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RESEARCH MEMORANDUM

THE EFFECTS OF SUCTION THROUGH POROUS LEADING-EDGE
SURFACES ON THE AERODYNAMIC CHARACTERISTICS OF A
47.5° SWEPTBRACK WING-FUSELAGE COMBINATION
AT A REYNOLDS NUMEER OF h.h x 106

By Jerome Pagamanick and Willism I. Scallion
SUMMARY

The effects of suction through porous leading-edge surfaces on the
longitudinal aerodynemic characteristics of a k7.5° sweptback wing-

fuselage configgggtion have been investigated in the Langley full-scale

tunnel at a Reynolds number of k.4 X 106. The wing section normsal] to the
quarter-chord line was NACA 6l7A112, the aspect ratio was 3.4, and the

taper ratio was 0.51.

The maximum 1ift coefficient of the model without suction was 0.98
and the configuration was longitudinally unstable. The application of
area suction extending along 38.6 percent of the outboard wing spen and
from the zero to the l-percent chordwise stations on the wing upper
surface increased the maximm 1ift coefficient by 0.12 and reduced the
drag, including the blower power drag, in the high 1ift range by approxi-
mately 30 percent. The model was longlitudinally stable at the stall for
this configuration; however, the stabllity at the stall was preceded by
gome erratic pitching characteristics. The configurstions investigated
having area suction along 19.3 percent and 57.9 percent of the outboard
wing span resulted 1In longitudinal ingtebility at the stall. )

Of the range of the chordwise extent of area suction and flow coef-
ficients investigated, stability at the stall was obtained only for
suction between the zero percent and the l-percent chordwise stations on
the wlng upper surface.

The initial application of suction at small removal flow rates
resulted in large improvements in the 11ift and drag characteristics at
the high angles of attack; however, the rate of improvement decreased
and the effects approached a: limiting value with increasing suction flow
quantities.’ .

Preliminary calculations indicate that the blower power drag at high
1ift coefficients with area suction would be lower than similar slotted
configurations. . S
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. INTRODUCTION

The inherently poor low-speed aerodynamilic characteristics of thin
highly sweptback wings may primerily be attributed to wing leading-edge
air-flow separation. Studies have been made to evaluate the effective-
ness of leading-edge flaps and suction slots as means for improving the
characteristics of thin wings (references 1 to 5). In addition to the
use of flaps and suction slots, the theory presented in reference 6 indi-
cates that leading-edge separation on thin wings could be delayed by
removing small quantities of air through porous leading-edge surfaces.
Two-dimensional tests (reference T) have shown improvements in the 1lift
and drag characteristics of an airfoil, and the results reported in
references 8 and 9 show the effect of-area suction on the longitudinal
gtabllity characteristics of highly sweptback wings.

A research progrem has been underway at the Langley full-scale
tunnel to study the low-speed aerodynamic characteristics of a swept-
back wing-fuselage configuration with various combinations of high-1ift
flaps and boundary-layer control by suction. The longitudinal stability
characteristics of the subject configuration were greatly improved with
the use of either properly located leading-edge flaps or leading-edge
spanwise suction slots; however, for the slots large suction-flow
quantities were required to obtain any improvements. In view of the
possibllity of reducing the required suction quantities while still
attaining improved air flow over thin wings, the program was extended to
Investigate the effects of area suction. The wing leading-edge sweep-
back was 47.5°, the aspect ratio was 3.4, the taper ratio was 0.51, and
the airfoil sections normal to the quarter-chord line were NACA 6hIA112.

The results include the effects of varying the extent of chordwise
and spanwise area suction and suction-flow quantities on the maximum
1ift and longitudinal stability characteristics of the model at zero
yaw. Forces, moments, and internal-suction pressures were measured for
each configuration for a range of angle of attack through the stall.
Surface pressure distributions were cbtained for several configuratlons

and angles of attack. The Reynolds number of the tests was 4.4 x 10
and corresponds to a Mach number of approximately 0.07.

COEFFICIENTS AND SYMBOLS

A1) results are presented in standard NACA form of coefficients
and forces, and are referred to the wind axes. Moments are referred to
the quarter-chord point of the mean aerodynamic chord.
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1ift coefficient (L/qos)

measured drag coefficient (D/qOS)

- b 4
drag coefficient equivalent to blower power (?chéi)

pitching-moment coefficient (M/qOSE)

suction-flow coefficient (Q/V,S")

pressure-~loss coefflcient <}£%I:'Eé)
o]

pressure coefficient (P—;&>
(o]

