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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

EFFECTS OF TWIST AND CAMBER ON THE LOW-SPEED
LONGITUDINAL STABILITY CHARACTERISTICS OF A 45° SWEPTBACK
WING OF ASPECT RATIO 8 AT REYNOLDS NUMBERS FROM 1.5 x 106
T0 4.8 x 106 AS DETERMINED BY PRESSURE DISTRIBUTIONS,
FORCE TESTS, AND CALCULATIONS

By George L. Pratt
SUMMARY

The low-speed longitudinal stability characterlstics of a U5° swept-
back wing of aspect ratio 8 having twist and cembered alrfoil sections
were investigated by means of force and pressure-distribution measure-

ments at Reynolds numbers from 1.5 X 106 to k.8 x 106 in the Langley
19-foot pressure tunnel. The effects of Reynolds number, leading-edge
roughness, upper-surface fences, and leading-edge and trailing-edge
flaps have been determined. The results obtained on the twisted and
cambered wing have been compared with the results obtained on a similar
untwisted wing having symmetrical airfoil sections of the same thickness
distribution. The experimental pressure-distribution loadings have been
compared to calculated loadings.

A comparison of the twisted and cambered wing with the untwlsted
and uncambered wing indicates that the camber and twist improved the
stability characteristics in the lift-coefficient range from 0.25 to 0.7.
Twist and camber increased the maximum 1ift coefficient from 1.01 to 1.30
at angles of attack of 20° and 27°, respectively. Upper-surface fences
substantlally improved the stebility characteristics of both wings by
improving the stalling characteristics of the outboard sections of the
wing. The twisted and cambered wing in conJunctiorn with the upper-
surface fences, however, had considerably better stability character-
istics at maximum 1ift. This improvement in stabllity has been shown
(NACA RM 152J03) to be particularly effective when a properly located
horizontal tall 1s used in conjunction with fences on the twlsted and
cambered. wing.

The load distributions calculated by the Multhopp solutions having
either 15 or 23 spanwise control points were in good agreement with the
experimental load distributions. |
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INTRODUCTION

In order to provide information with which to evaluate sweptback
wings for use on long-range hilgh-speed alrplanes, the low-speed longi-~
tudinal stability characteristics of two 450 sweptback wings of aspect
ratio 8 have been investigated in the Langley 19-foot pressure tunnel.
The first wing incorporated NACA 631A012 alrfoil sections and no geo~
metric twist; whereas the second wing incorporated twist and camber to
provide & uniform chordwise loading and sn elliptical span loading at
a lift coefficient of 0.7 for a Mach number of 0.9. The results of the
investigation of the untwisted and uncambered wing are presented in
references 1 to 3 while the longitudlinel characterilstics of the twilsted
and cambered wing as determined from force tests are presented in refer-
ences 4 snd 5. The present psper. includes the results of pressure-
distribution measurements on the twisted and cambered wing to determine
in more detail. than 1s available from force tests the effects of Reynolds
number, leading-edge roughness, upper-surface fences, and leading-edge
and trailing-edge flaps. A comparison 1ls made between the results
obtained on the twisted and cambered wing and the results obtalned on
the untwisted and uncambered wlng.

The spanwise load distributions caslculated by methods {refs. 6
and 7) of determining the loading of sweptback wings have been compared
with the loadings obtained from the pressure distributions.

The majority of the tests were made at a Reynolds number of 4.0 X 106
and a Mach number of 0.19. The effects of Reynolds number were obtained

from force tests at Reynolds numbers from 1.5 X 106 to 4.8 x 106 on the
plain twisted and cembered wing. Pressure distrlbutions were obtained

at Reynolds numbers of 1.5 X 100 and 4.0 x 106 on the twisted and
cambered wing. ) '

SYMBOLS

The data are referred to the wind axes with the origin at the pro-
Jjection of the quarter-chord point of the mean aerodynamic chord on the
Plane of symmetry. The force and pressure-distribution data have been
reduced to nondimensional coefficlent form as follows:

L
c 1ift coefficient, ——
L ’ aSy
cy section 1lift coefficient
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1 (2/¢) pax

c, = cos(a + e)f (8u - 81)a(%) - sin(a + ¢) (8r - Sr)a(Z)

o] "‘(Z/c)max
S section 1ift coefficlent due to stream misalinement
c1y section design 1ift coefficient (camber)
czm section lift-curve slope
C dr coefficlent D
)] ag » .
cq section pressure drag coefficient

1 (2/¢)pax

cqg = sin(a + e)f (Su - Sz)d(%) + cos(a + €) (Sr - Sf)d(%)

0 '(Z/c)m_a_x
Cm pitching-moment coefficlent, Eé%ET
Cmo pitching-moment coefficient at zero 1ift
Cm sectlion pitching-moment coefficient about local quarter-chord

point
1 (z/¢)max
x\5/X z Z
f (8a - 82)(0-25 - F)a(3) + sz - 80)F Z)
0 -(2/¢)pax

L 1ift, 1b
D drag, 1b
M pitching moment sbout 0.25c¢!, ft-1b
H free-stream total pressure, 1b/sq ft
Sy wing area (based on untwisted plan form), sq £t
S pressure coefficient; E-»p

A
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1
Reynolds number, Ve

free-stresm veloclty, ft/sec

angle of attack of root-chord line, deg

angle of attack at zero 1ift, deg

section angle of attack due to stream missalinement, deg

angle of twist measured with respect to root-chord line,
washout is minus, deg

density of ailr, slugs/cu £t
coefficient of viscosity, slugs/ft-sec
mean line

wing span, £t

local wing chord parallel to plane of symmetry, ft
2 bv/2
mean aerodynamic chord, §; cedy, i
0]

ft

mean chord, %?,

local static pressure, Ib/sq 't

dynamlc pressure, %QVE, 1b/sq £t

local sectlon maximum thickness, £t

distance along section chord line measured from local leading
edge parallel to plane of symmetry (rearward positive), £t

location of section chordwise center of pressure measured from
section gquarter-chord point (rearward positive), ft

lateral distance from plsne of symmetry measured perpendicular
to plane of symmetry, ft
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z vertical ordinate of alrfoll section measured from and perpen-
dicular to chord line (positive wp), £t

Zeo vertical ordinste of mean camber line measured from and
perpendicular to chord line (positive up), £t

NI

location of section vertical center of pressure measured
perpendicular to chord line (positive up), £t

¥ lateral distance measured from and perpendiculer to plane of
symmetry to wlng center of pressure, ft

dCr,/da wing lift-curve slope

de/da rate of change of pitching moment with angle of attack
*

de/dCL rate of change of plitching moment with 1ift coefficient

Subscripts:

u upper surface

1 lower surface

il forward of meximum thickness
r regrvard of maximm thickness

Terminoclogy

In the discussion that follows, the wing without twilst and camber
will be referred to as the plane wing; whereas the usasge of the word
"plain" refers to elther wing without high-1ift and stall-control devices
deflected.

MODEL AND APPARATUS

The model had sn aspect ratio of 8.02, a taper ratio of 0.45, and
459 sweepback of the quarter-chord line before incorporating twist about
the 0.80c 1line (fig. 1). The airfoll sections parallel to the plsne of
symmetry were of the NACA 631A012 thickness distribution about a slightly

modified NACA =2 = 1.0 mean line having the desired design section 1ift
coefficient (camber). Filgure 2 presents the spanwise distribution of
twist and design 1ift coefficlient incorporated into the wing. The sec~
tilon mean camber line was obtained by multiplying the deslgn 1ift
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coefficlient by the ordinates of the camber line for a deslgn 1ift coef-
ficient of 1.0 (table I). Additional detsils of the design of the wing
mey be found in reference k.

The model was constructed of a steel core covered with approxi-
mately a 1/8-inch layer of an alloy of bismuth and tin. The left semi-
span of the model was equipped with 215 orifilices flush with the surface
of the wing distributed chordwise on the upper and lower surface at
elght spanwise stations as indicated in figure 1. Table II presents
the airfoil ordinastes at the various orifice locations. The +tubing
from the orifices was conducted through the bismuth and tin layer and.
brought out on the lower surface of the right-hand wing panel approxi-
mately 20 percent of the semispan out from the wing root. The tubes
were then conducted rearward through a pipe fixed to the wing parallel
to the plane of symmetry and then down through a falring to the outside
of the tunnel to multitube manometers. The pressures on the lower sur-
face at station 2y/b = 0.03 and x/c equal 0.35 and 0.65 were meas-
ured by means of a static-pressure survey tube located about 0.00kc
from the wing surface. The pressures indicated in the manometers were
simultaneously recorded photographically. The tube-conducting pipe was
replaced by a fiush cover plate for the Torce tests.

Figures 3 and 4 present photogrephs of the model as installed in
the wind tunnel for force and pressure-distribution tests, respectively.

The upper-surface fences were installed as indicated in figure 5.
The fences were constructed of 1/16-inch-thick sheet steel and were
attached to the model parallel to the plane of symmetry. The attach-
ment brackets were made as small as was feasible to minimize thelr
interference with the alr stream.

The trailing-edge flaps were split flaps having a chord equal to
20 percent of the local wing chord in the undeflected position and were
deflected  52° from the local chord line parallel to the plane of sym-
metry. The trailing-edge flaps extended over the inboard semispan of
the wing with the 80-percent-chord line as the hinge axis.

The leadling-edge flaps had a span equal to O.h5b/2 extending from
0.525b/2 to 0.975b/2. The flaps were deflected 47.5° from the plane
formed by the root-chord line and the twist axils of the wing (80-percent-
chord line). Further details of the flaps msy be found in figure 5.
Although it is not shown in figure 5, pressure orifices were distributed
on both leading- snd trailling-edge flaps along lines parallel to the alr
stream and at spanwise stations corresponding to the orifice statlons on
the plain wing.

Leading-edge roughness consisted of No. 60 (0.0ll-inch-diameter)
carborundum grains applied to a thin coating of shellac on 0.08 chord
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of the leading edge of the wing measured along the periphery of the

. upper and lower surfaces.

TESTS

The model was tested in the Langley 19-foot pressure tunnel with
the alr compressed to spproximately 33 pounds per square inch absolute
pressure. Lift, drag, and pitching-moment dste were obtained from force
tests and pressure distributions through an sngle-of-attack range from
-3.59 t0 31° based on the angle of attack of the root-chord line. The
Torce tests on the plain wing were conducted through a Reynolds number
range with a corresponding Mach number range as follows:

Reynolds number Mach number
1.5 x 106 0.07
2.2 11
3.0 .14
k.o .19
4.8 .25

Pressure-distribution data were obtalned at Reynolds numbers of
1.5 X 106 and k.0 X 106 on the plalin wing and at a Reynolds number of

.o x lO6 for the configurations having fences, flaps, and leading-edge
roughness.

