M

:%
~~

:?%
. n!i

-.346
-.W
-,342

0.501 0.551 0.em 0.026 0.781 0.767 0.786Zp

o
0.an
.OEQ
. ml
.160
.m
.2KJ
;g

:!!%
.bco

:&%
.700

:%%
.675

0
ZE45
2.2%
1.870
Lila
1.bbb
L 370
L 140
.W35
.Om
.a!m
,716
.616
.6(M
.196
.3.m
. lKJ
. 10U

o
!2.103
L&#O
L m
1.5$5
1.w
Lblb
L4to
L an
L291
L m7
.W1
.48i
.046
.180
.176
-178
.142

0
LS21
1.m
1.m
L415
1.am
1.310
1.286
L m
L 116
L 042
.K?3
~~

.M1

.Ml

.238

.2)2

o
L SIO
1.2s5
1.m
L 216
L 162
L lm
1.120
L 001
.276
.806
.670
.411
.246
. lm
.2m
.274
.m

o
1.820
L 210
1.mm
1.693
L 052
t:&5

.916

.WQ

.720

.&a

.all

.140

.075

.KQ

.819

.811

0
L130
1.62U
,915
.S32
.Zm
.2S5
.Sm
.bm
.7W
.OW
.310
.2io

-:i%
.226
.M
.3M

o
2.246.
?$IJ

L 162
L Wo
.“’366
.m
.842
.766
A&

.247

.&Y1

.270

.CM

.118

.162

0
2.WO
L WI
L m
1.2s0
LW5
.Wo
.&Jo
.82$
.753
.706
.620
.64Q
.470
.280
.050
. Itd
.149

0
2200
1.87s
1,4s3
1.m
L la
:Cl&

.630

.850

.710

.040

.646

.446

.176

.C85

.141

.173

0
2.4M
1.Q33
1.6%3
1.220
1.385
L4333
.9bb
.912
.706
.742
.W
.647
A&l

.076

.17s

. !232

o
z 418
L (ml
1.523
1.846
L 216
1.0s5
XJ

.236

.762

.046

.622

.Uo

.146

:E
.122

0
2.510
2.066
L Ooo
L 410
1.266
LIM
1.m
.944
.82s
.779
.626
.62E
.865
.Om
;]%

.214

0
2.4a”
21EiJ
L Fm
1.m
1.746
1.m
LMO
1.482
L2S6
.s26
.610
.553
.616
MJ”

.!3M

.181

TABLE IIh.—EXPERIMENTAL LOAD DATA

[NACA 03,2-215(8-0.6) SeetionAngle of Attack, u,-W’I

Valnm of load parameter, F’-PI-P~ Cordlflerent MM numkw%6t8tkm

0.601

*-
O.mo

,—

0
2.im
2.620
2.250
2.148

‘:%
L m
1.691
L27b

:E
.428
.340
,2!al
.170

%

o.iss h m

o
1.600
1,*
L216
1,MO
1,lEQ
L ml
LC&O
lmo
.a
.im
.Ci(l
.4M

-:WO
.m
.’4W
.#

—

0.520 0.561 0.676 0.7U7 0.734 0.761
.—

sfe

0
0.02n
.0i50
.ml
.160
.24KI
.250
.W1

:E
.4M

:$%
.OfuJ
.7m.
.Sm
.860,
.s76,

o.MO 0.401 0.601

0
2.4$3
2.260
2.m
L Qm
1.830
L 710
L 610
L 502
1.224)
.602
.010
.412
.276

..192
.m
.27E
.242

0
2.2M
2wm
L.~
1.745
L 600

:!%
~ ;Z!J

:s22
.Om
.462
.2111

‘:?%
.818
.337

0
2010
L ma

t=
1.m
L 410
j.%

i%

.650

.871

.2W

.W

.W1

.354

.401

0
1.m
1.602
1.410
L3M
l,m
Lml
1,182
L 021
3XJ

,m2
.231

:%
.3N3
.384
.371

i au
2.160
1.740
L 4m
L m
L 140
“1:&o

:%

.666

.672

.460

.Z03

. WJ

.via

.I.27

o
8.106
a 215
1.ma
L4211
1.82Q
1.10b
1.046
.244
.s52
.7M
.666
.644
.422
; :$

.166

.149

0
3.670
2.1s0
1.810
L640
1.800
L 191
L05b
.546
.8.53
.76s
,080
.420

:%
.Uo
. 1.W
.276

0
8.4Q0
2..223
L806
L MO
1.2ob
L lWJ
1.Obb
.204
.s50
.702
.610
.47v
.310
.095
.ObQ
. lm
.2M

o
ii

1.7’W
LMI
L 866
1.Srm
l.oMl
.262
.s46
.m2
.010
.4Q7
,840
.110

:%%
.242

{. 840
3.Iw
1.m
1.240
L40b
1.240
LOSO
.87.5

%J

.480

.mo

.KKl

.ml

.19.5

.236

;. 883
2.m5
2446
1.420
L340
L 223
L 103
LC07
.S70
.767
.C25
.612
.260

:%
.203
.M2

TABLE IIi.—EXPERIMENTAL LOAD DATA

[NAOA 00,2-215(IZ-O.6) 8@iOn Ani?le of Attwk q=lo”l

0.=2
-

Station Valuesof load parnroeterP-PI–P. dUfercnt bhch numb+rs

o.M6

—.
am o.73b

.—
a.em0.662 L0.677

_—,
G02Q a om 0.702

0
2285
:O&

i 745
Low
L m
L3to
l.lm
.910
.’m
.650
.X4
.240
.210
.352
,474
.531

anao.8m 0.Em
——

0
4.000
3.165
2,am
1.m
L 4m”
L 2WI
L 110
1.041
;SJJ

.670

.631

.WA

. l&l

.146

.162

.246

0.627
-
6“
8.9t0
6.4Q5
:;:

1:616
1.215
L 140
1.002
.m
.739
.616
.464
.246
.196
. lM
.216
.214

#c

‘o&&b 8.675
8.670

2.220 2 MO
L 72a 1.776
L 4W L4@l
1.293 L270
1.136 1.ICd
.977 .876
.Sm .845
. my .7!M
.69) .Zaa
.41i’
.2-W :%
. 10b . ml
, lea . Im
.X12 . no
.202 .245

0
z 510
Z220
Simo
1.s03
1.765
1.5s6
1.8s0
1:O&

.602

:%$
.m
.M1
.326
.&

o

!%
H-3
1.41

$i ‘0
L 1711
Loio
.mn
.m
.M8
.34A
.U7a
. Ws
.4n
.241J

o
7!.040
21X41
2obo
L 6m
L 496
1.306
L NM
LCM2
. Q2J3
.727
.676
.5a2
.2s6
. 10b
.105
. 16s
. 1Q7

o
& 737
2.0.22
.2.112
f 73;

i 246
I.lml
1.048
.848
.ma
;g

.446

. ~a

.172

.l&l

.107

0
a.7cal
8.Ml
8.MO
2.41s
L 776
1.M6
1.105
.927
.865
.712
. ao
.467
.300
~~

..242

.M2

o
3.510
:&i

2om
248)
L 7&1
L 810

:%
.6s2

.:%

:~b
.206
.240
.214

-

0
2.2.UI
Zwb
2.630
2.406
2.176
LSXI
1.4XI
.Q3b
.Q20
. m5
.Om
.426
.224
.25S

:2
.2S6

o
29io
2 no
2Wl
x lm
L 953
L 626
L8’)rl
L la~
.Qlo
.781
. m
.456
.340
.m
.265
.2W
.XXI

o
2770
am
2.210
2045
1.MM
1.M.5
1210
L=

.712

.6M

.407

.410

.270

:E
.Wi

8:O&

. m

.Ia

.mo

.260

.W2

.Sbo

.43)

.4KI

.$22

.653

.KK1

.m’l

:=
.876
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TABLE IIj.—E.SPERIMENTAL LOAD DATA

~ACA M>ZM (u-O.@ S&Mm +@ M Artack q-l!Pl

f
values of Iosd parameter, P-PI-P., for dMercmtMaoh umnks -10.E31

Statbm
—.

sic =-l-a-=o.ml 0.402 0.6s2 CL6SQ

o
2810
%555
2030
L 655
L440
L~
1:~

.S!zl

.&a

.W)

.451

.365

.m

.410

.43P

. 4m

Qiw

1
0
!4140
LWJ
L 745
L076

w
L 446
LWI

;!%
I..

.076

.4W

.4W

.875

.W1

L&
?%
K&
.9X.
.773
.635
. 61E
.3i6
.295
-x
.U5
.335
.fml

o
!Z?AO
2.165
L m
I.iwf
L070
L610
L 875
L m
LOW
.3%l
.W
.MI
.W5
.235
.503
.649
.066

; o%
.ml
. m
.150
.W1
.W1
.W1

:%
.453
.m
.553
.ml
.im

%%
.s76

o
6.65
2.902
9.326
1.9W
L mm
LWI
L MI
:&7

.74!4

.mo

.45?

.325

.m

.216

.=

o
Xm
3.lis
2.5!$
!LOim
L m?
1.m
1.1s0
.9W
.sill
. n?
.563
.4?4
.%7
. 2i4
.ZEa
.277
.2s7

TABLE IIk.-EXPERI3iENTAL LOAD DATA

~ACA oo#-z15(a-O.6JkkctknAm.Ie~ AtkwZ .C=WI

Math I VaIuesof load parameter, P= PI-P., fcr dIffwent Mach nnmbers
——

0.W3 0.631

——
0.567 0.5?3 0s36 O.oo1 I O.fs 0.742-1S/c O.mz

—
ff.404 0.60s 0.7L6 0.761

0
&or!5
.060
. ml
. ml

:%
.3m
.3m
.4WJ

:%?
.6W
.ml
.im
.m
.Sw
.876

0
2.630
2?s0
2030
L390
LiOO
1.5s0
L3W
L 191
1.050
.910
.7W
.611
.m
.WI
.5m
.m
.ml

o
x ZIo
L Wo
L 615
1.410

k%?

:2
.im
.666

%
.4!26
.415
-430
.459
.4m

:100
LWilI
L645
1.356
1.Iw
1.Ou
.930
.4%
.750
.s62
.m
.m
.410
.430
.4!0
.44B
.447

0
!L2m
Lwo
L MO
L WI
L KU
L O!M
.910
.s05
.im
.654

:%%
.3W
.m
.440
.4m
.4W

o
!2-MI
LW5
L4W
L 290
1.130

:2
.X
. no

:&l
.45i
.3W
.410
.444
.43
.407

Lo
Lm6
L 495
LZiO
L130
1.o1o
.s93
.Slo
.=
.W

:%
.3WJ
.410
.450
.4n
.494

0
Va5 h-l
LW LMO
1.4% L 510

L!2P5
i% L 170
.em LC30
.*
.m :E
.m
.Om :E
.5ss
.456 :E
.3s1 .400
.WI .430
.4s5 .4s0
.4W .499
.m6 . ml

TABLE I.IL-E.XPERIMENTKL LOAD DATA

~,LIJA W-ZS (6=0-6)6ect40n@ of Attack, Q@~

Etntks
-

I-/c

Values of loud parruacter,P= Pr-P., fcr dfllerent Mach nudess
—.

0.323 0.5U 0.637 0.604
——

0.590 0J317 mm 0A9s

——
0.73 0J75O.m as44 0.745

0 0
LW LOW
L45% l.mo
L 220 L za5
:% L150

L W5
.s95 .W6

.Sio
:% .m2
.im .730
.624 .m

.570
: F4 .4ii
.403 .m
.415 .435
.416 .445
.431 .4i5
.434 ..4s2

o
1.7s5
L5i0
L330
L175
LOiO
-m
-w
.86P

:%
:~

.4YJ

:2
.491
.x4

o
ao&5

. lm

. 1,s0

.Zm

.?50

..WI

.350

.403

.4m

.500

.550

.Om

.700

.Wo

.8s0

.Si5

o
L025
L 455
L246
1.L%l
L 010
.QW
.Wo
.is.t
. Z@
.6!9
.6W
.4W

:a
“:2

.42J

o
L605
L435

k%l
.996
.Ws
Am
.761

:E
.5KI
.461
.4m
.430
.4M
.42A
.424

u n LMo
;EJj
1.Ml
LOltl
.mo
..%5

:%
.640
.606
.460

:Z
.s74
.ml

o
2615
21w
L 610
L385
L 210
LOHI

:877
.s10
.ioz
.m

%
.4S3
.640

:=

o
2s05
24s5
LiW
1.S55
L 25s
LU25
.Ezl
.W2
.S!Zo
.71E
.040
.522
.465

:%
. ma
. G4i

o
zml
LP55

;%

L 100
Lffm
.!M

:%
.m
.W1
.mo

:%
.m
. ~1

im
LWO
L W
L 140

.LLW
. W
.m
.810

:E
.m
.4s5
.431
.443
.435
.4&s
.4s5

i. no
I. Sal
L 31fJ
L w
1:O&
.*

.mi

.im

:E
.mi
.415
.425
.450
.43
.442
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TABLE IHa.-EXPERIMENTAL LOAD DATA

[NACA ~16 E-ectfonAr@e of Attack, q= -6°]

Valrrrs of load pm&er, P= P~- P., for dlffwent Mneh numbersSttitkm

0.7360.400 l-d ~~0.660 0.6s0 --l0.677 0.703 -10.779 0.amZ/c
——

0
0.025
.050
. lW
.160

:Z
.Wfl
.axl

;g

.652

.6WJ

:%

:%

SWfon

o.3CQ 0.531 0.62a

–: 003
–a ria6
–_f g

-. 6KI
-.&
–. 610
-.442
–. 370
–. 272
–. ml
–. 176
-.110
-. m
-: O&

.M9

0.051 0.767

–: Oca
–LiW1
–L240
-. MO
-. Qm
-.350
-. iM
-.619
~.$

–. m
-. m
-.193
–. 110

.030

.Cul

.029

am

–!,mo
-L 630
-LOiO
-.734
-.730
-. 6S)
:::

:2

-.246
-. m
-.176
-.140
-,676
-.049
-.010

-:600
-2.070
–. WI
-.720
-.656
-, mil
~.

-. aM
-.304
:: ;fi

-.160
-.110
-: ho

.053

–: 810
-2.220
-LO.?O
-.760
–. 690
–. 600
~: 61:

–. 876
–. 301
-. 21?41
–. !2)1
–. Im
–. 100
–: O&

.063

-: w –: Om
-2 ml –2. am
-L 03ii -L02Q
–.7m -. S20
-.700 -.720
;. -.610

-.630
-.434 –. m
~.o -.306

-. 2!29
-.240 –. !Wl
–. 194 -.203
–. 146 -.160
-.066 –.MO

;0$ ;:r31,

.074 .($38

-! lea
-2.610
-L @6
–. 760
–. 720
-. m
-.640
–. 456
-.349
–.274
–. 240
–. la4
–. Lfo
–. 061

; :;:

.078

–: 830
-2. Mo
- L 910
–L 640
-L140
–. m
-.440
-.232
-.346
:. ~

–. 166
–. 110
-. WI

.030

.062

.030

–: &m
‘ –z 430

-1.840
–L 600
–L 4M
–1. 330
–. 5s0
-.419
-. !xll
-.m
–. 120
:.129
–. WI

.W1

.Onl

:$

-:470
-2 .zim
-L600
-Law
-L m
–L240
-LMO
-. 74a
-.470
-.233
—.196
-. 13a
–. 0s0
–. 010

.0’40

%

–: 2U0
–z 010
-L 400
-Llm
-L120
–Lmo
-.Qfo
-. 73a
-.620
-. 0s
-.323
-. Ma
–. 136
–. 060

:&j
.Ms

–!m
-L4W
-. 9io
-.670
-. m
-.dm
-.460
–. 310
-.220
-.165
-. ml
–. 110
-,110
-.1.10
-. lW
-.om
-.0 N

-!.MO
-L3MI
-.330
-.s10
-.430
-. m
-. am
-. 2L7
-. Wo

.Oia

.100

.2W

.%O

.m
,aio
.m
. la7

TABLE IIIb.-EXPERIMENTAL LOAD DATA

[NACA 23015 SectfonAngle of At4aek,~= -4T

V81UW’0[lo~” ~mmetw, P= PI– P., for dlflercnt Much numbtm

0.67$.
-

–: 240
–L %fll
–L 130
–. 4W
-.W
-.aoo
-AlO
–.24XI
.230
–.104
–. 130
-.104
–.om
-.040

.Ca9

.06u

.m4

CiXxJ I O.m” 0.753 I a779 I o.am I 0.6850.626 \ 0.651It?

o
0.026
.060
. ml
.160
.2W
.260
,330
.3s0
.400
.454
.&xl
.660
.6U0

:2

:E

Oacfl owl 0.600 0.701 I O.m

-!.m
-1.600
-.’340
-.710
–. m
–. m
-. m
-.791
-.730
–. 434
–. !410
-. ml
–. 030
–. 026

.040

.029

.099

-! 710
-1.420
-.1
~:-g

~: g

-. M4
-.046
-. 6s9
-. @l
-.272
-.010

.032

.IRo

.064

.oa9

-! 536
-LXO
-. m
-. 82s
-.3m
-. alo
-.m
:: so

~.

-, la
-.160
-.050

.031

.O1o

.071

-!u6-_yg
-.m
-.210
~:~

-. ml
-.IZI
-.027

:%
.356
.410
. Ial
.Om
.01s

-:040
–L 3KJ
–. 670
–. 3bo
-.360
–. 810
–. 290
–. 240
-. WI
-.178
–. MO
-. IL9
-.om
-.060

.020

.017

.Om

–: Oaa
-L 366
–.630
-. 3M
-.3.93
-.a2fJ
-.WI
–.!Jm
–. 220
–. 166
–. m
–. 111
–. 020
-.070
–. 020

.019

.041

-1.m
+iJ–L

–. 370
–. 320
–. 810
:. g

-.179
-.140
: ~4

–. 05d
–: O&

.044

-i .220 -1320
–L W –L 650
–. 600 -.540
–. 410 -: $&
-.410
–. am :: g
–. 323
-.273 –. 263
–.220 -.223
–. 178 –. 173
–. ml -.lm
–. 106 -. 0Q3
–. 090 –. 070
-. 0s3 –. 040

.010 –: O&

.OM
,“043 .U93

-:420 -: a56
-L760 –L81fi
–. OXl -.W3
–. 410 –. 370
–. 416 —.453
–. 360 –. m
–. 924 –. 350
-. m –. 2a6
~:g –. 230

–. 166
–. 120 –. 140
2. O& –. 100

–. Om
–. w .020

j3&
:E
.W .076

–: 100
.–L3M
–L220
:&K

~.

–. m
-. 2!43

–!040
-1.746
- L 154
–. 8SQ
–. w
-. m
-.&Xl
-.443
-. ml
-. loz
–. Ooo
-.043
-. OW
–. 040

.OX1

.022

.053

–. 15s
–. m
-. la)
–. 075
–. 040

.020

.032

.04s

. TABLE IHc.—EXPERIMENTAL LOAD DATA

[NACA !23315f!eetlon Angle of Attn.ek,q=-~]

+

Station

sic “0.800 I 0.400

Veluesof W.d parameter, P-PI-P., for dlRerent Mach numtx,rs

o.eJl am 0.7% . 0.751 0.777O.mfl I 0.631 O.W$I 0.625 o.ml 0.8M [ O.am
. —

o
-L 2S5 -:.210
-.m -.S76
-.M3 -. m
o .Oal
,110 .095
.106 .110
.100 .110

.0c3
-:E ,m
-.126 .m
-.om
-235 :5
-.255
-.OM .106

.Oal .Oa

.ms

.o~ -:E

o
IO&6

. UY3
, Ilk)
.Z4m
.260
.300
.3XI
.4KI
.4M
.600
.650
.&m
.7M
.Em
.Mo
.W2

–!0a6
-. m
–. 030

.@kl

–:E
-.045
-, Om
-.040
-.023
-.010
-.010
-.016
0
0
.012
.022

.-!Ml
-.660
–. 060
::%

-.oao
–-ml
-.062
-Cow
–. 019

.010

.Oas

–:%!
–. 015

.Ofle

.016

–!.446
–. 793
-. O&l

.om
–. m
–.000
–.070
–. ml
–.ofa

-!.03–.am
–.W5

-:%
–.om
–am
–.049
–.056
–.W4
–.om

–t ma –;. 426
–~: O&

:%
.140

-. all :!%–.166 -.002
–. 130 -.910
–. 0f8 -. a34
-. m –. 376
~:og –. 169

~.
-.01s
-.m5 .010
-.o1o 0
0 .010
.022 .ml
.023 .014

a-1%3 –L azo
~.g -.0$3

-. WI
.040

–:%?
-M -.037
–. Oao u
–. 0a4 –. 028
-. OeQ –. Oa-1
–.W37 -.Cm
–.0$3 -.040
--:% –. 029

~rJzJ
.030
.O11 .010
.021 .COa
.039 .039

-:. 3M
“z: -g

.Cm
o

–. 0%
-.0s0
–. 005
–. Oxl
–.04a
-. Oio
–.013

.m

.0a3

.Om

.040

.025

–!.4m
–.7611
–. fral

.050

–: $%
–cm
–. Ooo
–. Ofo
-.0%
-. 0+0
–. ml
–: O&

-m
.m4
.0&3

-;. 516
-ma
–. 136

.100
–.fw
-. Im
-.0’33
–. 072
–.m
-.056
–. 045
–:~;:

o
0
.022
.023

-! 300
-low
-. m

.034-

.130
~.

-.118
-. m
-.464
-. ‘w
-.139

.055

.Ce6

:$%
.029

–. 051
–. 0s
–.ozl

–:%

.OIJI

.CuJ

-.029
–.M6
–.021
o
.Ou
@4
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TABLE IIId.—EXPERIMENTAL LOAD DATA

[NACA Z?016Section Angie d Att8c~ q--oO]

. Ve.lues0[Icad p9rametw, P-PI–PM h (If@rent W&t nmnbcmStdfon

tic CLmo o.4m o.ml 0.025
——

0
-.m

.Io3

.640

.651

.4m

:2
.W
.Lm
. Irm
.Oio

:%

-. m
-. m3
-. OIo

Um 0.676 0.m 0.726 a7a7 O.im fLm6 0.E34

o
.025

:%
. ltw
.m

%
.3m
.4m
.403
.5XI

:E
.im
.m
.am
.Wo

6t9tIon

q’e
——

0
.023
.Om
.Km
.153
.mo
.350
-w
.S50

;&R

:%
.m

:%
.Ku

o
–. Ml

.166

.4s0

.m

.Uo

:?5
.1S2
.lm
.W!
.670

:E
.O111
.0$0
.040
.OIZ

o
–. m

.m

.am

.4i6

.340

:%’.lea
-Ilo
.0a4
.Om

:%
.IxI1
.am
.ox
.011

0
> as

.ml

.am

.Iml

.4m

.310

.Zm

.145

:%
.Om
.Oai
.lm
.Oio

:%
–. m2

o
-. m

.ml

.633

.Fllo

.Mo

:2%
.142

:E
.Im

:&
-w

–:%!-.0)7

o
-.450

.076

.6m

a
:2%
.125
.lm
.m
.Oio

:&
.040

:.020
-ma

o
–. alo

.Om

.ea

.im

.606

.440

. la

.I!m

. lm

.094

.ma

:%
.W1

o
–.om
–.om

o
–.&a
–.040

.am

.7m

.im

.603

.Ku

.062

.ImJ

.mu

.040

:E
.Om

o
–.033
-.03?

o
–ml
–. I.m

.m

.740

.7M

.;%

–:E
–-m

:&%
.Om
.010

–.o!m
–. 042

0
–.6m
.Ma

.4m

.640

.693

.640

.593

.611

.530

–:%
–-m

–:E
–. 020
~g

o
–.730
—.2i5

.*

.5L0

.Lau

:%
.=
.4f41

.:=
.211

–:E
~.