CORRECTIONS TO DATA

The 1ift, drag, and pitching-moment data obtained by force tests
have been corrected for the model support tare and Interference effects.
The angle of attack and the drag and pitchlng-moment coefficients
obtained from the force and pressure-distribution measurements have
been corrected for jet-boundary effects as applied to the untwisted arnd
uncambered wing in reference 1 and are se follow:

Ao = 0.39Ct,

2
ACp = 0.0063Cy,
AC, = 0.0035C,
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As pointed out 1n reference 1, there was a spanwise varistion of
the alr-stream flow angle in the region occupied by the model which
produced the equivaelent of a basic loading along the span of the model.
Since the model of reference 1 had symmetricasl sectlons, it was possible
to obtain the magnitude of this alr-stream misalinement by assuming the
insccuracies of model construction to be small. For the model of these
tests, the basic loading contributed by the camber and twist prohibited
the isolation of the basic loading due to air-stream angle. To account
in part for this spanwise variation of alr stream, the section 11ft and.
pitching-moment data have been corrected by using the spanwise variation
in alr-stream angle obtalned by tunnel survey with the model removed
(fig. 6). (The method of obtaining the values of air-stream angle is -
discussed in ref. 1.) The basic 1ift distribution was obtailned by
multiplying these angles by the slopes of the sectlion 1ift curves
obtalned from the pressure measurements and is presented in figure 6.
These values of basic loading were subtracted at all angles of attack
from the 1ift coefficient obtained by the integration of the chordwise
pressure-distribution data. No attempt was made to correct the indi-
vidual pressure coefficients for alir-stream variations.

No corrections were applied to take 1nto account spenwise vari-
ations of the Jjet-boundary-induced angle or the model twist due to aero-
dynamic loading.

PRESENTATION OF DATA

Pressure-coefficient data obtained on the plein twisted and cambered

wing through the angle-of-attack range at a Reynolds number of 4.0 X 106
are tabulated in table ITI. Figures 7 and 8 present the force dsata
obtalned on the plain wing through the Reynolds number range and on the

wing with fences end wing with roughness at a Reynolds number of 4.0 X 106.
Chordwise pressure distributions are presented in figure 9 for a repre-
sentative number of angles of attack for the plain wing, wing with fences,
and wing with leading-edge roughness. An omitted symbol indicates that
data are not available for the configuration at that particular angle of
gttack. Figures 10 to 13 present the sectlon 1ift, pitching-moment, and
drag coefficients and centers of pressure obitained from the integrated
chordwise pressure data for the plain wing, wing with fences, and wing
with roughness. The stalling charscteristics of the wing may be evalu-
ated from the tuft studies presented in figure 14, Figure 15 presents

the spanwise distribution of 1ift, pitching-moment, and drag loading
parameters for the plain wing through the angle-of-attack range at a

Reynolds number of 4.0 X 106. The spanwise distribution of 1lift at a

Reynolds number of L.0 X 106 and 1.5 X 106 for the wing with fences and
wing with roughness for several representative angles of attack are
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compared In figure 16 whereas Figure 17 presents the varistion of the
sparnwise center of pressure with angle of attack. A comparison of the
force and pressure-distribution resulits obtalned on the twisted and
cambered wing with the results obtained on a wing having s similar plan
form with untwisted, symmetrical sections (ref. 1) is presented in fig-
ures 18 and 19. The effect of flaps and upper-surface fences on the

two wings is presented in figures 20 to 23. A comparison of the experi-
mental span loadings wilth the loadings calculsted by the methods of
Weisséinger and Multhopp (refs. 6 and 7) 1s presented in figures 24

to 26.

TWISTED AND CAMBERED WING

Lift and Piltching-Moment Characteristics

Plain wing (R = 4.0 x 106) .- The results of the force tests on the
twisted and cambered wing (fig. 7) show that the wing longitudinal sta-
bllity and lift-curve slope were nearly constant up to a 1lift coefficient
of approximately 0.7 and a corresponding sngle of attack of 10°. With a
further increase in angle of atitack, the pitching moment became unstable
and the 1ift increased gt a much lower ¥ate. The section 1lift datsa
(£ig. 10) obtalned from the integration of the pressure distributions
indicate that thils loss of stebllity and lower lift-curve slope is a
result of a loss in 1ift effectlveness over the midsemispan of the wing
which chordwise pressure distributions (figs. 9(i) to 9(n)) indicate to
be a result of trailing-edge separaiion occurring on the midsemispan
sections of the wing and which spread outboard and forward with further
increases In angle of attack. The statlons near the wing root have only
e slight decrease in lift-curve slope through the angle-of-attack range.

The contribution of the various sectlions to the total wing pitching
moment is indicated in figure 11(c) which presents the section pitching-

cc

The contribution of the outboard sections to the stebilizing (negative)
pitching moment decreases sharply above a 1lift coefficient of 0.8 while
the destabilizing (positive) plitching-moment contribution of the inboard
sections increases at a greater rate with increase of 1ift coefficient.
Actually these trends may be attributed to the fact that the wing 1lift-
curve slope is reduced ghove Cr, = 0.8 and this reduction is reflected
in any plots against wing 1ift coefficient. When the pltchlng-moment
loading parameter is plotted against angle of attack (fig. 12(b)), how-
ever, the contribution of the inboard statlons to the wing pltching
moment increases at an approximately constant rate throughout the angle-
of-attack range. Thus, it can be seen that the adverse pitching-moment

2
moment loading parameter (cmca 'S_:) plotted agalnst wing 1ift coefficlent.
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characteristics of the wing are wholly due to changes over the tlp
sections of the wing and the resulting redistribution of load. That
these adverse effects are due primerily to a loss in 1ift effectlveness
is further borne out by figure 11(b) which indicates that the section
pitching-moment coefficients about the local sectlon gquarter-chord point
were almost elways negative (stabilizing). The large movement of the
section chordwise centers of pressure indicated in figure 11(b) and in
figure 13(a) can be shown to have only a smell effect on the contri-
bution of the section to the wing pitching moment. Similarly, the move-
ment of the section vertlcal centers of pressure (fig. 13(b)) has little
effect on stability. (The discontinuities in the center-of-pressure
curves occur in the region of zero force where the centers of pressure
tend toward infinite values.)

At maximum 1ift (Cr, = 1.30) the pitching moment broke in a stable

direction which resulted from a sudden increase in 1ift over the tip
sections of the wing and a loss inbosard at 2y/b = 0.30 s&as shown by
the sectilon 1ift curves (fig. 10). The chordwise pressure-distribution
plots of figure 9 (see figs. 9(k) to 9(n)) indicate these 1ift changes
to result from a broadening of the pressure distribution over the rear
part of the tlp sections at the high angles of attack.

Effect of Reynolds number.- The effects of Reynolds number on the
over-all wing-1ift and pitching-~-moment characteristlcs are indicated in
the force and pressure-~distribution results presented 1n figures 7, 9,
10, and 12. At negative values of wing 1ift coefficlent, the force and
pressure-distribution data indicate that separation occurs on the out-
board lower surface of the wing and 1s perticularly predominant at the

lower Reynolds mumber (1.5 X 106). The separation from the lower sur-
face can be attributed to the large amount of camber and twist incorpo-
rated into the wing. Two~dimensional tests of an NACA 6h-series section
having 0.8 camber (ref. 8) indicate similar effects of flow separation
occurring on the lower surface at low angles of attack.

In the low posltive 1ift range, (Cr, = O to 0.3) the force-test

results indicate that the lower Reynolds number (1.5 X 106) resulted
in increased longitudinal stability over that obtained at a Reynolds

number of 4.0 x 106. The chordwise pressure distributions (fig. 9)
indicate these effects to be a result of slightly higher upper-surface
pressure coefficlents over the outboard stations at the low Reynolds
nunber et low and moderate angles of attack which results in a greater
1ift effectiveness on the outboard stations of the wing (fig. 10). As
was the case at the negative 11ft coefficlents, these effects appear to
be a continued effect of the large amount of camber in conjunction with
the twist inasmuch as no such effects were noted in the tests of an
uncambered asnd untwisted wing of similar plan form (ref. 1).
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An increase in Reynolds number resulted in more nearly linear
pitching-moment curves through the low and moderate 1ift range to
approximately Cr, = 0.7 (fig. 7). Above Cr, = 0.7, the stalling char-
acteristics of the wing were so adverse that little significant Improve-
ment in the stability with an increase in Reynolds number can be noted.

At the highest force-test Reynolds number (4.8 x 106), there is an
indication that a further slight gaein in maximum 1ift might possibly be
obtained by extending the angle of attack or increasing the Reymolds
number. At the higher angles of attack, the chordwise pressure distri-
butions (figs. 9(1) to 9(n)) show pesk pressures remaining on the out-

board leading edge of the wing at @& Reynolds number of 4.0 X 106 and,

at a Reynolds number of 1.5 X 106, completely separated flow occurring
over the outboard sectlons. In the angle-of-attack range in which the
adverse 1lift and pitching-moment characteristics occur, the chordwise
pressure diagrams (figs. 9(g) to 9(k)) indicate little significant dif-
ference in the pressure gradients at the two test Reynolds numbers

(1.5 x 105 and 4.0 x 106). It appears open to considerasble conjecture
from the available data, therefore, whether a further Increase in
Reynolds number would or would not result in a substantial improvement
in the 1lift and plitching-moment characteristics.

Effect of leading-edge roughness.- The force tests of the wing at

a Reynolds number of 4.0 X 1067with roughness added to the leading edge
indicate an appreciable effect of roughness on the 1ift and pitching-
moment characteristics (fig. 8). With roughness the wing has a reduced
lift-curve slope above a 1lift coefficient of 0.3, considerable variation
in stability in the low 1lift range, an unstable bresk in the pitching-
moment curve occurring at Cp = 0.5 as compared to C;, = 0.7 for the

smooth wing, and a decrease in msximum 1ift coefficjient from 1.30 to
1.18. The section 1ift curves presented in figure 10 indicate that the
effects of roughness result primerily from 1lift changes over the out-
board stations. The inboard stations showed little effect of roughness
on the sectlon characteristics up to an angle of attack of approxi-
mately 22°. At higher angles of attack, roughness caused an  increase
in 1ift on the inboard stations (2y/b = 0 and 2y/b = 0.3) which the
chordwise distributions show to be a result of the broadening of the
pressure distribution over the rear part of the section (figs. 9(m)

and 9(n)). At the high angles of attack and at negative angles of
attack, the chordwise pressure distribution obtained on the wing with

roughness at & Reynolds number of 4.0 X 106 is similsr to the pressure
distributions obtained at the same angles of attack on the smocoth wing

at the low Reynolds nmumber (1.5 x 106).