–. Ml

o
–.850
–.330

.Zlo

.M5

.433

:E.no
.ml
.167

–.ag
–:m&

.Om

–: E
–. OM

o
–. 3i5
–. 4S3

. Km

.300

.360

:%
. L=
.Om

-:&
–-w
–.393
–. ~
-. m
-. m
–. m

1
—

o
–. -w
–: ~

.am

.m3

.4!25

.423

.als

:2–-1?S
–. 246
–. 326
–-440
–.m
–. ml
–.&m

TABLE IIIe.—EXPERIMENTAL LOAD DATA

[iVACA2301S &ction Angie of Ma&, u#?I

Vdnes of Imd parameter, F’- Pt-P., for dffterent %[a.chnmnbm

0303 Om --lam 0.661
-

0.076 0.736

0
–ma

.am

i~
.m
X&

.im

:E
.Za3
.Ia4
.Im
.040

–. ma
~.

oJ!m aim O.im O.ial O.K!i

o 0
.695
.915

1:~

.im

.mil

.m

.344

:%?
-m
.Im
.lm
A&

.OK
-w

o
.9s3
.955

?%
-m
.e!m
.435
.373
.315
.Zm
.225
.1s
.M5
.m5

:$%
X04

o 0
.663 .496
.970

L Zm i!%
L ma L Z5
.aso .m
.6S3 .Om
.m
.402 .%

;%
:E
.346 ..ml
.m4 .307
-m . li5
.loa .lm
-063 .Om

.0L5
–:% -.013

0 0
.m:&l

1.306 1:%
LS30 L4Q0
L 110 L3i0
.5-LO L mo
.440 .41b
.409 .3.f41
.291
.mi %i!J
.aa
.239 .lm
.163 .1s

.m6
:E

:K
–:%% –. 035

0
.am

i%
1.m
L!M5
L 103
.aaa
.ml

:g

. Ml

.lm

.076

.010
-.009
–. ml

o
.Ola
.465
.a’io

L 136
L llm
LOW
1.030
.746

:E
.195
.117

–%
–.om
–.018
–.032

a
.m
.640

?E
L2Wl
L 135
1.MI
.m

{g

. IM

.m

.055
0

–.054
–. W?

n o
–. 405
–. 016

:&%
-603
.640
.,485
.370

:%

–: g

.13a

–:83–.0?3

.aio

I:%J
.66s
.640

::7

.244

.2M

.177

. Iio

.lm

:K
.043

.!ZQ
—.165
–. WI
–. 325
–. m
–. ma
–.653
–.02-3
–.4m
–.316
–. 230
–. m
–. 176.
–. Om
o

–. 019
–. m

TABLE IIIf.—EXPERIMENTAL LOAD DATA

[NACA 23015 Eectionangle of attack, q-4q

IStntfon

qc

Valuesof Imd -*, P- PI–P.. f= dlffwent Mach numbers

1

O.am

o
.m

L 375
LiXI
L795
L625
L 4i0
L(MO
.i’m
.alo
.365
.373

:%

–:M
–. m
–.035

O.m 0.731 0.753 Wal

I

O.m

1
0

–: ~

.Wi
-no
.Wi

:5!
.lil
.m

–:E—.142
–.175
–. MCI
–. 250
.mi
–. am

0.300 0.400 o.m O.em O.m

0.
L SKI

k%
L m
1.126

:$%
.5W
.4m
.417
.am
.Zril
.955
.laa
.Oio
.m4
.Ml

o 0
L305 . L4t0
L~ L 7m
L ma z 010
L 516 1.060
L233 L230

.595
:% -ma
.m .619
.6M .530
.436 .462
.360 .mo
.am .317
.26a &!7a
.103 .lm
.076 .!-Ml
.Oza
.ma .E

o
.am
.am
.Im
. ml
.’.410
.253
.am
.am
.4m
.4m
.Xnl

$%
.mo
.mo
.Sm
.ml

o
L 4i6
L eQ5
L553
L~
L040

:%
.!!82
.406
.396
.33a
.r&
.253
.160
.Oio
.037
.m

o
L2i0

:%
L 916
Lslo

:E
.S47
.505
.Mi
.350
.m
.246
. la
.040

-:W

o
.m

L103
L510
L6f41
L4KI
L265
.m
.Z?5
.64a
.303
.29a
.ZI1
.15a
.Om
.010

–.om
–.023

o
.m

~:

L ml
L103
.m)
.m
.m
.407
.310
.23a
.ml

:%1
.017
.013

0
.43a
.810

L I’m
L al
L 105
.915
.m
.6&4
.m
.ss7
.305

:x
.Om
.050
.Om
.OM

o
.Im
.alo +ij
.m5
.945 .am
.aoo .?m

.SW:E ..im .
.ai6 .ma
.m .160

{z :%
. 1?4s
.170 :E
.140 .lm
.110 .m

Nil&
:%

I
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TABLE IIIg.—EXPERIMENTAL LOAD DATA

[NAC.42?415 SectionAngleof Atta&, a@”]
.-

T
StatfOn

Zic

Voluea of Iaad parameter, P= PF P., for dlffarent Mach numbm

:._

a843

o
.Z%l
.W
.ma
,W6
.Slo
.710
.m
;~~

:%
, 11s
.100

-: E
-. UJ2
-. 02J

0.651

——
O.o!al0.400 .O.tcil 0.665 I--40.681a7m =-l=0.300 a602 0.735 0.810

0
.023
.(M
. lW
. WI
.m
.2E41
.2MI
.3M
.400
.460
.Eal

it%
.71m
.800
.3J21
.(HJI

o
2.239
2246
2.lW
L 746
L 893
L 002
:g

.Om

.ma

.@)

.417

.am

.235

.185

.070

.Oaa

o
2410
2.4m
3.240
L WI
L340
L121
.Wa
.s04
.8.93
.579

:%
.WI
.226
.123

:%

:&al
2.MO
!A43%
2 In
L3S3
L180
;~

.730

..590

.610

.429

:%
.WJ
.016

–. 056

L
zoo
x 762
2.WJ

k%
.236

:%
..!S2

:%’
.W

:E
.012

-. m

o

k?%
%422
2.210
LWI
L423
L Oea
.810
.8KI
.517
.410
.327
.Mo
. 13b
.040
.015

-.W7

o

MK!
a 1s6
L2W
L 730
LW
L040
.8W
.6W

%
.W1
.2s2
.140
.W3
.039

0

0
1.330
L730
L Wlo
Li%l
L 440
L 140
.0$0
,775
.620
.610
.4%3
.3W
..203
.lm
. lKI

..:%

o

1:E
L 444
Lam
1.070
.s90
.730

:!%
.404
;&q

. 31s

.234

: ?5
.0s8

o
.7XJ

L 160
L 340
L 210
.236
.700
.656
.s62
.4io
.42n

:%!

:E
.170
.181
.039

0 0
.Cal .4M

.810
1:E L m
L 040 .9W
.S30 .740
.Om
.615 :%
.441 .262
.320 :$
.361
.am .2W
.2NI .m
.296
.240 :%
. Km ; fif
.106
.134. .134

0

:s
.Qs6
.lm
,m

:%
.266
.170
.169
.lza
.110
.110
.110
.110
.110
. ilo

●

TABLE IIIh.—EXPERIMENTAL LOAD DATA

[NACA !XI16 SectJonAwIe of Attack, q-sq

Vahmsof load parameter, P= PI- P., for d!ffermt Mach nmnhersStntfon

z[e 0.300 0.402 0.620 0.005a fal a657 0.67a o.eal 0.6.53 0.084 0.711 0.783 0.7a6 o.?22 a s21

o
.W

1.019

:%

.6(0

.426

.aw

.304

:%
.2to
.910
.210
;=

.160

.

0
.026
.OEo
.100
.15)
.!2MI
.260
.3i$.l
.3&l
.400
.41XI
.EOo
.Sfa
.803
.700
.s06
.s60
.4!00

o
2.280
%Ilo
2.O&3
2270
L @l
L 870
L 160
.285
.a36
.717
.020
.637
.4m
.alo
.180
. In
.M

o
&448
3.234

;3%
L707
1.448
L 143
L 02.5
; p,)

.632

.651

. 4Kl

.316

:;
.Cwa

o
a230
am
a230
a 010
L 670
L460
1.I’m
4.079
.880
.726
.230
.516
.424
.230
.140’

-: E

o
; p.J

29X!
2320
:%

L 140
.m’
.740
,814
.510
.427

:3”

.054
-. Cull

o
2.4(KI
2310
2.670
23m
1.780

?%

%1

g

.220

.l!m

.CQ4

.046

0
2.ml
2.4W
2.270
Lwo
L m

H%
.872
.740
.614
.510
.442
.Wo
.270
. lm
.142
.073

0

kg
.2024
L 760
L4X3
L 1S0
LO!O
.W
.7E4
.649
.&lo
.478
.420

:%
,169
.091

o
L460
L Sfo
:Og

L 110.
.950
.340
.7W

:%’
.540
.4s3

g

.211

.I!2Q

o
L240
L(W3
L460
1:2g

:%1
.002
.600
.642

;:

.3!30

.m

.X47

. 12S

o
L 106
L4M
1.310
L lm
.E#l
.7W
.640

:%
.47a
A&I

.410

.2KI

.2s2

.242

. 11J4

o
.Mo

ii%
\ l))

.840
AoLJ

.4KI

.423

:E
.270
.am
.270

:R!

o
.no

1.110
1.070
.Oto
.710
.6M
.440
.378
.aw
. aal
.Xtl
.2s3
.aa)
.260
.230
.321
.U14

TABLE ID3—EXPERIMEIVTAL LOAD DATA

[NACA 23016Swtton A@a d Atta~ q-10q

Station

z/e

Values of had pmarnater,P- PI-F’., for dffforent Mach nnmb.am

a628

o

;E
;8&l

L 810
L 270
L Im
..W
.720
.2UJ
.610
.429

;:

.E24

.101
-

amo.wo.aw
.—

iw
3.700
2140
2.430
L 910
L&l)
Lam
“L 115

.060

.327

. 7W

.m

.’!06

.823

. Im

.127

.066

awl a ml

:Ooo
4.030
3.7eLl
a,K13
L m
L 470
1:Z&

..s23

.033

.6s6

.468

:%%
J&

.W1

0.666 a 6s1 o.es4 0.081 0.6s 0.716 0. 74a am

o
.025
.OEJ1
.100
.lfa
.XI1
.Mo
.240

:M
.4MI
.(KIJ
M&

. 7rM

.803

.sm

.%m

:822
4.112
;.

2m9
L 87s
L SW
L 174
.W4
.8S1
.719
.S13
.517
.5Q4
.180
.101
.Wd

L?JI
8.120
2.740
2070
L 022
L 810
LIM6

:@
.702
.Ooo
.622
.m

:%
.202
.143

0
2.670
x 730
2340
:.

L220
1:O&

.ao

.715

:%
.424

%

:?#

h46
2.450
2070
L 620
L 280
1.lm
1.046

:5
.742
.840
.637
. 5m
.410
.300
.246
. 18s

:110
2230
L 8$3
1.40Q
L260
l.om
.Sm

:M
.739

: :%

;g

.m

.211

b
L270
1.K1O
L 260
.060

:%
.Om
.b30
.52)
.t!u7

:&
.460
.430
.am
.2-31
.me

pij

1:Og

.847

.770

.:%

.:RI
:=

.276’

.220

0
L no
L8S4
L 626
L!WI
1.030
.236

%
.740
.6s4
.826
.621
.&w
.41ul
.am
.301
.!42J

o
L 640
L 7W
L 670
L 276
1:_m#

.m

.642

:%$
.6W
.682
.623
.440
.3W
.282
.228

0
L 4al
L 690
L 20)
L ml
.816
.710

:%
.636
.637
.600
.422
. 4W
.4’10
.280
.822
.!XO

o
L 146
1.41Yl
L2W
L Ial
.4W
.710

%!
#am
.611
.426
.476
:g

:%
.W

o

1:%8
L 3W

i: E
.320

:E
.Ooo
.603
.330
.810
.4m
.440
.410
,377
.M6
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TABLE IIIj.—E2LPERI3IENTAL LOAD DATA

[X4CA ~15 %2tiOn h@e of Attack, c%-l!F]

Values OfImd ~meter, P-PI–P., for difkentM&ch nrunbemStatkll.1

am o.?’IQ a 746 Q1760-s$3

a
!zW
3.m

i%
L 240
LOiO
.Wo
.m
.Sio
.m
.no
.655
.tlzi
.Slo
.ao
:3g

Cl&m a636 am

o
2.010
L&!i3

kE
L~
.m
.s35
.27s
.m
.@6
.W1
.633
.f?xl
.m
.431
.Si8
.m

CLEm

i 740
&m
3.315
2 ml
L m

k%
.Q51
.810
.em
.m

%!
.3Q5

:E
.!414

!340
%310
2E-10
LWI
L 540

k%
.W2
.S91
.7W
.no
.&?a
.m
.4S2
.350
.%9
.!al

o
L390
i?m
L7111
L3Q0
L 210
LWI
.9ml
.S32
.m5
.747
. ial
.E3i
.610
.510

:%
.Z3

o
L9J5
LiW

W
.WX1
.W1
.810
.761
.ns
.Oia

:E
.lws
.635
.415
.35R
.!2s4

o
L~
L785
L 4W
L!ZM
1.OIo
.930
.s60
.302
.m
.727
.6Q5
.639
.6L6
.621
.410
.351
.288

0

i-%
L(?4O
L~
L050

:E
.ml
.m
.7!44
.8s6
.662
.6!M

:E
.369
.=

o
4.WI
4.353
3.610
2im
21w
L no
L4@l
L2?i
1.030
.377
.740
.617
.510
.’mo
. Ial
.Ow
.0i3

TABLE IIIk.—E~PERIMENTAL LOAD DATA

[NACA Z3016SecttonAn@?ofAttnck,t+~q

I“ahu?s of Iond fmrameter. P-PI-P., m dufemntMadlnnmbem

O&a 0.695 0.7240s8 O.cda OJHO am O.i’is 0909

0
L6W
L730
L~
L3m
L 140
LOZO
.Wo
.s76
.8SS
.iw
.mo
.740
.7XI
.6s5
.625
.591
.549

O.Sol 0.403 0.600 0J32 0.6M

o

w
LW3
L550
L365
1.Ie5
L lWJ
.9!37
.K16
.W.4
.7S0
.72i
.076
.m
.4Kt
.332
.Sll

o
LR!M
L700

W
.975
.875
.8a3
.742
.s90
.05s
.eao
.F417
.675
.E30
.W
.4M
.353

LOEll
L880
L 810
L2WJ
LfJ3fI
.Oio
.8!XI
.S3a

::

.607

.640

:=

:%

o
L 815
!zmo
L S!3S
L 4i6
LIM
L025
.W
.2s6
.s40
.803
.im
.740
.T15

:%!
.4i3
.401

h6
L ml
3.241
y%

L333
l..

.769

.6s0

.61S

.5s4

.603

.4ss

.414

.355

.2%2

:736
3.3M
7L3m
L780
L 480
LMO
L125
L 011
.Ec?o
.8S1
.760
.W
.650
.540
.435
.360
.294

:B!l
2W0
%M5
L645
L445
L!2KI
L130
L 014
.W41
.St9
.iso
.729
.670
.580
.4M
.389
.301

Lo
2325
LT60
L 4i0
L276
L130
LOW
.946
.330
.815
.746
.m
.690
.m
.4bs
.407
.am

o

k%
LWf
L360
L WJ
L056
.Mo
.S8i
.m
.767
.7XJ
.Em’
.mo
.6s41
.46s
.424
.333

L15
H%
L250
LOW
.976
.88s
.SfM
.770
.729
.691

:E
.576
.4s0

:a

o
L960
L 740
L3S5
L 160
.W5
.S91
.slo.
.75a
.m
.m
.64
.6al
.623
.665
.4s3
.430
.357

no
.IE5
.&so
. lM
.150
.Zm
.!256
.3m
.3E41
.4CU
.450

:E
.803
.7UI
.8(II
.SK1
.W1

i. 8Q5
L 060

i-%
.Um
.s60
.7$3
.730
.ImK
.m
.616
.601
.&m
.626
.463
.441
.3s0

1.

TABLE IIIL—EXPERIMENTAL LOAD DATA

NACA 23015 SectionAI@ oCAttack, a@6q

Value90[ load wametec, P-PI–Pss fm dUTerentMach numbersEtaKcn

rjc O.m 0.726 0.766O.m 0.589 0.616 0.643 0.67U 0.7s20.44M 0.53

Llxl
3.085
%Oil!
L646
L4!M
L370
L 170
LLT8
LOOO
.929
.s60
.s14
.ioo
.635
. blK
.436
.%7

0536.

o

w
1.m

:%!
.Wo
.8s3
.843
.790
. ?44

..7C41
.682
.60s
.mo
.635
.49Q
.448

0
4.no
L 315
3.Cu.o
2?30
LMO
L 173

:%
.no

.%!
:%

.550

.470

.497

.333

0
km
&m
Zno
L954

;E
.s60
.760
. ml
.67$
.632
.604
.603
.540
.4KI
.38a
.232

0
Zm
;.0

:.

L!m
L150
l.%

.W4s

.860

.819

.7W

.675

.430

.4&4

.an

o
Zmo
2s0
L730
L XO
L3M
L166
LIOO
LGX?
.m
.W2

;~7

.6W

.676

.61X3

.4U

:245
XM6
L640
L 310
LIOl
LMS
. 9i5
.910

%%
.776
.7W
.740
.W1
. bio
.4s0
.407

L511
;!%
L.3W
LEO

:E
.867
.Sls
.iw
.760
.m
. no
.660
.m
.497
.410

0
L4!711
LSOI
L454
LZ30
L lW
LOW
.733
.879
.Sm
.807
.770
.767
.740
.&i6
.fam
. me
-m

o
L S70
L720

W
LWI
-w
.870
.818
.7M
.733
.700

:K
.ms
.Q1
.4ii
. am

o
LS60
L67U
L416
L2M
LOKI
.935
.870
.8M
.m
.7W
.7M
.634
.665
:%

.476

.3B4

o
L81!4
L650
1.am
1.200
L045
.040
.s60
.810
.765

:;

.64

:E
.m
.400

0
2.02s
L7W

:%
L 195
LOW

%%
.3W
.838
.805
.776
.760
;%

-ml
.s46

o
.0!23
.050
.100
.160
.mo
.250
.Wo
.350
.400
.450
.600
.650

:E
.8M
.850
.m
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TABLE IVa.-EXPERIMENTAL LOAD DATA

[NAOA m16 Section Angle of Attack. q-W]

Station Vekm 0[ IOOd mameter, P-PI-P. for dltlerent3iach numlws

‘“ k 0.701am.@ 0.400 0.6YI 0.876 0.720 I 0.761 \ 0.777 a m5 II 337

0
.025
.Ilrd
. ml

i.%
.Z141
.300
.852
.400
.4KJ
.&w

:@
.7M
.F3xl
.m

o
-. 0%1
–. 010
–. MM
-. Oal
–. 016

-: E
-.015
–. 020
–: ~

-: g

.O?m

.010

0
–. 063
–. 010
–. 056
–. o%
-. a-ul
-.0241
–. 025
-.030
-.022
–, 086
–. 015

.mo

.mn

.mo

.mo

.030

0
-.070
-.0.23
–. !?93
-.0$6
–. 025

-: z
–. 085
–. w
-. IY33
-. m

.Wo

.mo

:%
.Om

o 0
–. CM –. Oal

–. 016
-: E –. 095
–. 085 –. 005
-. Om -.023
-.015 -.025
–. 026 -.040
–. ()= –. 05.5
–. 025 -.015
–. 026 : yJ
–. 010
-.010 .fm
-: O&b .Om

.Ooo $%

.066 .Om

o
-. C80
–. 010
—.110
–. m5
–. m
–. 025
–. 040
–. 040
–. 020
–. 025
–. 010

.m

.Om

.ml

.Om

.02ii

o
–. 0a7

.015
-.146
–. am
–.um
–.035
–. 645
-.040
-.020
–. O.M

.Om

.lmo

.m

–:%
.Om

o 0
-.083 -.033
-. ma .O.a
–. I 10 –. (s5
–. m .:.
-.020
-.056 -.066
-.055 =%6
-. m5
-.016 –. 185
–: $$ -.010

.ms
.cnm .010

.010
-: 1% –. 010

.mo
% .080

0
-. ma

-: E-. ma
-. m

-: %
.-.075
–. 036
-.186
-.506

.016

.025

.Om

.015

.O!m

o
-.UM

-: E
Y 27b
-. ox

,015

-: ~6
-.010
-.016
-.0141
-. ma
-: %5

.010

.ml

o
-cm

.076
-. Om
-. ma
-.01

.01!
-.01s
-.010

-;~~

.025

.am

.nln

%

TABLE IVb.-EXPERIMENTAL LOAD DATA

~.4CA 0015 Section Angie of Attnck ~.-W]

.
Station Vrkce of lead ~wmneiw, P-PI-P. for dlffofent Maclr numbws

0.851 0.762 I 0.779 RemXIe

o
.026
.054
. lm
. 18)
.m
.Zm
.300
.3XI
.400
,460
.ma
.6m
.Om
.7M
.8m
.9M

o.m 0.400
.—

amo

0
-.910
–. m
–. 726
-.645
-.435
-.875
-.275
–. 224
-. ml
–. M6
~.

-.000
-. O&I
–. 010

.(UM

0.825 0.ml am

1
0
-.205
-. ml
-. m
-. s55
-. Xl
-, m
-. Ial
: :8J

-, SW
;044

; ~a

.m

.m

o“
~.