Effect of fences.- Force tests of the wing wlth various stall-
control devices which were presented in reference 4 show that, as in
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the case of the untwisted and uncambered wing (ref. 2), very appreci-
able improvements in the 1ift and pitching-moment characteristics could
be obtalned by installing chordwise fences on the upper surface of the
wing (see fig. 5). Force-test results of the twisted and cambered wing
with fences located at 0.45, 0.70, and O.89b/2 are presented in filg-

ure 8. Pressure distributions obtained with this fence arrangement

show considersble improvement in the chordwise loading over the outboard
stations of the twlsted and cambered wing st angles of attack above the
angle at which the first indlication of trailling-edge separation on the
upper surface sppears on the plain wing (figs. 9(h) to 9(n}). The
improved chordwise loading reduced the movement of the centers of pres-
sure of the outboard sections throughout the moderate and upper angle-
of-attack range (fig. 13(a)) and extended the section 1lift curves up to
maximum 1ift of the wing (fig. 10). The smaller improvement at 0.90b/2
relative to that obtalned at the other outboard stations can probably
be attributed to & localized effect of the fence at 0.89b/2 on the pres-
sure coefficient on both the upper and lower surfaces of the wing at

0.90b/2 (see figs. 9(j) to 9(n)).

Drag Characterlstics

The section drag characteristics of the twisted and cambered wing
(fig. 11(d)) were obtained from the integration of the pressure distri-
butlons and do not include the drag forces due to frictional forces.
The date of figure 11(d) indicate the rapid increase in pressure drag
over the root sections with an increase 1n 1ift which appears to be
characteristic of sweptback wings (e.g., ref. 1). This drag is offset
somevhat by forward thrust produced over the tip sections throughout a
conslderable portion of the 1lift range. At the outermost tip statlon
(0.96b/2) for instance, a thrust force 1s msintained from a wing 1ift
coefficient of approximstely 0.15 to approximately 1.08. This range
extends from the angle of attack at which separation from the lower
surface is eliminsted (approx. a = 1.7°) to an angle of attack of 22°
which is well beyond the angle of 10° at which the wing 1lift and
pitching moment are first affected by traliling-edge separation. The
reduction of suction pressures over the rear pert of the section due to
the trailing-edge separstion would be expected to be beneficiel from a
pressure-drag standpoint. A comparison of the chordwise pressure dis-
tributions (figs. 9(g) to 9(n)) with the pressure-drag curves (fig. 11{d))
indicates thet it is not uwntil the trailing-edge separation has moved
forward of the point of meximum thickness (0.40x/c) thet the pressure
drag becomes positive over the tip sections. On the root sections, the
lack of peak suction pressures over the forward part of the section and
large suctlon pressures over the rear part of the section contribute to
the large values of pressure drag. The forward inclination of the sec-
tion normal-force vectors due to the wing twist is also a large contrib-
utlng factor to the low pressure-drag forces over the tip stations as -
conpared to those at the root.
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Stalling Cheracteristics

Plain wing.- The spread of trailing-edge separation outward over the
tip stations, as previously indicated, apparently effects the spanwise
pressure gradient and produces the beneficial effect on the chordwise
pressure-distribution gradient at the 0.10b/2 and 0.30b/2 stetions. This
resulted in an apprecisble improvement in 1ift over station 2y/b = 0.30
(fig. 10) after the initial tendency of the 1ift curve at that station
to level off in a manner similar to the outboard stations. At en angle
of attack of 220, there was a small localized bubble defined by the
pressure diagram near the trailing edge of the 0.30b/2 station which
remained until the angle of attack of maximum wing 1ift had been reached
(figs. 9(kx) and 9(2)). At the highest angles of attack attained (31.1°),
the region of trailing-edge separation had moved forwerd to near the
leading edge on the outboard stations. Peak pressures remain near the
leading edge of the highest angle of attack, however, over the outboard
stations but there was a complete breskdown of the pressure diagram over
the section at Ey/b = (0.30. In order to evaluate the direction of tufts
in terms of the stalling characteristics of the wing, a line indicating
the extent of . trailing-edge separation as indicated by approximately zero
pressure gradlent in the chordwise pressure distribution Is superposed
on the stall diagrams of figure 1k.

At the high angles of attack, the pressure data do not indicate
separated flow inboard of the 0.30h/2 station although the tufis appear
to indicate separation on the basls of the preceding concept. The
resistance of the inboard stations to stalling can be attributed to the
outward dreinage of the boundary-layer alr from the Ilnbosrd sections
which turns the tufts parallel to the long axis of the wing but prevents
separation from occurring. The houndary lsyer flows outward along the
span of the wing which results in a premature thickened boundary layer
and probably hastens the onset of trailing-edge separation on the out-
board sections. On the basis of the results presented in figure 14, it
would appear that although tuft studies are a useful aid in interpreting
the stalling characteristics of a sweptback wing, a knowledge of the flow
characteristics of the sweptback wing is necessary to prevent misinter-
pretation of tuft motion. -

The initlal occurrence of stalling on the midsemispan stations and
the spread outboard and forward with an increase in angle of attack is
evident in figure 1kh.

Effect of fences.- The effect of fences on the stalling of the wing
as indicated by the pressure distributions cen be seen in figure 9. The
outward and forward spread of the area of separsted Tlow was delayed to
a considerably higher angle of attack on the stations outboard of the
fences. There was little significant change in the pressure distribu-
tion over the stations located irnboard of the fences (O to 0.30b/2)

e——e
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throughout the angle-of-attack range and over the outboard stations at
angles of attack less than 11.9°.

The fences interfere with the outward drainage of the boundary-
layer alr delaying the bulld-up of a thickened boundary layer and thereby
preventing esarly separation from the rear part of the outbozrd sections.
In addition, the sectlions outboard of a fence probably benefilt from the
spenwilse drainage of the boundary-layer air in a manner similar to that
obtained in the root sections. The bulld-up of the boundary layer on the
Inboard side of a fence eventually results in stalling inboard of the
fence as indicated by tuft studies (ref. 4) and pressure-distribution
measurements (as indicated for the wing of ref. 1). The net effect of
the fences on the stability of the wing, therefore, appears to result
from a balance of the forces resulting from the improved 1lift character-
istlcs outboard of the fences and stalling inboard of the fences. These
effects would appear Lo relate the number and location of fences on the
wing by which benefits would be obtained (see ref. 4).

The values of section 1lift coefficlent obtained on the inboard
stations of the plain wing and all the statlions on the wing with fences
are considerably higher than might be expected from adjusting two- _
dimensional maximum-1ift characteristics by simple sweep concepts. The
three-dimensional effects of sweepback which include a large spanwlise
varlatlon in the chordwise locations of the section centers of pressure .
at a particular engle of attack (see figs. 13(a) and 26) make it improb-
able that any of the sections of the wlng are concurrently acting as two- _
dimensional sectlons except in coilincidental instances. A comparison of *
the experimental-1ift characteristics on a sweptback wing with those
estimated from two-dimensional data is presented in reference 9 and indi-
cates experimental maximum section 1ift coefficients considerably higher
than the estimated values over a large part of the span. The analysis
presented in reference 9, however, makes it difficult to account for the
benefits derived from the Installation of fences on the wing discussed
in the present report.

Loadlng Characteristics

The loss in 1ift loading over the tip sections of the plain wing
and the effect on the pitching moment above angles of attack of 9.9°
can be seen in figures 15(a) and 15(b). The attendant inboard movement
of the spanwise center of pressure with the loss in tip loading is indi-
cated in figure 17. The low values of pressure drag over the tip sta-
tlons up to angles of attack well beyond the angle at which adverse 1lift
and pltching-moment characteristics occur and the rapid Increase of drag
over the Inboard stations 1s indicated in figure l5(c). The large
improvement in the loading distributlon at engles of attack above 9.9°
with the fences installed can be seen in figure 16. Figure 17 shows that

JN -

¥
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there was very little movement of the spanwise centers of pressure
through the upper 1ift range with the fences installed. The large
effect of Reynolds number on the tip sections has a considerable effect
on the loading distribution at the lower angles (fig. 16).

EFFECT OF CAMBER AND TWIST

Plain wing.- In figures 18, 19, and 21 the 1ift, drag, and
pitching-moment characteristics of the plain twisted and cambered wing
as determined from force and pressure-distribution measurements are com-
pared with the corresponding results obtained on the plane wing (ref. 1).
The force-test results (fig. 18) show that in the low 1lift range, the
lift-curve slope and the location of the serodynamic center (slope of
pitching-moment curve) were approximately the sasme for both wings. This
would be expected for wings of similsr plasn form in unseparated flow in
this 1ift range. - Camber and twist would be expected to result merely in
a change in oy and Cmo' At a moderaste 1ift coefficient (approx. 0.30),
the 1ift and pitching-moment curves began to diverge due to the different
stalling characteristics of the two wings and showed little similarity
at higher 1ift coefficients. As pointed out in the section on stalling
characteristics of the twisted and cambered wing, stalllng began over
the midsemispan of the wing and spread outward and forward; whereas
stalling begen on the plane wing over the rear psrt of the tip sections
and spread inboard and forward. The section 1lift curves of figure 19
indicate that the loss in 1ift effectiveness over the ocubtboard stations
of the plane wing began at an approximately 4° lower sngle of attack
than for the twisted and cambered wing. The section 1ift curves slso
indicate that the initial stalling affected a larger part of the twisted
and cambered wing and, when it occurred, the changes In wing 1ift and
pitching-moment curves were accordingly abrupt in comparison with the
changes that occurred on the plane wing.

The force tests show that camber and twist resulted in en increase
in maximum 1ift from 1.0l for the plane wing to 1.30 for the twisted
and cambered wing at angles of attack of 20° and 27°, respectively.

The section 1i1ft curves indicate, however, that although considerable
camber was incorporated into the twisted and cambered wing, the stalling
characteristics were such that there was 1little increase in section mexi-
mum 1ift coefficient on the outboard stations over that obtalined on the
plane wing. There appears to be no correlation indicated between the
section maximum 1ift coefficients and the maximum 1ift coefficient of

the wing. From the erratic varistion of section 1ift coefficient over
the outboard statlons at angles of attack eabove that at which the sec-
tion initially reached a maximum, 1t appears that it would be extremely
difficult to predict any maximum-1ift characteristics of these wings.
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The force-test drag curves (fig. 18(b)) indicate that incorpo-
rating camber and twist into the sweptback wing increased the minimum
drag coefficient appreciably but that, at the low Mach number of these
tests, the drag was significantly reduced through the upper lift range.
Inasmuch as a wing of thls plan form 1s designed primarily for high-
speed flight, any conclusions as to the effectiveness of twist and
camber in improving asircraft performance must necessarily await tests
at high speed. j .