–. ma
–. m
-. Sm
–. 475
–. 285
–. 240
–,~
–. IW5
–. 120
–. 005
–. lm
-:~;

.066

.0 0
–, 880 –. 956
–. 89.5 –. 730
-. E46 -. MO
–. 415 -.450
-.845 –. 370
–. !MJ –. 810
-.245 -. m
-. .%46 -. Zlo
-. ml -.166
–. Im -.175
–. 100 -.110
–. mo -.080
–. 075 -.070
-.005 –. ma
-.035 –. 026
-. Om -, (W5

:, g!o
-. no
: S&

-. 8!KI
–. W
-. m5
-. Zls
–. 175
–. 196
–. 115
-. m
-. OM
-.066
-.025

.MIS

G
–. 985
–. m
-. m

yJ
:$
–.186
–. lzo
-. Om
-.085
–. 08)
–: &s

o
–. Q16
-. 8m
-.746
-. MO
>. g

–. Zm
-. 2M
–. !ml
–. 195
-.142
-. ma
-. lW
-. m’5
–. 010

.OEa

o
–. ml
–. 845
–. 810
-.850
–. 480
-.426
-. WI
-.246
–. 202
-. I.&5
-.136
–. MU
–. 106
–. 065
–. m

.Om

o
-.700
–. 835
~. %6

-. g
—. t
–. 708
-. am
-. .2m
-.095
-. Oao
-. Ma
-. Om
-: ~:

.Om

o
–. m5
-.616
-.610
-.610
-. w
-.076
-.7M
7825
-.085
-. an
-.135
-: ~ly

.Om

.040

.Om

o
-.410
-am
-.405
~:j?lJ

-.al K
-.276
-.295
-. w
-. =Y
-.146
-.!410
-, lm
-.Om

:%

o
-. mfi
-.715
-.820
–. 815
-. m
–. mo
–. m
-.180
–. la
–. 183
-. Io5
–. m
-.055
–. 050
–. 0L6

.066

TABLE IVC;-EXPERIMENTAL LOAD DATA

[NA13A @l16 E.octfonAngle of Attmk, ~--4°] ‘

I Station VaIucs of load parameter, P= PI–F’,, Cm’diflcrcntMach nurnbcrs

0.3CPI I o.4m I O.m [ O.w 0.025 0.651 o.8+- 0.702 0.720

I II I#c o.Om 0.765
\

kmz
I

o.MS
I

o.W

o
.md

:%
.160
.2M
.Zm
.330
.360
.4M
.450
.mo
.550
.LWO
. 7U0
.800
.900

-! 086
–L416
-L080
-.mo
-.om
–. 680
-.420
-.386
–. 385
–.alo
~. 240
–.100
-.170
-.100
–. 04s
–. 006

.
-! 760 -:780
-L240 -LM2
-L 13S –L 157
-.875 : ~;
–. 7241
–. f16 –. 588
-.423 .–.484
–. 410 –. 420
–. 860 –. an
-.316 -. X42
–.245 –. !2.37
–.200 -.218
–, 175 –. 169
–.085 -. cm
-. Om –. 089
–. 052 .025

–hi
–1.600
-L726
-LMO
–.7M
-.640
-.600
–. 460
–. Z&5
-.820
-.270
-.186
–. lm
–. ml
–. 040

.040

–!.025
–. 920
-. ma
-. m5
–. 040
–. 885
–. Luo
-. Om
–. 460
-.346
–. ma
-. 18a
-.Im
-.046
–. 015

.ms

o
-.840
-.725
-. 7m
-.71XI
-. i
-.%
-. am
-.476
:&&

-.125
-. GO
-.130
-. lW
-. m

.015

0
-. Goa
-. m
-.544
-.EQ
:.&9

-.405
-.zal
-.163
-: g

.CSl
-. ml
-. ma
-.019

.M9

o
-. Om
-. ale
-. 6%5
-ma
-. 4’/6
-.400
-.420
-. 4m
-, no
-.176

.m
,S16
.ala
:g

.mo

-!840
–1. 610
–1.050
– L 170
-.765
–.080
–. 525
-:480
-.405
–.840
–. 253
–. 186
–. 160
–. 0a5
-.040

.055

–: 705
-L61O
–L OM
–L3M
-.823
–. 680
–. 520
-.405
-.4m
–. W
--346
-. ma
-.145
–cm
-. ma

.006

-:000
– 1.615
-L 570
–L516
–1.300
–. 8m
–. 455
–. 416
–. 260
-.820
–.240
–, 193
-, lta
–. am
–. 085

.051

--!640
-1.410
- L 510
–1.470
–L30S
-L266
–.936
–. 486
–. 8M
–. .236
-. m
:::$

–. 076
-.016

.Odo

–~. 416
-1.276
–1.4m
– 1.870
–Lmo
-L 185
-L 100
-.734
-.4m
-.285
-.190
-.116
–. m
–.040

.Om

.mo

–!!ie5
–1.005
-1.1(!0
- L 145
-Llm
-1.020
–. Om
–.700
–. 530
–. w
-.2%0
–. 165
–. 005
–.020

.040

.050
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TABLE IVd.-E.XPERIMENT.AL LOAD DATA

[NACA m16 Sectfon &wle of Attack, q.+q

1
asa9 <

–; m3
–ml
–. m
—. ‘

–. Es6
–.5W
–. 4s3
–. S20
–. m
–. C96

.020

.070

.126

.176

.m

.201

=--t=-— ,

Values of lead parameter, P= Pr-P~ for dfEwent Mti ~m&rS

a4ca
1

-A-=-k O.is.l0.600 I asao 0.601

0
–2. ioo
–a 4m
–2.2a3
–1 ma
–L W
–.s50
–.090
–.orm
–. m
–.460
–. am
–. m
–. 225
–. lL5
–. a35

.046

a626

–: 510
–L Zao
–3. Ooo
–LE2JI
–LS40
–L I&O
–.790
–.6s6
–. m
–.405
–.316
–. 363
–. ml
–. 110
–. 025

.W3

ao62

–!ma
–2. 025
–L836
–L 733
–L655
–L2i5
–.WI
–. m
–. 510
–. w
–. m
–- 195
–. E41
—.m

-OIo
.046

0.623

–ho
–L7&l
–L 655
–L643
–L4S0
–L 125
~ ?&o

–. MO
–. 426
–. am
–.zal
–. 166
–. 0a5
o
.W

I

o
.026
.U’lo
. ml
.150
.!00
.260
.300

:!4%

:%
.550
.590
.icm
.Sm
.W1

–: 543
–z 0i3
–L6W
–L245
–. awl
–. 816
–.630
–.EJ3
–. am
–. 4a6
–. w
–. ao
–.250
–. la
–:g

o
–L 220
–L(!35
–LOU
–.m
–.W5
–.im
–.aw
–. 430
–. 330
–.m
–. !223
–. m
–. Ml
—. 140
–.116
–.0L5

o
–z m
–% m
–L&10
–LW5
–. 005
–.S33
–. m
–. Cd5
–.620
–.4433
–.365
—.MI
–.260
–. m
–.OWI

.Om

–: .s25 –1.full
–2 410 –3. 490
—L 740 –Li’65
–L 340 –L220
-L@55 –L IM
–.CIIO –. Pas
–. 760 –. 760
–.64 –.660
–.XIO –.=
–. 453 –.&-
–.275 –.WI
–. 2!30 –.3W
–.!335 –.345
–. 135 —.140
–.043 –.040

.043 .M5

o
–L~5
–L100
–L420
–L MO
-L210
–. 960
–. 775
–. m
–.mo
–. 422
–.335
–.X4
–.2M
–. Llo
–.mo

.010

0
–L 663
–L2.W
–1.2S0
–L220
-Llll
–. m
–. 730
–.5m
–.4s3
–.WI
–ala
–.2.36
–. Zlo
–. 125
–. 055
–. 010

–!432
–1. Z31
-L206
–L I(E
–L 030
–.s90
–. TM
–.5-IO
–..MO
–.zal
–. m
—.!2i0
–. 2!M
–. WJ
–. ILo
-. mo

o
–LOW
–. m
–. 946
–. Sio
–. 765
–.64!)
–. 505
~.

–: M
–. OW
–.m
:: g

—.143
–.m

TABLE IVe.—EXPERIMENTAL LOAD DATA

NACA m15 GacthnAI@ of Attack, q--Sq

matfon Vdnea of load pezuneter, P.PFP. for dIf?erent IWachnumbers

=-l=- O.eaz 0.629 0366 ]035-, O.ias aa17
-

–: 423
–L310
-L166
–L WI
–.U2Q
–. 7s3
~.

-. aoa
—. !m3
–. 21.O
-. w
–.nm
–. lso
–. 170
—. Ix

=--b- O.m 0J26

-!. 746
-L530
-L WI
-L 245
-L 105
–. Wo
–. WI
–.493
–. m
–. 393
–. 345
–. am
–. 305
–. Zm
–. 233
–. 115

–: &w
–L 6i0
–L 6ZI
–L 240
–L I!M
–. am
–. fiio
–. 540
–.4s0
-.400
–. 876
–. 640
-am
–. X3
–. la
–. (xKJ

o
.025
.a50
.m

2%
.Z31
.300
.630
.400
.450
.ml
. !fao
.Em

:E
.L7m

–: Ml
–’4 W-J
–2 115
–L @l
–L 820
–L 110
-. w
–. alo
–. 600
–. 6%3
–. 493
–. ml
–. a40
–. 235
–. m
–. am

-: as6
–3. M2
–2 300
–L 723
—L 2i6
–L 156
–. 943
–. am
–. 696
–. 695
–. 424
–. 397
–.340
–. Z12
–. w

.025

–i 025
-3. am
–ii 350
–L 745
–L 4M
–L Ml
–. m
–. W41
–. 706
–. m
–. 4s5
–..km
–. m
–. 190
–. m

-003

–!.9s5
–3. am
–2. 455
–L6i5
–Lam
–L 163
–. 935
–. m
–. 605
–- 6(KI
–. M
–. 3Q0
–.316
—.HO
–. O&l

.W

–km
–3. 406
–2. m
–L SS5
–Lacm
–L 110
–. 910
–. m
–. 652
–. 656
.440
–. 250
–. m
–. 150
–. 06a

.Wa

-L25
-&MO
–z W5
–3. 426
–L 4i0
–L W
–. W!
–. 735
–. 6L0
–. mo
–. m
–.316
–. m
–. 140
–. w

.mo

-:065
+& 835
–Z 63s
–3. %0
–L 610
–L I!M
–. 553
–. Em
–. 636
–. 4a5
–. MO
—.3i6
–. !z3a
–. 130
-.046

.W!l

o
—3.m
–2. aw
–22J30
–2. am
–L MO
–L MO
–. m
–. 665
–.345
–. 400
–.370
–. am
–. 240
–. MO
–. m
–. 025

–i 613
–2 m
–a am
–L 730
–L W
–LW
–. &lo
–. m
–. am
–.493
–. 3s3
–. 32a
–. m
–. 176
–. m
–. 03a

–: 3s5
-3. (WJ
–LS23
–1. ma
-L 240
–. m
–. 730
–. 626
–. 630
–. 492
–. 405
–. 366
–.aw
–. 2!UI
–. 140
–. 075

–: 523
–L 850
–L 640
–L4!M
–1. 165
–. m
–. 700
–. 690
–. m
–. &lo
–.405
–. a45
–.aoa
–. !iao
-.153
–. m

o
-L5i0
-L 346
-L2i0
–L 150
–L ~
–. all
–. 560
–. 430
–.m
–.336
-. m
–. 265
-.330
–. m
–. l!m
–. 12a

1

TABLE IVf.—EXPERIMENTAL LOAD DATA

NACA cW15Section@of Attack, q=–loq

IValues of Ioad parameter, P-PI–P., for dlfkent Mad numbersSte.tfon

=1=1=05s3 0.ss a.i940.3m

–: ma
–LiM
–L &-4
–L 196
–. 946
–. 745
-.620
–. 6@l
–.525
–. X5
–. 450
–. 430
–. 410
–. m
–. 303
–. m

–: w
–% !z13
–L&9J
–L465
–LIM
–. awl
—. ‘
–. z
–. ma
–. 566
–. 476
–. Ma
–. 403
–.32Q
–. 260
—.Ml

–: 3a3
–% 140
–L S13
–L 423
–L075
–.M6
–. no
.–. 626
~. 5i6
–. 54!3
–. 4SQ
–. 460
–. 416
–. 340
–. m
-. L5T

–: Ml
–L!MI
–L KE
–L a70
–L 025
–. m
–. 6a5
–. 666
–.520
-.610
–. 456
–. 42s
–. 41m
–. 391
–. Z!al
–. lsa

–: Mu
–L650
–L 424
-L 203
–. WI
—. ,
–.3
–. 455
–. 415

—. m
–. 343
–. 350
–. m
–. 340
–. m
–. 321

–!.730
–L 530
–L 396
-1. m
–L @3
–.s55
–. 533
-.440
–. am
–.3s0
–.315
–. m
–. 390
–. 250
.Zio
-.zla

-: 2s0
–% 290
–!3.42s
–L8i6
–L 595
–LW3
–L llo
–. 965
–.ms
–. am
–. ma
–. w
–. 420
-.250
–. 130
–. m

J.746
–3. 330
–% m
–L i@l
–La.za
–LOW1
–. S25
–. 740
–. E30
–. 650
–. 440
–. am
–. 226
–. 323
–. 140
–. 022

–!.m
–K cm
–a 2!XI
–L 705
–L!ZKI
–LO-ffI
–. WI
–. ma
–. 020
–. a50
–. m
–. WI
–. w
–. m
–. m
–. 0a5

o
.025

%

3%
.250
.W
.aa
.400
.460
.5M
.550
.6m
.m
.W
.930

I

S43107-6O-4O
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TABLE IVg.—EXPERIMENTAL LOAD DATA

[NAOAm16 SnettmrA@! ofAttrtck,q--in

Btaffon

tic

Vdum of load permneter, P-PI-P., h different MdI numhus

0.504 0.2s0 0.557 0.5M O.oail 0.ss5 I 0.002 / O.em o.m 0.743 0.771 Owl 0.852 I

o
.024
.050
.100
.150
.m

:E
.am
.4m
.450
.lKR1
.650
.Kkl
.700
.am
.Wo

4J ~g
–2. 130 -2.123
-L 700 -1. S23
-1.476 -L m
–1. 226 –1. 112
–1. Om -. w
-.870 -. n3
~. -. &w

-.402
–. m -.618
-.376 -.535
–.230 -.696
–. 130 -. m
-. W5 -.140

.-: Km
–2. ml
–L 7’82
-1.425
–1. 225
-L 090
–. 270
-. S50
-.755
-.675
-. w
-.476
–. 403
–. 310
–.ZM
-.105

-!.970
-1. ia)
-1,007
-1.470
-1.325
-1,160
-.950
-.810
-.740
-.022
-.616
-, lmo
-. Wb
-.040
-.410
-.437

0

~;

-L WI
-L ~
-1.030
-. w
-.776
–. Ooo
-. m
–. 5!ZI
-.400
-.410
-.320
-.266
-.140

-!540
-&m
-1. w
-1.475
-1.180
–1. 010
-.880
-. ?&l
-.Om
–. 020
-.650
-.495
-. 4%5
-.855
-. m
-.106

-!.zm
-z WI
-1. 8m
–1. 370
-L I!41
–. 9m
–. 850
–. m6
-.390
-.840
-,670
–. 510
–. 476
–. m
-.310
-. la

4°.lal
–2. 070
–L W
–L w
–L 125
–. 2&”
–. W2
–. ?tw
-.335
-. 3s5
–. 660
-.493
–. 455
–. 376
–. %6
-; 176

-:840
–2. ml
-L 850
–L 405
–L 226
–_: g

–. WI
-.723
-.645
–. 502
-.476
–. m
–. 323
-.230
-. Ml

.-:733
–2 w
-L 850
–L 4&l
-L 260
-L lCKI
–. m
–. 340
-.740
-. MO
-..540
–. Ma
-. soo
-.810
–. no
-.105

--1110
–L ?&l
-1.323
–L Ml
-.$30
-. MO
-.770
-.725
-. m5
-.640
-. m
-. 50s
–. 6251
-.450
-.640
-. 2M

-! !m
–1. 970
-L 580
–L300
-1.100
-, WI
-.alo
–. 716
-.640
-. m
–. 626
-. m
-.470
-.410
-.240
-.236

-:220
-Am
–L m
-L 415
-L m
:&6

:. ~

-.656
-.616
-. 42a
–. 470
-. m
-.670
-. mo

-: Oto
-1. iw
-1.490
-1.323
-- g

-a 750
-,040
-m
-. m
-, b15
-. b10
-. 4W
-. 4s
-. m
-. 3@3

TABLE Va..-EXPERIMENTAL LOAD DATA

NAOA 4415 EcctionAngie of Attack, %--O”]

0.302

/ Statlmr Valuesof laad Wame@r, P-P:-PW for ~went Maoh numbers

0.430 I
l—

O.b’m 0.029 0.M2
-

‘0.ml O.m 0.724 0.75Q-3!-.lO.m 0.554 0.7s3

-:. m) 1419
-2405 –2 782
–1. 293 -1.304

-.736 -.705
–. 372 -.374
-.102 -. MU

.013 .044

.117 .143

.187 .222

.2s0 .299

.344 .375

.2% .209

.Z7f .Zza

.275 .299

.233 .242

. 1s7 .130

. lW .154

-! 095
-1. w
-L 2a7
-, m
-,340
-: O&

:%1
. w
.499

%J

:Z
. 1!3)

-! Cc4
-1.330
-1. 25S
-.690
-.35s
-: ~

:%
.029
. 6!KI
.776
.795
.438
.2X!
.169
.154

0

:%
. lW
, Nil
.200
.250

:%%
.400
.4M
.tixi
.552
.m
.700
.800
.876
.W1

-i 941
–2 210
-L 190
–. w
7361
–: lg

.105

.170

.W4

.227

.242

.2.YJ

:x!
,180
.165

-:450
-a 955
–_: 3g

-.359
-.Om

.052

.100

.261

.326

:E
.229

:E

:%

-i 979
–2 578
-L 023
-.814
-.395
-.031

.070

.199

.276
;%

.352

.270

:%
.Z13
.199

–i 755 -i MS

;~. %%
-. So2

–. 446 –. 430
“-. 133 -.149

.034 .013

. lm .165

.230

.858 :%
.359

:E .376
.373 .S8f
.8s2 .376

.248
% .216
.199 .191

–: 279
–L 972
-. g:

-.872
-.025

.Om

:%
. 4(M

. .6W
. U6
.414
.W
.2a6
.218
.2(KI

-! m
-1.702
-1.390
-.245
-.875
-.262
-.119

.040

.103

.&n

.S33

.4W

. m

.W

;:

—:259

“3 E
–. 749
–. 420
–. 164

:!%
.2%5

,.
.%

:2

Z
:g

-!. 349
–L 754
-Lwm
-. twl
: ;$

;%

.404

.6W

.002

:%
.234
.178
.148

I

TABLE Vb.—EXPERIMENTAL LOAD DAT.4

(NACA4416 Seotion Angle of Attack q.-4~

Ststion

z/c
,.—

0
.025
.nm
.102
.150
;%

.800

.3m

. 4fKl

.4XI

.EX1

.5sl

.OaJ

.m

.m

.875
..900

Vaium of load parameterP-Pe-P. for tHrTeront?dech numke

0s31 I 0.401 I 0.4MI I 0.551 0.3680.0)1 0.627 0.051 0.077 0.701 O.ml 0.7S/

-! 730
–1. m
-1.100
-.775
-. 3a

:!%
.446
.&lo
.W6
.926

:%

x$

:%

0.787 0.823

.-!.INO
-1. m
~;.2&

-: m
-.370
-: g

.2f41
,410
.m

;:.

.2C0

.W6

. In

–!.110
-L5!XJ
-.330
-.WJ
-. (w)

.Im

:%
..316
.340
.329
.34b
.345
.810
. 2fo
.195
.!MI

-i !Mb
–-: &6

-. Stw
-.035

.146

..%5

.Wo

.336

.396

.3m

%!
.321
.24!0
.195
.170

-: 4m
-_: ~

–. 402
–. m

.159

.258

.241

.6s

.424

.393

.385

.335

.341

.270

. lca

.176

-h
-1. !310
-. W5
-.416
-.100

.176

;H

:Z
.m
.416
.416
.3eo
.270
.183
.183

–: 550
-2 Om
-L 040
-. 41b

.065

. ml

:%
.410
.435
.446
.4MI
.440
.375
.!ZQ
.2M
.130

–: 475
–z !Mo
–L WI
–.392
-.000

. ‘m

.340

.410

.455

.496

.400

.450

.425

.2$6

. !Bb

.!MJ

. lm

-i 810
-2100
-1.505
—.582
–. O.Xl

:g

. :%
.WJ
.435
.476
.805
.305
.!M.5
.210

-!i Im
–2 050
-L43S
–. 725
-.155

.240

.fo5

.435

.560

.bw

.5io

.5M

.m

.406

.316

.=5

. .W15

o
—!2Oztl
–L 910
–L~~
-. t
–: p9

.2+s5

.62)
;~

.2W

:%
.44b
.324
.ZM
.Sm

-! WI
-1.825
--: ~

-. m
:g

.alo

.705

.754

.365

.595

.W

.445

.336

.!ml

.2f6

o
F1.mo
-L640
-L !23.5
-.W
-. 5!0
-.135

.lwb

:%
..%6
.Om
.m
.Wo
.405
.2W
.176
,165

-!4h3
-l.&@
-L325
- L 110
-.955
-. 7M
-.030
-. 4W
-.875
-. m
-. m
-.140
-.m5

-: %
% 152
-.023
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TABLE VC.—EXPERIMENTAL LOAD DATA

NACA 4416!?eetfonA.n&4eofAttackq-–P)

VnIuesof load pwwm!er P=Pr-P= fw dhTerantMach mmberaStation

0.0% 0.062 O.wi 0.701 0.7560.554 0.72sX/c

0

:8%

:E
.m
.2!0
.Sm
.2.9)
.40
.4XI
.600
.5XI
.Oot
.700
.Slo
.m
.903

035 0.5U2 O.MI

-! 476
–L87S
–L 121
-.925
–.652
-.3M

.140

.555

1%
LIR6
. WI
.830
.461
.845
. IU3
.Ia

-! 103
–. m
-: ~

.!m

.m

.4S3

.934

.Em ,

.W

.41

.470

‘ %J

.210

. ml

o
-.310
–. 899
–. 616
-.189

..ml

.454

.499

.ml

.549

.W1

.mz

.4s3

::

. lm

. 16s

–!32s
-.924
–. W5

.0!23

.m

.48L

.m

.&a

.678

.EQ4

.s33

.9B

.4io

.. g

.169

–L-l–.W4
–.850

.02?