Effect of fences.- The effect of twist and cember with fences
instelled on the wing can be seen from a compariscn of the force-test
results presented in filgure 20. Upper-surfece fences substantially
improved the stability characteristics of both the twisted and cambered
end the plane wings. Pressure distributions indicate the improved sta-
billity to be s result of Improved stalling characteristice on the out-
board stations of the wing (see section on stalling characteristics and
ref. 1). In reference 4 it was shown that although the fences did not
completely eliminate the instability of the twisted and cambered wing
throughout the 1ift range, satisfactory stability could be obtalned at
maximum 1ift with several of the fence arrangements Investigated. None
of the fence arrangements tested on the plane wing (ref. 2) resulted in
satisfactory stablility at maximum 1lift. It appears, therefore, that .
fences in combination with twist and camber may result in substantial
improvements in the low-speed stegbility characteristics of high-aspect-
ratio sweptback wings having trailing-edge-type separation. The effec-
tlveness of the twisted and cambered wing with fences installed is fur-
ther Indiceted in reference 5 where the effects of a horizontal taill on
the stability characteristics of the two wings are presented.

Effect of flaps.- The 1ift, pitching-moment, and lift-distribution
characteristics of the plane wing and the twisted and cambered wing with
flaps and fences installed are compared in figures 21 to 23. Equal
spans of leading-edge flaps and split-type trailing-edge flaps were
Installed on both wings and the fences were placed st the same spanwise
locatlons. The twist and camber distribution prevented identical flap
deflections belng obtained on both wings; however, the differences In
flap deflection are small and additlonal geometric details of the flaps
and fences installed on the plesne wing are presented in reference 2 and
on the twisted and cambered wing in figure 5. It should be pointed out
that the flap spans and fence locations are not necessarily the optimum
for either wing. ~More detalled investigations of the effects of flaps
and fences on the two wings are presented in references 2 and L,

The force-test data with flaps and fences installed (fig. 21) when
compared with the data for the wings without flaps or fences (fig. 18)
indicate that the increment in 1ift due to the flaps 1s slightly greater
for the flaps on the plane wing than for the flaps on the twisted and
cambered wing. The flaps and fences on the plane wing resulted in an
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increment of maximum 1ift coefficient of 0.28 as compared to an incre-
ment of 0.18 on the twisted and cambered wing. At zero angle of attack,
the increments of 1ift due to the flaps and fences were O.41 and 0.37
for the plane wing and the twisted and cambered wing, respectively.

The section lift datae for the two wings with flaps and fences sre
presented in figure 22. The sectlon lift-curve slopes are little
affected by the twist and camber or the flaps and fences in the lower
angle-of-attack range. The increment of section 1ift coefficient over
the inbosrd stations, which is principally affected by the trailing-edge
flaps, is slightly greater for the flaps on the twlsted and cambered
wing. On the outhoard stations, which are primarily affected by the
leading-edge flaps, there is very little increment of 1ift due to the
flaps and fences on the twisted and cambered wing which may be due to
the lsrge amount of camber incorporated in this wing. The leading-edge
flaps on the plane wing produce a slight increment of sectlon 1lift coef-
ficient on the outboard stations. The increased effectlveness of the
tralling-edge flaps and the decreased effectiveness of the leading-edge
flaps on the section 1ift data on the twisted and cambered wing as com-
pared to the effectiveness of the flaps on the plane wing can also be
attributed partlally to the differences in flap deflection on the two
wings. L _

The varistions in stability were greater throughout the 1lift range
with the flaps deflected on the twisted and cambered wing (fig. 21).
In the low 1lift range, the varistion of stability on the twisted and
cambered wing mey be attributed to stalling from the lower surface of
the leading-edge flap on the outboard statlons; whereas the Instability
that occurred st high 1ift coefficients, as lndicated from figure 22
and unpublished chordwise pressure distributlons, resulted from flow
separation over the ocutboard sections of the wing.

A comparison of the span-load distributions at several angles of
attack for the two wings with flaps and fences is made in figure 23,
The data have been faired to give lntegrated values of 1ift coefficient
approximetely equal to the force-test 1lift coefficients obtained at the
same angle of attack with the assistance of tuft studies to indicate the
stalled areas. The data have then been reduced to a unit loading coef-
ficlent for comparison. At the low angle of attack there is a consid-
erable difference 1n loading due to the flaps and the twist and camber.
The differences in loading decrease with angle of attack and at maximum
1ift the spanwise distribution of the loading is slmost ldentical.
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COMPARTISON OF EXPERIMENTAL AND CALCULATED LOADIKGS

Methods of Solution

In reference 10 the experimentel losding on the plane wing is com-
rared with loadings calculated by several methods of solution of loadings
on sweptback wings. In figures 24 and 26 the loadings calculated by the
methods of Welssinger (as presented in ref. 6) and Multhopp (ref. T)
including the effects of .twist and camber are compared with the experi-
mental loadings obtained on the twisted and cambered wing. The method
of identifying the sclutions set up in reference 10 will be used when
referring to specific solutions. For exsmple, the Multhopp 15 X 2 solu-
tion refers to a Multhopp solution having two chordwise control points
at each of 15 stations distributed along the span of the wing.

Theoretically, the loading on a twlsted and cambered wing may be
considered to be made up of a basic louding and an additional loading.
The additional loading varies only with angle of sttack and is the
loading obtained on s wing having noc twist. The basic losding is
independent of angle of attack and corresponds to the zero-lift loading
(CL = 0) on a twisted wing and on a wing in which the camber varies from

root to tip. The algebraic sum of the basic loadlng and the additional
loading 1s the total locading. A wing having a constant amount of cam-
ber and no twist along the span can be considered as having asn addi-
tional type of loading with a shift in angle of zerc 1ift which may be
considered to be the slope of the sectlion camber line at some specified
chordwise locstion. For the solutions having one chordwise control
point this chordwlse location 1is taken to be at the 3/4 chord point
Inasmuch as both the Welssinger solution and the Multhopp solution
having one chordwise control point measure the downwash at the 3/h-chord
point. For wings having a spanwise variation in camber such as the wing
of this Investlgation, the variation of slope of the camber line slong
the 3/4%-chord line can be combimed with the geometric twist to give an
effective twist distribution.

In the Multhopp 15 X 2 solution, the chordwise control points are
taken at 0.90L45c and 0.3455c. The slope of the camber line at these
chordwlse points 1s used in obtaining the effective twist on the twisted
and cambered wing. -

The loadings calculated by the Welssinger 7T X 1 solution and the
Multhopp 15 X 1, 15 X 2, and 23 X 1 solutions are compared with the
experimental results cbtalned on the twisted end cambered wing and on
the plane wing In figure 24. The experimental data are presented for
an angle of attack of 4.7° for both wings and at an angle of attack of
-0.7° for the twisted and cambered wing. At an angle of attack of L.T7°
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there 1s no indicetion of flow separation on either wing. At an angle
of attack of -0.7°9, which corresponds to the angle of attack at zero
1lift of the wing, there is an indication of flow separation from the
lower surface of the outermost wing stations of the twisted and cam-
bered wing (fig. 9(c)). This lower surface separation causes a change
in section lift-curve slope at the two outermost stations in the angle-
of-attack range being considered in the calculations (see fig. 10).

Reference 10 has shown that the Multhopp solutione most accurately
predict the shape of the span-loading curve on the plane wing. The
excellent agreement between experiment and calculation by the Multhopp
solutions may be seen by the comparison with the plane wing data pre-
sented in figure 24. The three Multhopp solutions {15 X 1, 15 X 2,
and 23 X 1) gave practically identical loadings on the plane wing at the
1lift coefficient presented. The inaccuracy of the Weissinger T X 1 solu-
tion in predicting the span loading on the plane wing has been shown in
reference 10 to result from the low number of spanwise control points.
When the number of spanwise control points was increased to 15, the
Welssinger method gave results comparable to those of the Multhopp
solutions.

Basic Loading

The baslic loading due to the spanwise distribution of twist and
camber calculsted by the methods having one chordwise control point at
0.75¢c (Weissinger 7 X 1 and Multhopp 15 X 1 and 23 X 1) are in good
agreement (fig. 24). The small difference between the Weissinger and
Multhopp solutions appears to result from the use of the interpolastion
function presented in reference 6 for obtaining additional values
between the known values of the Weilsslinger solution.

The use of two chordwise control points slters the basic loading
significantly from that obtained by the use of one chordwise control
point in the Multhopp solutions. This gpparently is a result of the
addition of & higher-order sine term in the chordwise losdling in the
15 X 2 solution which accounts for the camber of the section more
accurately than the lower-order assumed loading of the solutions having
one chordwise control point (ref. T). The net effect of the Multhopp
15 X 2 solution on the basic loading of the twisted and cambered wing
appears, from figure 24, to be equivalent to a reduction in effective
twist as compared to the solutions having one chordwise control point.

The agreement between the calculated basic loadings and the experi-
mental zero-1ift loading is very good over & major portion of the span
of the twisted and cambered wing, although nesr the root stations, the
calculated values for all methods of solution overestimate the loading
while at the 0.965/2 station the calculated loading underestimates the
experimental value. ) .
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Total Loading

At a 1ift coefficient of 0.34, the combined additionmal and basic’
loadings result in good agreement with the experimental data obtalned
on the twisted and cambered wing. Although the Multhopp solutions show
somewhat better agreement with experiment than the Weissinger solution,
all the methods slightly underestimate the loading over the inboard
stations and overestimate the loading over the outboard stations.

The effectiveness of the Multhopp methods in predicting the addi-
tional loading on both wings cen be seen In figure 25. The experimental
section lift-curve slopes are taken through the linear portion of the -
angle-of-attack range where no“separation exists on the wing. The good
agreement between the experimental lift-curve slopes for the plane wing
and the twisted and cambered ‘wing further substantiates the. premise on
which the calculated methods are based that additional loading is a
function of plan form and varies-only with angle of attack.

COMPARISON OF CALCULATED AND EXPERIMENTAL WING COEFFICIENTS

The values of the wing lift-curve slope, serodynamic-center loca-
tion, angle of attack at zero 1lift, and pltching-moment coefficient at
zero .1ift calculated by the various methods are tabulated in the
following table: '

Experiment Calculated twisted and
cembered wing

Parameter Multh Weissl

Plane | Twisted and OPP eissinger

wing |cambered wing 15 x 1|15 x 2|23 x 1 7% 1
dcp/de . . .} 0.069 0.067 0.065] 0.066| 0.064|  0.0620
ag, deg . . 0 -0.7 -0.30} -0.79| 0,50 0.20
dCp/acCr, . .|-0.085 -0.087 -0.070| -0.063|-0.082 -0.113
Cmg = » = -« 0 0.019 0.119| 0.018| 0.116 0.116

The Multhopp 15 X 2 sclution predicts the wing characteristics much
betier than the solutions heving one chordwise control point. The
values of lift-curve slope, angle of attack at zero lift, and pitching-
moment coefficient at zero 1lift calculated by the Multhopp 15 X 2 method
are all in very good agreement with the experimental results. The angle
of attack at zero 1ift and the pliching-moment coefficient at zero 1lift
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in particular are predicted considerably closer by the Multhopp

15 X 2 solutlon. The agreement of the Multhopp 15 X 2 solution with
experiment can be attributed to the use of two chordwise control points
which accounts for the camber of the sections much more accurately than
the solutions having one chordwise control point. The angle of attack
at zero 1ift and the pitching-moment coefficient at zero 1lift of an
airfoll section are both determined by canmber.