%?
.s4
. m

:&il
:m
.650
.515
.420
.300
. lW
.183

-! 401
–L W
-.454

:H
-w
.614.
. 65L
.657
.661
.mt
.m
.trJo
.549
.479
.8i0
.846

–!.491
–L MS
–. 510

.011

.342

:E
.mz
.Om

%
.s?
.525
.487
.m
. 1s1
.16E

–; m –: 540
–L 219 –L82E
–. m -.724
0 .La34
.?m .361
.630 .69-J
.m .m5

.s01
: -g .7is

.ms
:264 . em
.032 .614
.x .541
.440 .440
.221 .aw
. Isl .Is7
. MS .142

–!43
–La
–. m
–. In

.m

:E$
.9X
.WE
.Wll
.701
.Wa

:=
.200
.149
.129

–!430
–1.554
–. 0i8
–: ~

.m

i%
L131

$X%
.s45
.m
.395
.m
.176
.140

-:461
–L207
-1.0s1
–. 730
–.W41

.229

.666

.e)z

1:!3

k%%
.m
.411
.223
.124
.M7

-! 895
–L 311
–_~ g

–. ‘A
–. 539
–.4M
-. m
–. 161
–.M6
–. 051
–. m
-. Im
-.40s
–.440
-a
–.417

TABLE Vd.—EXPERIMENTAL LOAD DATA

[NAOA 4U6 Section4ngIeotAttack, q-m

Valnea of lad parameter,P-PI-PX for ditYerentMneh nnmhem .Station

Zfe 0.301 0.550 I owl ok 0.640 - O.oiz O.ma 0.730

1 1 h

0.7s4 0.819 I 0.s46 I0.767

–!.m
–.$s9
-. m
–. 666
–:%

.571

i%
LO=
.8i4
.7M
.581

g

.229

–!.144
–L 049
–.s46
-.676
-.623
–.3a3
–. 142

.m

.E40

.im

.772

.OW

.6%2

.M2

.262

.Zri’

.m

o
-L lSd
–L C&f
–. am
-. no
–. 672
-. 28s
–. 266
–. m
–. 026
–. ml
–. 070
–. 166
-. Z6a
–. 172

.042

. ml

.IM2

n n o
–.421
-. m

.223

.6n

::

.%24

.s2s

.821
:g

.5W

.493

:%?
.156

0
–. 475
–: ~

.624

. nu

.!?4s

.961

.W?4

.aos

.Sm

.749

:%
.4s2
.321
. 1s9
.141

0
–. m
–: g

. 6s2

.m
LO02
L025
.%0
.ml
.W
.755

:E

:%
.lso
.131

0
–. ml
-: %2

.490

.m
L 031
LEO
LIMI
.$W
.8s1
.750
.mz
.6ZI
.441
.8a
. la
.lzn

o
-.629
–.429

.O-to

.405

.mo
L 057
L 211
LbM
L640
L 242
. ml
.&u
.m
.W1
.317
.M9
.W7

o
–. m
–. Ml
–.CSO

.366

.m

. ‘w
LIMl
L 810
L402
L3@
L 261
.773
.IW

:%
. 16s
.125

0
–. Wm
–. nl
–. WI

.OW

..531

i=
L2M
L21!3
L800
L 195
.QoE
.W3
.4G9
..2W
-135
.IoE

–!@xl
–.s66
–. 642
–.2’M

.420

.7$0

ig
L X35
L040
LO02
.ms
.54
. W
.242
.177
.lm

o
.026
.Oa
.100
. ml

:=
:%

.4W

.4S3

.am

.6S3

:%
.s0)
.S7K
.m

o
–. m
-. OSI

.286

:2
.7W
:=

.6s2

.M4

.640

.Is6

. w

.449

.329

.217

.181

–. 820
–. L18

.2M

.4m

%#

.756

.726

.m

.666

.8W

. 65s

.4s2

.336

–. 365
–. 145

.24

.640

.701
A&

.S37

.s01

.7s5

.710

:%
-40s
.2A
.196
.Iso

.212

.170

TABLE Ve.—EXPERIMENTAL LOAD DATA

NACA 4415 Wtion AngleofAttack, q=~

StatIon Palnes of Ioad parameter, P-PI-P., for dIEerent Mach numbem

0.431 I 0.601
—, —

0.661 0.602 0.627 0349 Om

I 1 I t

024sic

o
.025
.050
.Im

:E
:%
.s50
.400

:2
:=
.7CBI
.Fm
.876
.ml

Oaol O.m 0.734 0.S17

o
.66s
.6-45

i%
.950
.$%5

:%
.890
.&m

: -%
.eim
.620
.3m
.235
.Xlo

~.
.665
.635
.m
.W5

i=
L020
.970
.W1
.870
.760
.n6
.646
.m
.Zao

.:%

o
.653
.656

i%
LIZ6
LlS6
L li6
Ll!2Q
LOiO
.m
.Sio
.iso
.m5

:E
.240
.230

0
.655
.m

J%
L160

i%
L 136
L076
.970
.S6a
.m
.im

:%
.196
.Ie2

o
.495
.560
.&m

;E
LWI

W
LIZ5
.mo
.W1
.m
.695
.mo
.235
.246
.255

0
.340
.3m
.740

;%

L6ZI
LK15

k%
.800
.766
.e&l
.5M
.810
. Ii6
.240

0
.165
.210
.m

iZ

W
L595
L550
L540
L660
.mo
.551
.415
.Zm
.163
.231

0
-.024

.IY15

.280
. . .

.%
L196
L 355
L4@l
L465
L 410
L 240
.s90
.6W
.2$5
.240
.155
.140

0
–. !285
–: $

.600

.m6
L076
L 210
L28S
L2S0
L 810
L 125
.565
;g

.Zm

.Z15

. leo

o
–. 475
–. 465
–:J&

.620

.010
L050
L120
LOW
L 016
.N!a
.715
.203
.466
.24
.2n6
.=

o
–. Ow
-. ml
-.410
—.140

.255

. 7.!43

:!%
LIXnl
.945
.816
.6m
.Im5
.465
.WI
.s45
.810

0
-.075
–. O!M
–.610
–. 365
–. 150

.126

.650

.Sio

.955

.W1

.s85

:%
.4m

:E
.W

o
–. ‘m-J
-.696
–. 665
–. 4m
–. 270
–. Ioo

.020

. ml

.230

.492

.M6

.602

.665

.m

:%
.845
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TABLE Vf.—EXPERIMENTAL LOAD DATA

NACA 4116 Sertion Angie of Attack, q=4”1

station VaIoee of load porametw, P-PI-F’., for different .Machnumbws

-i
0.8440.!!4 IM61 I _=T==0.302 I 0.401 I 0.501 0.81SZlc

:- I
o
0

.Om

. m

.026

. 87a
L Oio
L 126
L la5
1.o1o
.875
.7S5
.RIO
.W
.6a6
.460
.390
.6SS

o
-. lW
-.150

.006
.2SQ
.676
.Wa

i%

:%
.676
. aio
.KJ2
.62a
.4m
.445
..403

0
-. WI
-. 24TI
.: I&

.aaa

.7a6

.910
,s36
.ms
.326
.710
.645
.Om
.las
.400
:g

o
.026
.054
. m
. lM
.nm
.250
.MO
.Mk)
.406
.M41
.&Xl
.660

:E

:%
.m

o
L430
1.465
L 470
L 615
L646
1506
L 4HI
L W3
L 196
1.120
.W
.Ea6

:%

:%

o
p#

. 1:515
L m
1.RW

:: E
L 416
1.130
1.116
.976
.W5
.776
.m
.370
.Xa
.170

0
.835

~: g

1:685
L 7S2
L 740
1.74.6
L 7G3
L306
LLW
.770
.626
.423

:%
.162

0
. 3XI
.470
.760
.’JJ6

;:%!
1.320
1.2S6
L!M6
1:g

. ?70

.655

.495

.aaa

.285

.26a

o
.166
.246
.623

1:2
1.2m
1.233

;%
.s56
All
.730
.WI
.aa.l
.405
.330
.330

TABLE Vg.—EXPERIMENTAL LOAD DATA

[NAOA4416&c+Ion Angle of Attorir, q-tl”]

Station

Zic 0.321 1 0.41M I o-ml

Va@a of lmd parameter, P- PI-P,, for dfRercnI W numtwm

0.650 CL601 I O.w 0.664 O.aao0.73$

n“ o
.337
.3s1

L 028
1.267
L442
1.w
L W
1277
L 0G7
.Q44
.856
.778
.7CRJ
.680
.4i8
.3a9
.663

0 0
.4X .224
. 4s1 . .310
.1175 .616

.761
1:% ,w,
1.17s Lfnl)
L 162 l:%
1.033
.S76 .7M
.732 .711
.no
.m ;g
.&Xl
.KK1 .ml

.5(B
:%
.4!a3 :%

o
.ma
.020
.*
.6it
.762
,llm
.mo
.081
.m
.Tm
.704
.6!3
.07s

:%
.492
.406

0
-.010
-.011

.129

.325

.a67

.W

1:%

!%%

i:%!
.W
.7543
.7U9
.070
.Om

o
.026
.060
.102
.150
.m
.260
.303
.WJ
.4W
.460
.W1
.660
.600
.7W
:=

.SW

o“ o
233s 232f
::: 2244

!2070
1:7!36 L saa
L 639 L 376
L62JI L 7s2
L 639 L089
1.am L467
L 246 L206
L 109 L236
1.Om LW4
.919 .S49
.819 .S36
.019 ; ~6
.307

.193
:% .163

0
2217
2211
am
21?4
2a5e
L 986
LWl
1.W
L 360
L 267
1.0s7
.Sia

:Wo
.Wa
.191
.16s

o
1.W4
1.021
1.746
L 918
2041
L 976
1.976
L&W
1.m
L 111
.ml
.76s
.046
.45s
.&w
.221
.133

o“

;: E
1.478
L 840
1.819
1.770
1.761
1.013
1.28s
1.044
.879
.745
.044
.4WI
.255
.!ZW
.22S

o
.601
AJf

L07’J

;$

1:g

.826

.767

.722

.070

.S31

.625

.432

.8W
-

TABLE Vh.—EXPERIMENTAL LOAD DATA

[NACA MM Section Angle of Attackj a,=8”l

,--
Values of Ioad ~meter, P- PI–P., for dfHerontMaclI numtwmStation

oiw

o
.367
.37Q

L on
1.201
L 204
L 170
l.om
.ai~
.K19
. 74!6
.7u -
.736
,741
.U6
.026
*W
%22

Z/c

o
,026
.060
. lm
. lm
.230
.2s0
.3m
.362
. m
.4$0
.6CQ
.660
.Om
.7W
.30U
.876
.Sm

0.201

0
8.040
2.721
2 an
: o~

L 816
L 621
L 46Q
L 349
L249
L OXI
.Wa
.340
.610
.264
.202
. Ml

0.4CQ

o
a.2as
2..596
2360
2130
L flm
L 873
1.066
1.517
L w
L 235
1:g

:%
.%1
;=

owl
-
0
8. W
9. am
; ~.

226s
2. 0S6
LW7
L 014
L441
L320
L126
.971
.8@a
. aio
. alo
.243
.072

0.626 0.661 Oim 0.W4 0.630

o“

H%
22%
2 MI
2119
2.039
~.

L 169
L 038
; 918
.m
.7-M

;4:

.347

0.860

0

:%
L 8S8
L W
L 938
L 8S!3
L 540
L 320
1.163
L 044
.Q&l
.m
.803
; 02:

~~

—..

0.6?3

0
L 44s
L 4i8
L 001
Low
L720
L042
L 6i6
L 218
l.g

.918

.340

.W9

.661

.am

.4s6

.441

o.7f2

o
L 22s
1.264
1.34a
L 5fo
L 6iU
L630
L 20-5
1.021

:Rl

:E
.852
.671
.6%3

:%

0.741

0
LOIS

;%

i 404
1.a76
L 163
;%

;pu

.764

. 71!4

.661

.692

.648

.600

-=i--=-
0
2 sefi
2.99(I
2.764
!2,469
2.23b
2064
1.m

i=
L!&i”
L IQ5
.060
.326
.m
;~-

. lfll

o
2@lo
2918
2375
2742
.2.611
:::

iikw
1.32s
L 239
1:~

.a32

.524

.22.9.=.

.106

0
2.6s7
2.640
2670
2710
2696
2.563”
a 2s5
16S4
12SS
1.166
LOOO
.890
;7E8

:%
.!ia
.18E

ho
2260
22!M
2.3f$3
23ZU
2.227
1.S!ZQ
L561
:%

:W
.387
.746
.623
.388

:%2

o 0
.Ixa .Mll
,71a

:E
I:K .3$s
L 146
[:% R

;.;~
:=

:E38
.m
.ma :%3
.7.fo .:62
.748 .im
.6d2 .606
g .Ko

.6tKl
.KJO .619
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TABLE Vi.-EXPERI3IENTM LOAD DATA

[NACA 4415 Seetbn A@e .f Attnek, q=lOll

713

-.