The pitching-moment coefficients at zero 1ift computed by the
methods having one chordwise control point vary appreciebly from the
experimental results. The experimental data in figure 13 show the sec-
tlon centers of pressure to be considergbly behind the local quarter-
chord point. Good agreement was obtained between the experimental wing
?oefficé§nts and ‘the values calculated by the Multhopp 15 X 2 solution

fig. 26). .

CONCLUDING REMARKS

The following remarks may be made in conclusion of an investi-
gation to determine the low-speed longitudinal stebility characteris-
tics of a 45° sweptback wing of aspect ratio 8 having twist and cam-
bered airfoil sections:

1. A comparison of the twisted and cambered wing with the plane
wing Indicates that camber and twist Improved the stabllity character-
istics in the lift-coefficlient range from 0.25 to 0.7.

2. Twist and camber increased the maximum 1ift coefficient from
1.01 to 1.30 at angles of attack of approximetely 20° and 27°,
respectively.

3. Upper-surface fences substantially improved the stebility char-
acteristics of both wings by improving the stalling characteristics of
the outboasrd sections of the wing. The twisted and cambered wing in
conjunction with the fences, however, had considersbly better stability
charscteristics at maximum 1ift.

4. Twist and camber resulted in initial stalling occurring in the
form of trailing-edge separation on the midsemispan sections of the
wing at a 1ift coefficient of approximstely O0.7. The area of stalled
flow spread outward and forwzrd with further incresse in 1ift
coefficient.

5. B8imilar spans of leading-edge and trailing-edge flaps and fence
locations resulted in less deslrable stability characteristics on the
twisted and cambered wing than on the plane wing. The optimum span of
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leading- and trailing-edge flaps, however, were not established durlng
the course of the investigation.

6. The loadings calculated by the Multhopp solutions having 15
or. 23 spanwise control points are in good agreement with the experi-
mental results where po separation exists on the wing.

T. Leading-edge roughness had an adverse effect on the lifting
characteristics of the outboard sections of the twisted and cambered
wing which resulted in a lower wing lift-curve slope above a 1ift
coefficient of approximately 0.3 and large varistlons in stabilility
throughout the 1ift range. :

Langley Aeronauticsl Laboratory,
Nationsl Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I.- WING CAMEBR-LINE ORDINATES POR A DESION SEGTION
LIFT CCEFFICIENT OF 1.0.

All values are given ir percent of chord

x/c z/c%* x/c z/c*
Lo 5.310

5 .262 I .
75 .522 Eg Eh%
1.2§ 5 5.372
2.5 .991 5.2I0
5.0 1. 32 6 E.oza
F.5 2.25 T <1533
10 2.751 h.gza
%g E 96 3881
.070 8 3.257
2 L. 9 2.450
3 L. 95 1.522

%5 5.132 100 5}

B ea oL L 20,

(5) ordinatea for a mean line of the type a = 1; oy = 1.
Clg =1

(!) ordlnates for an NACA 230 series mean line; e, = 0.3,
¢ /250 1

~NAGA

TABIE IX.=- ATRFOIL ORDINATES AT ORIFICE LOCATLONS

it Alrfoll ordinste, 3
~ Q
x Y=0 PY=o0.0 27:0.102?=o.3o‘27=o. PY = 0.75(|2Y = 0.90 27 = 0.9
= — 3 55 75 e o= 9
s} 0 0 ¢} 0 o 1] Q a
0010 —— -— .0091 .0096 .0103 L0113 0122 .12
0025 L0117 —— L0119 .0123 .0121 011 .0130 .01
0050 019 -— 0151 0157 .0165 017 0186 0151
.3125 .0220 .0220 0222 .0217 '8231? .0 .02 .0259
.0250 .Q305 0305 .0 0312 032 «0331 0301 0347
° .0500 olfzz 0433 OE 0139 .o[’flés .0358 .0l468 .ni';;
g .0850 .05 3 0566 .0 .0572 0583 .05 0606 0611
&~ .15 0'&3 . 559 JOTL1 o7k 0761 . g .0720 .0798
-] 26 0896 0897 .0900 .090 092 .09 .0960 .0
a 35 0969 -— 097k 09 .100Q <1019 .1039 .10h9
# A5 P — 0971 097k 058y .1001 1020 .10l 0 .1049
Bl | LT | o | o | owE | o | o |
= .g% s .0790 .079% .oggz 0817 .o@?ﬁ .02'5?2 .0
.75 ——— —-—— .0&28 0636 .08l 066, 0630 <06,
.85 026 —_—— 0429 .d;a;, . ol 0L 67 OlT
.95 .0179 0179 .0180 «01 +OL 013 3197 0200
.0125 -.002 -.0095 ~.009l -.0093% -.0090 -.0088 -.008, -.0083
.037 -.0 -0l | ~.01f2 -.0a -.0137 -.013h -.0131 -.0129
e .075 -.01 -.0L ~.0179 ~.0175 -.0169 -.0162 -.0155 -.0152
4 .15 -.0219 -.0218 -.0217 | -.0211 -.020 -.0193 ~-.0182 -.0178
5] 25 -.0232 ——— .| ~.0230 -0 -. -.020% -.0190 -.0L
g .35 -.0230 -.02298 | -,0226 -.021 -.0205 -.0182 -.0172 -.a16ly
- 5 =.0186 | emm= - ~.0183 ~.0175 -.0160 -.0 ~-.012 -.0119
B «55 -.0127 ———— [ ~.0123 -.011 -.0100 -.00 2 - .006 -.00
= .65 -.0055 -.0054% | ~,0052 -.0 -.00%1 -.001 a .00
K] .75 .001 -—ce .0016 . 002l .D036 .0050 .0066 .0073
.85 .00 —— .%ES .0061 006 007 .0089 «0095
.55 00L7 008 - .00LE L0051 . L 005 .0063 0065

%Pressures messured at theae locatlons with statlc nreasure survey tube.

25



26 S r NACA RM L52J03a

TABLE III.~ VALUES OF EXPERIMENTAL PRESSURE COEFFICIENT
FOR THE TWISTED AKND CAMEERED WING

Uncorreoted for baslc loading due to spanwiae verlation of tunnel stream angle; R = Lo x :l.O6

Orifice
locetion Pressure coefficlent, S
x > 2 2 P
z el =0 _§=0.05E§=o.10..§=o.503%:0.553%=0.75_%=0.90|§§=0.96
a = -3.5°
4] 0.22 1.31 1.19 2.92 ~—— 2.23 2.16 1.;8
.0010 —— ——— .Zg 1.oz 1.78 1.17 1.2 1.i2
.0025 .10 ———— . z . 1.1;2 .BZ 9 .81
.80 .12; ---; .sé .60 2 ';8 'Zz -8
.0253 . .21. .63 .Zg Zg o5l <56 .
° 050 . EZ <7 . .53 ZZ 28 .53
3 .085 . . .90 . 72 . 67 71
] .1 .92 1.00 1.85 .99 .89 .82 .81 .
g o2 1.08 1.1 1.21 1.16 1.06 99 —— 1.0
® .35 1.19 -—-- 1.30 1.27 1.17 1.11 1.11 1.1
a . g ——— 1.3 1.3 1.31 1.23 1.18 1.19 1.19
o5 1.30 -—c- -— ———— —— ——— ———— ————
é .55 —— ——— 1.33 1.30 1.25 1.21 1.21 1.21
65 ——— 1.26 1.29 1.27 1.21 1.2 1.22 1.21
70 1.30 -——— -— -———— R R - ——
<15 -—— — 1.22 1.22 1.18 1.1 1.20 1.19
.85 1.27 ——— 1.15 1.16 1.13 1.1 1.19 1.21
95 1.20 1.07 1.02 1.0l 1.02 1.06 1.07 22
012 1.28 2.03 2.30 _—— . 2.21 1.82 1.
.0575 1.2 1'.1;2 ~—— 1.28 ;El; ———— -——— 1.23
° .07 1.2 1.3 1. 1.57 1.95 2.1 1.79 1.55
] .1 1.2 1.29 1.35 1.45 1.60 2.07 1. 1.
.~ .2 1.2 ———— 1.29 1.33 1.4l 1.8 1.8, 1.
= 35 1.2 1.258 1.25 1.2 —— 1.y 1.2% 1. g
o 45 1.2 — 1.19 1.23 1.22 1.25 1. 1.y
;. 95" 1.21 —— 1.12 1.16 1.1% 1.15% 1.46 1.1;2
] .65 1.1 1.08% 1.0 1.08 1.0 1.05 1.26 1.
3 . g 1.0 ———— .g} 1.8$ 1.c9> 1'32 11.(1}2 11.33
.95 -.gg .89 .90 g K Gl 1.02 1.h3
e = -1.4°
0 0.15 1.02 0.91 1.93 -——— 2.94 2.5 2.05
.0010 ——— -— .6 . 1.30 1.21 1.% 1.2
002 22 - .6 . 1.0% .89 .95 .
0050 - . —-—— .61 +59 .26 72 Z‘z 22
.0125 40 58 W6l 22 .60 . .62 .
.0250 «55 .69 .71 . .60 22 .56 .
g .0500 .72 .82 .87 .90 .70 . .60 .
4 .08s0 . .9 1.00 .96 .82 .73 .70 73
Y .15 .99 1.0 1.15 1.11 .99 91 .86 .90
81 25 1.1 1.22 1.23 1.26 1.1 1.07 —— 1.08
- 35 1.2 ———— 1. 1.36 1.2 1.1 1.16 1.1
& 45 I'SE 1.37 1.0 1.38 1.30 1.2 1.22 1.2
;E 5‘5’ -— ———— 1.38 1.35 1.30 1.25 1.23 1.2%
T 3 T 1.35 1.33 1.31 1.25 1.23 1.22 1.21
.75 --2- —— 1.2k 1.2 1.20 1.18 1.1 1.17
.85 1.34 —— 1.15 1.1 1.13 1. 1.1 1.%2
.95 1.20 1.06 1.0l 1.03 1.01 1.01 1.0% 1.
.0125 1.12 1.68 1.83 2.12 2.86 3.01 2.15 1.97
0357 1,16 1.32 1.47 1.63 2,12 —— -— 2.00
™ .0750 1.16 1.25 1.35 1. 1.7% 1.86 1.95 2.01
g .15 1.19 1.21 1.25 3 1.0 1.58 1.7 2.08
Y 25 1.1; -—-= 1.22 1.27 1.36 1.58 1.56 - 1.82
3 35 1.2 1.212 1.19 1.2 -—— 1.2 1.37 1.4
< . 1.20 — 1.13 1.1 1.19 1.1 1.2 1.20
H 2 1:17 _———— 1.0 1.12 1.11 1.10 1.12 1.11
: .65 1.12 1.068 1.02 1.06 1.0 1. 1.olé 1.06
S . g 1.02 B gg 1.32 .35 .gh g }.'815.
.95 37 .88 .90 9% 90 .91 9& 1103

e ~NACA
These pressures measured with statlc tube.
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TABLE III.- VALUES OF EXPERIMENTAL PHESSURE COEFFICIENRT FOR THE
TKISTED AND CAMBERED WING _ Continued.

Uncorredted for baalc losding due to spanwise varistion of tunnel stream angle; R = l1.0 x 106

Orifice Pressure coefficlent, 8
location
2Y =0 BY=0.05PY¥ = 0.10 BY = 0.30 Y = 0.55 X = 0.75 Y = 0.90 [2Y = 0.96
§- 5 5 3 = 5 30 + 55 = 5 5 9 + 9
a = -0.8°
[¢] 0.1 0.98 0.81 1.76 —— 2.6 2.61 2.
.0010 -—— --2- 61 .76 1.112 1%% 1.2 1.21
.002 17 -— .59 .65 .9 . .9 .82
.00 25 ——— .29 62 .Zs .7 Zh 66
.0125 .hg .59 b1 63 61 5 «61 .59
.025 .5 .El T3 i70 .61 55 .26 27
.ogo .7h . 3 91 .86 Elz . 61 .65
g .085 . . 1.0% 1.00 . 7 12 7
[ .15 1.01 1.1 1.1 1.15 1.0% -1 .88 «9
& 25 1.1 1.25 1.32 1.29 1.19 1.10 —— 1.09
a 35 1.2 —— 1.0 1.39 1.30 1.21 1.18 1.19
P 45 ———— 1.39 1. 1.k0 1.3% 1.27 1. 1.25%
2 .50 1.38 -—— —— —— _— —— —— ————
& .55 —_— ——— 1.23 1.37 1.33 1.27 1.25 1.2l
.65 —— 1.36 1.52 1.27 1.25 1.25 1.22
<70 1.35 —— -— -— —— —— —— _——-
.75 —— —— 1.25 1.28 1.21 1.1 1.20 1.17
.85 1.31 ——— 1.15 1.1 1. .9 1.15 1.1
.95 1.20 1.06 1.0l 1.03 1.01 .97 1.0i 1.03
.0125 1.07 1.58 1.71 1.9 2.73 2.82 2.22 2.00
.0375 1.12 1.28 1. 1. 2. —— —— 2.02
.075 1. 1.21 1.30 1.2 1. 1.7 1.9 2.0
g 6 6
g .15 1.1 1.18 1.22 1.30 1.5 .50 1.73 2.
[ 25 1.17 —— 1.20 1.2 1.35 1.3 1.k 1.&2
8 .35 1.19 1.16% 1.17 1.21 -z 1.2 1.30 1.3
" L5 1.19 -— 1.13 1.17 1.18 1.17 1.18 1.12
£ .55 1.15 —— 1.07 1.11 1.10 1.0 1.09 1.0;
5 .65 1.18 1.06% 1.01 1.05 1.02 1. 1.02 1.0
3 75 1.02 —— .9; .99 97 97 o «98
.85 . —— g .95 .82 .93 - .96
95 . .87 .9 95 .89 .90 . .98
a = -0.7°
3} 0.13 0.98 0.75 1.71 -———— 2.60 2.58 2.0
.0010 -——— —— .62 . 1.11 1.10 1.32 1.22
.3823 % — .53 -62 .9; .7 .9.; 21
0125 N .61 <62 22 Zz -5 Za .5
025 . .gz .73 .go 62 .26 .Zg .
© .050 75 . g 91 .86 52 . .66
g .085 . . 1.0, 1.01 . .73 .76
o .15 1. 1.11 1.19 1.15 1.0l .95 .89 92
8 .25 1.1 1.25 1. 1.29 1.19 1.11 —— 1.10
a 35 1.2 - 1.50 1.39 1.29 1.21 1.18 1.1
& . g I-Sé 1.39 1.2 1.40 1.3% 1.27 1.2 1.
% .55 -——- -—— 1.3 1.37 1.3% 1.2)'1 1.25 1.2
. g -—— 1.36 1.3 1.52 1.2 1. 1.23 1.22
7 1.35 —— _—— _—— —_—— -—— ———= ———
.75 — —~—— 1.25 1.2 1.21 1.1 1.20 1.1
.85 1.28 -— 1.15 1.1 1.13 1.1 1.15 1.
95 1.22 1.06 1.01 1.03 1.00 1.00 1.01 1.03
.0125 1.06 1.56 1.68 1.91 2.69 2.77 2.22 1.99
0375 1.11 1.27 1.39 1.56 2.00 —_— —— 2.00
° 075 1.13 1.20 1.29 1. 1.6 1. % 1.94 2.02
e .15 1.15 1.13 1.22 1. 1. i. 1.71 2.12
o .25 1.17 ———— 1.20 1. 1.3 1.3 1.1 1.82
& o35 1.13 1.,18% 1.17 1.20 -——ce 1.2 1.29 1.52
a 45 1.1 -— 1.13 1.17 1.18 11 137 1.3
3 .55 1.15 ———— 1.07 1.11 1.10 1.09 1'82 1.02
g b5 1.09 1.05% 1.01 1.05 1.02 1.03 1. 1.0
S . g 1.o§ ——— .9; .g .9'5 g; .gﬁ ga
.95 .37 .87 .gg .9 .gg .50 93 93

é

LThese pressures measured with statlc tube.
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TWISTED AND CAMBERED WING - Continued.

TABLE III.= VALUES OF EXPERIMENTAL PRESSURE COEFFICIENT FOR THE

Uncorrescted for basic loading due to spanwlse varistion of tunnel stream angle; R = L.0 x ILO6
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8These pressures measured with static tube.
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TABLE ITI.- VALUES OF FXFERIMENTAL PRESSURE COEFFICIENT FOR THE
TWISTED AND CAMBERED WING =~ Continued.

Oncorrected for basic loading due to spanwise variation of tunnel stream angle; R = L.o x 106_

gggéggn Pressure coefficient, 3
x =0 IZE =0.03 2%:0.103{:0.503%:0.552%:0.753E=0.90 2% = 0.96
a = 0.6° :
o ¢.0 a. 0.70 1. —— 1. 2.98 2.
.0010 ---2 --Euf .11 2% .88 g‘? 1 .go 1 .?.g
.0025 .21 —_— .59 61 -8 Z‘r . <75
.00 .31 -——— .59 .60 .6 .63 T2 .65
.0125 . .6 .gg .68 62 .56 .59 .57
.025 . .7 . .T 67 .58 27 .59
- .0 5 .92 1.00 .9 .85 E . .69
g .085 .93 1.05 1.13 1.11 .95 . .7 .80
¢ .15 1.07 1.17 1.26 1.2} 1.i2 1.03 .95 .9
3 .25 1.22 1.30 1.38 1.37 1.26 1.1 ——— 1.1.&
a .Es 1.33 —— 1.6 1.45 1.36 1.27 1.2 1.23
& 42 I-L-n-. 1.43 1.4L6 1.k5 1.36 1.32 1.2 1.26
é 125 i —— 1.2 141 1.36 1.31 1.28 1.26
¢
55 gt 1.39 1.36 1.34 1.29 1.27 1.25 1.23
. 1. -—— ———— —— —— ——— -—— -—
.75 --E- — 1.26 1.26 1.2 1.20 1.20 1.17
.85 1.32 -—— 1.16 1.17 1. 1 1 1.12
95 1.21 1.06 1.01 1.03 1.00 .99 .9 1.00
0125 .96 1.36 1.4l 1.58 2.37 2.58 2.62 2.01
0375 1.0} 1.20 1.27 1.1 1.7 —— _— 1.99
- .075 1.07 1.13 1.21 1.30 1. 1.61 1.86 1.97
& .15 1.10 1.12 1.16 .22 1.37 1.20 1.53 1.91
f 25 1.12 —— 1.15 1.19 1.29 1.29 1.35 1.28
g .35 1.15 1.8 1.13 1.1 ——— 1.22 1.%2 1.26
. L5 1.12 — 1.10 1. 1.1 1.1L 1. 1.10
. .55 1.1 ——-- 1.03 1.0 1. 1.07 1.07 1.03
§ .65 1.07 1.02% 1.0 1.0% 1.01 1.01 1.01 gﬁ
. g .99 —— .91.0; '91; .9& .9; gg .90
.95 82 .87 3 33 -85 B 51 -53
a = 1.7°
o] 0.08 0.75 0.65 1.00 ——— 1.5% 2.81 2.4
.0010 —_— -—- 61 .62 .Zé .Za 1.00 1.11
.8328 .25 — . g .61 22 '6§ . 3 E
s | 2 | : : 5 56 59
R R R T A T S I N S |
a .0 . 37 1.07 .9 .89 77 .69 gﬁ
& .085 97 1.10 1.19 1.1 1.02 .91 .83 .
£ .15 1.11 1.21 1.31 1.30 1.18 1.09 1.00 2.0l
i .25 1.26 1.3 1.43 . 1.32 1.23 —— 1.18
- .35 1.36 ——— 1.50 1.50 1.h0 1.32 1.27 1.26
E: . 3 i--L-L-S- 1.146 1.50 1.k9 1.h41 1.55 1.31 1.28
:5-5 i —— 1.1;3 1.1;2 1.39 1.34 1.30 1.5{
.Tg 1-1:5 1.1 1.3 1. 1.31 1.29 1.26 1.
15 - — 1.2 1.27 1.2l 1.1 1.21 1.17
.85 1.33 -—— 1.1 1.17 1. 1. 1. 1.12
.95 1.21 1.06 1.01 1.02 1.00 .99 .97 .99
.0125 .8 1.23 1.2 1.37 z.gﬁ 2.40 2.92 2.18
<0375 9 1 1.1 1.29 1. ——— ——— 2.02
- 075 1.02 1.0 1.1 1.23 1.4k 1.50 1.63 1.86
! .15 1.06 1.08 1.11 1.17 1.31 1.%3 1.1 1.56
L= 25 1.09 — 1.11 1.1 1.25 1.25 1.29 1.%0
g .35 1.12 1.11% 1.11 1.}5 -— 1.11.2 1.20 1.18
a 45 1.12 —— 1.08 1. 1.1 1. 1.12 1.09
B .55 1.10 —_— 1.0 1.08 1.0 1.05 1.05 1.32
4 .65 1.0 1.01% 9 1.02 1.00 1.00 1.00 .
K . g .91 ———— . ; gﬁ .9; .915 91{ 33
.95 135 .86 .89 .52 3 ‘38 :39 .0

Sqhese pressures messured with atatic tube,



30 S NACA RM I1.52J03a

TABLE IIT.- VALUES OF EXPERIMENTAL PRESSURE COEFFICIENT FOR THE
TWISTED AND CAMBERED WING - Continued.