—.
Statkm
— -

Z/e
—.

Val iof Iood pamrnetm, P- PI-P., fOr~e~nt ~1* n~~

Oa.n
0.502 02353 O.fm o.i14 a74a O.nt! asm

0.ss2 0.605 0.637

0
2269
Zaoo
!L2m
22M
2m9
L7T0

.ig
L2M
LL64
LM4
.m
.s9
.720
.m
.49i
.440

0.401 6.52s

a
a5m
am
:X&

%233
Lm
L739
L 651
L346
L H7
;-~

.820

.423

.239

.Z30

.Zm

0.55L0.301

0
L 191
L209
L.mo
L392
L4S2
L 224
.M5
.852
.815
.7$3
.im
.776
.:=
.716
.686
.700
.627

0
LC@3
L060
L 164
L 2i5
L 318
L=
L m
.924
.360
:=

.mo

.am

.759

.743

.Z?L

.SiL

o
. 9L3

i=
L L69
L!XS
L S3
L463
L asi
Lm
1.219
L 144

:!%
.C89
.052
.946
.Sa9

o
L623
L~
L910
LS70
L767
L4S5
L240
L 156
L 100
L646
L @la
.Qi7
-ma
.mi
.Sa4!
.691
.627

0
La
L 563
L667
LM2
LK@
L!X3
L 019
.332
.$25
.Sm

g

.740

.7L5

.(7s

.m

o
L363
L363
L469
L@
1.4!m
L 243
.m
.9b
.mo
.361
.339
.8L3
.Sal
.140
.075
.679
.660

0
3.KS
3.2m
3.2LL
2.990
2.929
%326
L7L9
L444
L251
L 091
.9Z0
.7311

:%

.mo

.222

0
%M-!4
LSsa
%336
2676
2.449
2.cri9
L631
L4L6
L230
L6M
.9a9
.82a
.i!al
.635
.421

:R

o
!21m
ZSn
%680
a455
3.255
L 9L6
L6M
L32i
L 166
LM9
.926
.84s

:%
.494
am?
.846

0
.624
.Iml
. m
.156
.236
.2M
.3m
.333
.$m
.450
.5m
.650
.6M
.im
;=

.W1

o
3.663
a.zia
5L6M
2.m9
2.689
L w
L 742
L 667
LW!
L2M
L w
.Wo

:%
. all
.2LL
.176

0
a.%.?
2.345
2.i6L
22s9
2L33
2.016
L =1
LM4
L 4L3
L2S3
LOW
.042

::~
.316
.217
.165

0
Llioz
& ial
am9
%6s5

:E
LM3
L 691
L3&5
L205
:%

:~

.252

.2&3

.242

TABLE Vj.—EXT’ERIMENTAL LOAD DATA

[NACA 4415 SectionAr@eof Attack, q=w]

Station

Zic
0.6620.656 ‘10.404 I L749 I 0.773 am9a7m0.5W

0
Lam
L335
1.450
L4m
L466

M

H%
.990
.965
.mo
-925
.m5

.$%

.730

0 I
ZL20 ~
2.140
!LOR5
L 916
LW5
L=
L 146
LL05
L m
LOM
.M5
.m
.915
.850
.im
.W1
.E40

o
LWI
L 9L0
LQ06
LiTO
L3S5
LL26
LG141
Lm5
.Wo
.W
.t?a
.965
.s75
.320
.im
.6M
.am

o
Li66
1.726
L776
L 6i0

?E
.990
.955
.W30
.9X
.=
.Sio
.a45
.im
.750
.675
-MO

o
L656
L560
L6!Zl
L6M
L506
LLM
L@l
.980
.943
.026
.910
.Wnl

:E
.785
.705
.mo

o
8.145
3.140
Z926
Z5M
!kIMl
L706
L 435
L8M
L 176
L050
.900
.m5
.W
.m5
.m
.495
.4XI

o 0
2-895 ‘zam
%.sio 2.726 .
2.eol 2475
2.4m %Zm
L 955 L&m
L m!! LWI
L4M L4L6
L366 L326
L!45J L2M
LL35 1.Ho
L066 LL05
.m5 LM5
.E20 .mo
.ml .E35
.675 .no
.836 .6L0
.m .E@3

o
%3io
2.2s5
2.273
!zms
L6i5
“L445
LMO
L230
LES
L 130
LOS5
LM6
.Uio
.803
.im
.m5
.335

0

%4
ao12
2.49i
2256
2.040
Li62
1.We
1.273
I:&

.705

.633

.48s

.412

.345

.313

0 0
42m a.am
4.MS :%
S.6L3
2.332 3:325
X 2L6 !zLm
z o13 L S40
L&X! LM3
L4L4 L3i0
L 144 1.176
.= .9s6
. im .SL5
.6L6 .m
.656 .em
.4iY .430
.42S .U5
.352 .365
.a24 .246

0
a.463
&416
3.L90
%893
2.245
La
L526
L346
L lm
LM5
.Eal
.im
.6%
.670
.4i5

:%

o
.02s
.093
. Iwl
. la-l
.!WI
.ml

, :X
.493
.m
.E4m
.WJ
.7m
.XQ
.Sr6
.mo -

TABLE Vk.-EXPERIhIENTQ LOAD DATA

Stntion

X/c OAcU
0A6L 6.%2 6X46ama a6e3 0J5i

6559 6m6 0.611

~oao
z.=
XMS
:%

iam
L 2S1
L=
1.E&
LL07
I. 040
LW
.956
.mo
.ma
.(!H
.66L

0.5cs

o
4514
Lw
Km
X227
2.ML
LS94
LML
L(!S6

:=

.701

.669
A2;

.481

.44a

a620

o
3.SW
am
3.a19
2.333
L fm
LtlM
L357
L ITS
LIMO
.ms
.s29
.n5
.727
.m

:ij

o
%Zzl
z24a
%066
L13M
L246
L lW
L lm
LM9

;%
.M2
.m4
.m
.EW
.3?S
.746
.es

o
!2.0L6
:&

LW
L2E41
L 16S
Lam
L071
L 042
L.0!33

:%
.WI
-ml
.834
.754
.6s0

o
L=
L=
Li85
L646
L237
L 146
LM9
LO.16
1.010

:E
.903
;W&

.SS3

.747

.74L

o
X732
2.6s3
Z333
L~
1.425
L2M
L226
1.L85
L 144
L mL
Lm2
LOL3
.Q66
.S3L
:~

.672

0
X 617
%6S3
!l.ZaL
Lh30
LMQ
L2iQ
LM5
LLM
L 102

kg
.ma
.M4
;g

J33L
.599

0
z a96
%379
2145
1.6U6
1.X.5
L 195
L 138
L 107
L 073
L(W2
L m5
.9s5
.X6
-S93
.aM
.Om
.645

0
3.m
3.405
!aM3
2.116
L703
L*
L289
LIM
L M2
L w
.W9
.m2
.652
.’ml
.653
.M1
.492

h: 1?.

La
L6L6
L446
L315
L225
L L49
LM-4
LM5
.056
.9YI
.Tf6
.M9
.572
.6L6

o
.0%
.050
.100
. m
.2)0
.260
.am
.333
.4m
.456
.!!m

i%
.m

:!%
.Wo

o
4499
a. ma
l.m
: :iJ

L.S14
L 514
L %14
1.OL3
.6L0
.7M
.Om
.629
.602
.5L0
.441
.4m

.



714 REPORT NO. 89 2—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TABLE V1.—EXPERIMENTAL LOAD DATA

IJTACA 441b kttOU Arute of Attack, a@6°]

VaIU&tikad ~mster, P-Pt-P., for dIfforsnt Mach numk.ersStalion

o.babZIG 0.301 aatw a 607 0.559

1
a 040 &w

o
2.781 :029
z 406 ; kg
1.773
L 364 LM1
L220
1.278 H%
L 214 L2W
L 149 1.298
L 100 L 162

1.1(W
H% LOW
LCV4 L 015
.949 .s%
.873 .805
.nb .778
.07b .670
.593 .002

0.092

0
.025
.060
.106
.lbo
.260
.260
.200
.860
,4W
.450
.6(M
.536
.Om
. 7MJ
.6JI0
.876
.9m

Lw
427b
2. E32
2, an
L973
L 613
1:g

.810
“.7&3
.72Q
.b76
.8+36
.6=
.IIM
.459
.465

0
4.218
8.W8

;E
::3

L 188
1:g

.885

.841

.814

.m

.ma
;~

.512

!. 818
:::

L927
1.064
L 391
L=
L 125
l..

.924

.678

. 8ZI

.731

.059

.662

.491

: 3W
& 076
2..

“kg

L240
1.180
L 116
L 047
A&

.879

.790

.09i

. m

.529

0
1.100
2.W i%
2.050 L 837
L mt LM4
L480
L677 k%
L 261 L2SI
L 218 1.210
L lb9 1.149
LOW L@
~ gt LW6

L 010
.430 .650
.Sa7
.729 ;=
.esb
.561 .640.

TABLE VI.—NACA 6&216 (u=O.5) – TABLE VH.-NACA 66,2-215 (~= 0.6)

[6tstbrrsmdordiustsagfvcn fn psrccntof sfrfoll chard]

Upper SrLrfS@ I Lower Surf?lm

[Stations and Ordinata EhII h -t of airbfl chord]

Lowsi’ Surfoos IUppl?r Surfeco

mitrmte Station =x--l I Ststlon

.
Ststlon Ordfnato I St8tlon I Ordf)mto

I l“”
d
.620

i%
!L6W
5.214

1:%
I& 217
&;%

ad u
amsa

2%?
49.924
b4.8f4
Ea w
04642
69.8B
i% 872
79. 90Q
W.9S1
89.931
W 987

m. m

o
.a70
.W

;E
km
7.276
9. n4

14.78a
19.ma
24 &36
!49.871
84.912
’39.95a
45.OW
W.076
M. 131
~]%

m. 147
7b.127
m. ml
u. Ce9
96.029
96.012

100.060

0
-:047
-L 251
-L f.47
-2.067
–279i
-3.239
-2.822
-4552
-5. OPb
-b. Slo
-b. 78S
–b. 962
–6. 012-

%3
–6.a2a
-4634
-L 256
-3. m
–2. 916
-2. 20s
–L 497 !
-.826

.p84

“o
.879
.616

L 101
_ 1.229

?E
;~ g

19.ala
!MM2
2a.S71
34904
a9.no
4A%’Q

2E

“ E::
70.186
m. 170
8a 129
S&m
w 057

lR E

E.: 0.116
1.

~11 rndfus l.aW. Slops of rodIus tbro~h L. E.: 0.110I L. E. rsdins: 1.505. slops,

TABLE VIII.—NACA 0015 TABLE IX.—NACA 23015

[Stattons snd ordfnata givm In porcsnt of
drfofI chord]

TABLE X.—NACA 4415

lWSucmSmd *tcs skn fn pwcnt o
afrfoll chord]

[Statfons rmd Oi’dinatm gfvon
fn Wreant ot atrfofl chord]

UK&&
I

Lovrer
8UIf8C0

Mst!onI Station Ordtnata UP r
YSurm

Lovmr
mlrfweI station

o
2.367
3..21is
&#

t El
: ~7

?:6)2
7.234
6.W
5.m4
.Lmo
&279
l.slo .’

j%)

o

1%
M

lo.lM
15.62
!m.03
M.(k)
W @l
4a Csl

%%
70.m
KI.02

KM
lm. m
lm. 00

0 0
8.s4” -L 54
4.44 -% 26
&39 -3.04
6.91 -a.61
7.64

-484
k: -k 41
9.63 -6.78
9.05 -5.$0
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