Uncorrected for basic loading due to spanwise variation of tunnel stream angle; R = 4.0 x 106

ggtﬁign Preassure coefficlent, 8
x 2y - 2y _ - 2y _ 2y _ 2y - 2y - 2y -
z gL =0 H-o.o;.g.-0.10%—0.50%-0.55%-0.75_§-o.9o_§-0.96
a = 2.7°
0 0.06 0.6 0.59 0.81 ——— 1.1 2.26 2.9
0010 -—— ---§ .60 b2 .62 .62 .82 1 02
.0025 2 — .62 63 b .62 67 .
.0050 3 ——— 71 NE] .66 61 57 .
.0135 .5 7 5 . .70 b2 .g .
.ozg 7 .90 97 97 1 3 . .
e .0 .90 1.0 1,15 1.1, .98 .8 7 T
S .085 1.02 1.1 1.22 1.25 1. .99 91 .90
4 .15 1.15 1.26 1. 1. 1.2 1.17 1.08 1.07
= .25 1.30 1.28 1.47 1.9 1. 1.29 -—— 1.2%
° 35 1o —— 1.54 1.5 1.6 1.37 1.3% 1.31
£ 45 ——— 1.9 1.53 1. 1.6 1.0 1.35 1.31
§: .50 1.47 —— —— ——— —~— —— —— -—
B 25 — —— 1.!;3 1.46 1.42 1.37 1.33 1.2
.73 i-l-é 1.43 1.3 1.38 1.%3 1.31 1.27 1.2
75 —— —— 1.26 1.28 1.2 1.22 1.21 1.18
.85 1.3 ——— 1.15 1.17 1. 1 1.1% 1.12
.95 1.2 1.06 1.01 1.02 1.00 97 .97 .9
012 .82 1.08 1.11 1.1 1.72 1.98 2.8t 2.
.0572 .93 1.04 1.08 1.1 1.'17;6 --?- ——— 1.32
A RECIN SR e B I R SIS
< .25 1.0 - 11 8% 1.11 1.21 1.20 1.2 1.20
E .35 1.0 1.08% 1.08 1,10 -—— 1.1 1.1 1.1}
Ji5 1.09 ———— 1.05 1.09 1.12 1.0 1. 1.07
£ .25 1.07 — .99 1.06 1.06 1.0 1. 1.00
M b5 1.02 - 992 .96 1.00 .99 .9 .9 .95
K] 'ég .98 — . E 32 .95 .33 gg g;
.95 gh .86 .88 92 gg .sg . +91
a = }.7°
o 0.05 0.59 0.61 0.59 — O'ZG 1.1 1.96
.0010 ——= -=ZZ 7 71 .60 .62 .63 .
.0025 . g —— E . .gg .62 62 .63
.0050 . ———— 02 .9 . .63 .58 .
.0125 . .93 1. 1.09 .86 . .53 6
+025 . 1.03 1.16 1.19 1.01 . .55 .12
.050 1.00 1.1 1.30 1.26 1.17 1.01 89 2
g .085 1.11 1.2 1.41 1.5 1.27 1.15 1. 1.00
a .15 1.23 1. 2 1.50 1.23 1.1 1.31 1.20 1.16
g .25 l. Z 1. 1.23 1.60 1.51 1.2 — 1.31
a 35 1. — 1. 1.63 1.56 1.48 1.42 1.37
. 45 ———— 1.9 1.59 1.59 1.84 1.48 1.2 1.37
g .50 1.5% —— -—- -—— ——— ——— ———— -——
B .55 -— ———— 1.52 1.51 1.48 143 1.38 1.3
12 . g E'EE 1.46 1.2 . 1.37 1.35 1.52 1.2
.75 -———— ——— 1.2 1.29 1.27 1.25 1.24 1.19
.85 1.37 —— 1.1 1%3 1.15 1.15 1.15 1.12
.95 1.23 1.09 1.00 1. 1.00 .99 .97 97
.0125 70 .88 .87 .86 1.31 1.52 2.00 2.20
+0357 3 .92 <93 .96 1.2k -———— ~—— 1. z
- 075 . Ob .9 .99 1.12 1.21 1.31 1.
° .15 9% 97 .9 1.01 1.1 1.15 1.21 1.2
& 25 . -—e- 1.01 1.0 1.1 1.1% 1.17 1.
| 35 1.02 1.02% 1.02 1. ———— 1.10 1.12 1.11
n A5 1.04 -——— 1.00 1.0, 1.07 1.06 1.06 1.0
t .55 1. ———— 97 1.01 1.02 1.01 1.02 1.0
L . g .9 .oL8 .98 3? .9? .9; .92 .9
A &2 B | |k 33 83 X 48 88
95 .8 87 .91 .87 . 87 .90

Smene pressures measured with static tube
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TABLE IXI.- VALUES OF EXPERIMENTAL PRESSURE COEFFICIENT FOR THE
TWISTED AND CAMBERED WING ~ Continued.

Uncorrected for baslic loading due to apanwlse variation of tunnel stream angle; R = L.o x 106
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TWISTED AND CAMBERED WING - Continued

TABLE III.- VALUES OF EXPERIMENTAL PRESSURE COEFFICIERT FOR TEE

location

Uncorrected for bsaic loading due to spanwlse varliatlon of tunnel stream angle; R = L.o x 106
Orifice
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8 These pressures measured with static tube,
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TABLE III.- VALURS OF EXPERIMENTAL PRESSURE COEFFICIENT FOR THE
TWISTED ARD CAMEBERED #ING - Contlnued.

Uncorracted for basic loading due tc spanwise variation of tunnel stream angle; B = .0 x 106

ggtﬁti;n Pressure cosfficlent, S
z Z =0 [3=0.032 =0.10/2 = 0.30(2L = 0.55[2L = 0.75/2L = 0.90|3L = 0.96
a = 17.0° '
-] 0.4 1.31 3.21 k.21 —— 2.8% 1.76 1.13
0010 —— _— 3.70 a g 3.63 3.1 2.31 1.92
.0028 1.21 ——— 3.& .8 3.72 3.01 2.7 1.58
3| I sae | m | ¥ 2m | 2% | 2R | 19
025 1:26 2.1 28 5.37 2.86 2.08 2:% 2.00
s 050 1.55 2.07 2.6% 2.93 2.62 2.35 2.1l 1.99
- .085 1.62 z2.01 2.4 3. z.hg 2.2 z.oz 1.33
) .15 1.5 1.95 2.30 2.5 2.2 2. 2.0 1.
5 .25 1.81 1.92 2.1 2.23 2.05 1.9L —— 1.82
a .35 1.8, _—— 2.0& 2.0 1.81 1. 18; 1.76 1.71
§‘ .sg ]-.-éé 1.8, 1.89 1.81 1.50 3. 1.57 1.57
2 - — | 171 1.52 1.30 1.25 1.3} 1.3
s -ch) ]—--gi 1.62 1 .’;2 1 -gl.[. 1 -g'{ 1 -2; 1 -?.17" 1 -12‘.3
%5 i ——— 1.30 1.32 1.2 1.21 1.12 I:%%
.85 1.12;2 — 1.1 1.3 1.2 1.20 1.11 1.
.95 i. 1.07 1.15 1.3 1.29 1.21 1.09 3.05
.012 .1 . . 1.06 . .52 . .
.0573 .22 .1‘3 ZL]Z <54 .72 --E- -—?i . 3
° .075 39 5 48 .52 b2 .59 66 .
e %g «50 .52 .25 .59 Q . 3 . g .9
E 38 :25 652 . g ?{E — :83 .98 1.00
© E .69 -—— 71 .79 91 . .91 1.01
£ 2? 71 ———=g 7 81 52 .89 .93 1.01
e .65 <1 .70 .7 .83 91 .8 .93 .93
K] . g «T0 -— T g .91 '88 3;.- 37
.95 1é8 .75 42 96 .35 .93 .35 1.42
a = 22.09
o 0.78 2. . 8.2 —— .01 2.76 1.
.0010 --Z— --22 gg% 8.8% 5.4 % 8 3.§o 2.—%
.oozg 1.67 ———— 5 8.07 5.2 5, .08 2.
.00 1.72 —— .zg 6.8% .08 3.3§ 2.8, 2.)2%
0125 1.91 3.25 E. 1613 2.90 2, 2.61 2.3
.025 1.91 2.75 3.83% E 3.31 2.6 2.51 2.28
° .050 1.94 2.5% 5.36 z.80 5.01 2.3 2.2 2.12
9 .085 1.53 2.35 3.02 5,52 2.%2 2.13 2.05 2.00
s .15 1.91 2.19 2.67 2.99 2. 1.77 1.85 1.79
3 25 1.97 2.10 2.39 2.155 122 1.37 -—— 1.27
L 35 1.97 — 2.20 2. 1. 1.32 1.26 1.5
& . g i';i 1.95 2.00 1.72 1.46 1.31 1.22 1.18
g :55 i — 1.79 1.57 1.47 1.30 1.21 1.16
. 3 e 1.70 1.55 1.50 1.47 1.30 1.21 1.16
:75 il —— 1.3 1.€2 1.50 1.30 1.20 1.16
.85 1.48 -——— 1.31 1. 1. 1.29 1.20 1.17
.95 1.17 1.03 1.20 1.& 1.k5 1.29 1.19 1.17
.0125 . 82 1.37 2.09 1.13 .53 .65 .60
<0375 lﬁ 32 «51 ] <97 ——— ——- 56
° .075 .2 .32 Lo EO .53 .50 .56 .67
] %g E[Z .59 15;3 . g '7§ .Tg . ; .gg
g .35 NI .52% .55 22 — 79 :Eu 86
S L5 .5 -—— Zg .68 .83 82 .87 .99
£ 55 . ——— . 13 . .91 1.00
g 65 .59 .59% 62 Eg .89 .Bg 91 «99
K] <75 .59 -—-c= . . 291 .8 .91 .9
.85 .E9 —~—— . .86 .93 .89 .92 '86
95 .60 .65 .75 .99 1.00 .95 .96 1.

%omese preasures measured with static tube. .E:
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TABLR III.- VALUES OF EXPERIMENTAL PRESSURE COEEFICIENT FOR THE
TWISTED AND CAMBZRED WING ~ Continued.

Uncorrected for baslc loading due to spanwlae variatlon of tunnel stream angle; R = L.0 x 106

gz:gtgn Pressure coefficient, S
z 2L =0 |3 =0.03|3L = 0.10[5L = 0.50|3{ = 0.55/ & = 0.75/3L = 0.90| &L = 0.96
e = 25.1°
0 1.09 3.19 T.39 11.56 ———— L.11 3. 2.
.0010 ——— ———- 723 11.61 5.1 3.88 5.5; 525
0025 2.00 ——— 7. 10.40 .10 %.58 5 2.21
.0050 2.m2 _—— T7.00 . 3.66 3.22 5.05 2.
.0125 2.18 %.97 3.66 6. 3.39 2,67 2.33 2.;.@
@ .025 2.11 . gg 5.60 2.85 2.4 245 2.
g .050 2.11 2.82 3. k.72 2.09 2.07 2.20 2.12
¢ .085 2.08 2.55 5.35 3.98 1.69 1.71 1.93 1.2h
& .15 2.02 2.3% 2 .86 5,28 1.63 1.4 1.5 1.62
@ .25 2.06 2.20 2.5% 2.67 1.60 1.42 -——— 1.31
t 35 2.0% ———— 2.%0 2.17 1.57 1.1 1.2 1.2}
é .sg I—;g 2.(_)2 3:06 1.§h 1.57 1.40 1.2 1.24
] .55 g ——— 1.85 1.77 1.5 1.39 1.27 1.2
1S o B (A e O - S A
. —— —— 1.52 1. 1. 1.38 1.2 1.
. ? 1.48 ——— 1 ? 2%2 12’? 1.%7 1.27 1.§h
95 1.21 99 1.1 1.88 1.5% 1.35 1.2 1.2
0125 .0l 1.16 1.95 2.94 1.20 67 7 .68
.0375 .08 .33 .62 9l .56 ——— ---E 22
3 .025 .16 ;‘{ .39 Ellt . % 48 . g .
a 25 E,E --iz 2 &s :27 128 :ga &
B .35 b1 —— o .25 -—— .56 81 .93
a Ji5 &7 -— .52 Bl .82 .81 .86 95
. .55 .50 ——— .5 .66 .86 . .90 .
2 . g 52 --:: -20 - 71 .gg ogs -3% -gg
3 .82 A - 63 & RN 8 -3l . 2
.95 .55 .61 Rral 1.05 1.03 K- .99 1.0
a = 26.19
0 1.21 3.57 8.08 12.77 ~——— L,.28 3.49 2.54
.0010 —— -—c- §.18 12. Z L.s L.04 5'E5 5.25%
.0025 2.12 -— 8.08 11.0 L.5 3.71 3. 2 2.99
.oogo 2.12 —— Z.so 9.10 L;.og 3.2l 3.0 2.71
.0125 2.26 - L.o7 .00 T7.03 2.7 z.ag 2.7 2.56
.025 2.18 .31 k.76 .81 2.20 2. 2.1 2.9
o .050 2.16 2.92 5.29 .78 1.77 1.27 2.1% 2.12
e .085 2,13 2.62 3. 2 L.12 1.71 1.6% 1.82 1.91
< 15" 2.06 2.39 2.9 3.38 1.21 1.49 1.46 1.56
=} 25 2'82 2.2% 2.58 2,22 1.68 1.47 ———— 1.5
a 35 2. —— 2.33 - 13% 1.67 1.4 1.33 1.29
§ .53 -1--55 f_"f? 2.09 1. 1.65 1.42 1.53 1.30
& .25 -— -—-- 1.87 1.8% 1.6 1.42 1.32 1.30
.72 ;-'H 1. zh 1.70 . 2.21 1.6 1.42 1.32 1.30
75 - —— 1.55 | =2.86 1.62 1.1 1.32 1.30
«85 1.48 -— 1.?& 1. 1. 1.2 1.51 1.31
.95 1.20 98 1.1 1.?)20 122 1.%8 1.%0 1.21
0125 .01 1.30 2.1 .2 1 72 . 12
° 0375 «06 34 62 ?. .02 +5 e .0 _75
& 075 .1l .2 .39 Eh .50 47 22 .61
] ol 23 2 .35 b2 .58 22 .62 .
& .2 31 - L0 N b7 . .13 Z
@ .35 El? N 45 .52 -—— .78 .81 .93
| B B o | ¥ | TR | k|8 | F
I SR N S S N
-85 .52 ———- .61 . . .8 . .
.95 .5l .51 .69 1.3(9) 1.82 2 1.315 %(1)2

- .97
These preasures measured with static tube. 3
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TWISTED AND CAMBERED WING - Contimed.

TABLE IYI.- VALUES OF EXPERIMENTAL PRESSURE COEFFICIENT FOR THE

Uncorrected for basic lcadlng due to apanwise variation of tunnel stream angle; R = L.o x 106

NACA RM L52J03a
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%These pressures measured with static tube.
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TABLE IIT.= VALUES OF EXPERIMENTAL PRESSURE COEFFICIEKT FOR THE
TWISTED AND CAMBERED WING - Concluded.

Uncorrected for baslc loading due to apenwise variastion of tunnel stream angle; R = L.0 % 106

e Pressure cosfficient, S
3 3§=o 3%:0.053{.:0.103%=0.302§=0.552§=0.75?§=o.9o§§=0.96
e = 31.1°
o 1.%1 .1 10. .0 ———— .21 4o .8
0010 —— ?__2 10.212‘ 3615. L .08 2.31 ;.%o 322
.0025 2,66 — 10.10 2.57 L.os %.56 2.73 3.62
0050 2.60 —— 9.07 2.57 3,62 3.1;2 2.51 2.3&
«0125 2.62 L.92 T.0L 222 222 .88 2.31 2.
.ozg 2.446 3.91 E.hl 2. 2. ?.32 2.0 2.
© .og 210 3.%0 .32 2.22 2.06 2. 1.8 2.0
S <085 2.31 2.87 32.60 2.0 1.82 2.29 1.76 1.29
P .15 2.1 2.5 2.22 2.3, 1.8 2.1% 1.71 1.
1 25 2.1 2.3 3. 2.27 1.81 2.10 ——- 1.6?
C 35 2.13 ———— z,02 2.2 1.80 2.06 1.62 1.61
i . g 5—1- 2.3% 2.86 2.7 1.79 2.02 1.59 1.58
g :55 22 -— 2.61 2.2} 1.7 1.99 1. 1.
.73 375 2.27 2.23 2.17 1.7 1.95 1.5 1.5E
75 —— ———— 2.97 2.0 1.72 1.87 1.53 1.52
.85 2.¢ ——— 1.81 1.9 1.68 1.27 1. 1.31
95 1. 1.36 1.58 1.99 1.62 1.67 1.45 1.47
o012 . 2.02 2.96 1.32 1.22 1.0 .96 1.01
'0573 -gz A iv .go .E6 .62 ---é --2- .52
g .075 .05 .20 .37 Jio 52 A3 .hz 2
2 .15 .15 19 .27 40 .56 .hz . &7
5 25 gé ——— 32 48 . Zh .66 .80
2| @2 I g | T 73 5 o0
& 55 2 ———— .52 .72 .83 .Eé .86 95
[ 55 45 ——— . .zs .85 .80 .Bg .9
S - el B S I+ S N N O S e O B 1
.95 .83 .69 .59 1.18 1.02 1.00 1.03% 1.4

é
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Orifice

Pressure fupe
spanwise sfation

Iransfer poom

MAC.,K16.672

Twist axis
0.80¢ tine

, 63.630

o — ; - — .

T T T T

Station A-A (enlarged]

Typical airfoil section and chordwise orifice location

Figure 1.- Geometric details of model. Aspect ratio, 8.02; taper ratio, 0.45;
airfoil section, NACA 631A°Zi125 wing area, 14.02 square feet. (Dimensions

are in inches.) C14 defined in figure 2.
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Flgure 2.- Spanwise variation of wing geometric twist and design section
1ift coefficient.



BEOLSCT W VOVN

i ‘::”‘"i i1|"l H

.. 7 : 4]‘,.
Ii ‘i 'lj,; \.,_. ! -‘\\ e - ,;*'i‘;
' . ‘l&" B JE KQA{;‘&_

! NES _
g ! v}
'alll . ) v I=""ye

6E

Figure 3,- Model in tunnel for force tests (front view).




Figure L.- Model in tunnel for pressure-distribution tests (front view).
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6H

E 0.6'max , 30°

——l 0.25¢ -}

Typical fence on wing without flaps

30° 0.6 max  30°

0.05¢ \<-

Typical fence on wing with flaps .
(a) Fence installation without flaps.

Horizontal plane formed by roof
chord line and &O-percent-chord/line

—————0975 Eb

Cellulose tape
\ i 7_'€° /_\ .

Wooden block

';'gi Diam. 6.00 Rodius

Section A-A (enlarged)
Typical section with leoding-edge flaps

=
L—— 0.80c

Section B-8B (enlarged)

52°

(b) Fence and flap instaltation.

Typical section with split flaps

Figure 5.- Details of flaps and fences. (Dimensions are in inches. )
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Figure 6.~ Spanwise air-stream angle-of-attack variation and basic loading
’ due to air-stream variation.
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Figure 7.~ Effect of Reynolds number on the lift, drag, and pitching-
moment characterlstics of the twisted and cembered wing.
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Figure T,- Continued.
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(a) Lift and pitching moment,

Figure 8.- Effect of fences and leading-edge roughness on the 1ift, drag,
and pitchirg-moment characteristics of the twisted snd cembered wing.

R =4.0x 106; fence locations, 0.45, 0.70, and 0.89b/2.
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© Plain wing R=40 x
O Plain wing Rwlb x
O Wing with fences at 0.45, R=4.0 X
0.70, and 0.80 b/3
A Wing with leading-edga Rw4d0 x
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Figure 9.~ Chordwise pressure dlagrams for twisted and cambered wing, wing
with fences, and wing with roughness.
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Figure 24.- Comperison of the calculated and experimental spen loadings
on the plane wing and on the twisted and cambered wing.
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Figure 25.- Comparison of experimentel and celculated section 1lift-curve slopes.
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Figure 26,- Comperison of experimental section centers of pressure with
centers of pressure calculated by the Multhopp 15 x 2 solutiom,
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