1ift, pounds

drag, pounds

pitching moment, positive when moment tends to increase angle
of attack, foot-pounds

free-stream dynemic pressure, pounds per square foot
1 2
(ﬁpovb )

mass density of air, slugs per cubic foot

-

free-stream velocity, feet per second

total wing area, square feet
wing area affected by span of area suction, square feet

wing chord, measured in plane perpendicular to quarter-chord
line, feet

wing chord, measured in plane parallel to plane of symmetry,
feet

wing mean aserodynamic chord, measured in plane parallel to

b/2
plane of symmetry, feet (g‘/h c'ed;>
0
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b wing span, measured perpendicular to plane of symmetry, feet

Yy distance measured perpendicular to plane of symmetry, feet

X distance measured parallel to plane of symmetry, feet

Q total quantity of flow through permeable surfaces, cubic feet
per second

Ho free-stream total pressure, pounds per square foot

Hy total pressure inside wing duct, pounds per square foot

P local static pressure, pounds per square foot

Pg | free-stream static pressure, pounds per square foot

R Réynolds number (pgVoT/u)

u coefficient of viscosity, slugs per foot-second

o ~  angle of attack of wing chord line, measured in plane of

symmetry, degrees
MODEL

General dimensions of the model are given in figure 1, and a photo-
graph of the model mounted in the Langley full-scale tunnel is presented
as figure 2. The wing leading-edge sweepback was 47.50; the aspect
ratioc was 3.4; the taper ratio was 0.51; and the airfoil sections normal
to the querter-chord line were NACA 6hlA112. ~ The wing panels had no

twist or geometric dihedral and were mounted in a low mldwing position
at zero incidence on a clrcular fuselage.

Suction was applied at the wing leadlng edge through porous surfaces,
extended spanwise from the 22.8-percent semispan station to the wing tip,
and extended chordwise from 1l.0-percent chord on the lower surface to
8-percent chord on the upper surface {(fig. 3). By a method of sealing
the porous surface, investigation of the various spanwise and chordwise
configurations was possible. The alr flow was induced Into two span-
wise chambers inside each wing panel divided at the 61.4-percent semi-
span station in order to obtain closer. spanwise control, and was then
ducted into & common plenum chamber located iIn the fuselage. Flow con-
trol was regulated by throttle valves installed in each duct leading
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from the wing and by a free-air-bleed valve located on the fuselage.

The suction was supplied by & high-speed cenitrifugel compressor driven
by a veriable-speed electric motor with the compressor air inlet con-
nected to the fuselage plenum chember and the air outlet ducted to the
fuselage tail pipe. Suction-flow gquantities were measured by thin flat-
plate orifice meters in each wing duct, and wing-chamber static pres-
sures were recorded from flush wall orlfices. The pressure loss coeffi-

cients CP were determined from total pressure measurements obtained

at the junctures of the wing chambers and the air suction ducts. Alr-
foil surface pressures (measured in a plane psrallel to the plene of
symmetry) were measured over the left wing panel by flush static ori-
fices located at four spanwise stations, as shown in table I.

DESIGN, CONSTRUCTION, AND OPERATION

OF LEADING-EDGE SURFACES

The selection of porous surfaces for leading-edge suction necessi-
tated the consideration of such factors as the suctlion-flow quantity,
the fabrication and exterilor finish of the surfaces, and the character-
istics of the suction power unit. Since it is believed that the proce-
dures followed in the selection of the porous materisl and the special
techniques involved in the fabrication of the leading edges are note-
worthy, the following operationasl methods develoved during the present
investigation are included.

The first step in the procedure used for the selection of the
porous surfaces was to calculate the theoretical two-dimensional-airfoill
pressure distribution for several section lift coefficients (reference 10).
The assumption was then made that the internal suction pressure was at
least equal to the peak negative pressure on the airfoil surface to
prevent outflow and the resultant chordwise inflow or normal velocities
were determined for materials having various grades of porosity. The
chordwise normal velocities were integrsted over the part of the chord
involved to obtain the suction-flow quantities and it was found that,
for a material having a porosity characteristic of 1-foot-per-second
velocity normel to the surface at 0.25 pound per square inch or 7 inches
of water-pressure drop across the surface, the suction-flow coefficilents
would vary between 0.00075 and 0.0025 as the chordwise extent of suction
varied from 1 to 6 percent of the wing chord.

The next step was to select a suitable material which could be
incorporated into the wing leading edge and meet the requirements for
area suction. It was desirable to use a material which had a very large
number of small openings, serodynamically smooth, easily fabricated,
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and also capable of being cleaned. Previous investigations of boundary-

layer control by area suction have employed blotting paper, sintered

bronze (reference T7), linen gauze (reference 8), and numerous screen H
and mesh combinations. An extensive study had been made by the Cascade
Aerodynamics Section of the Langley Aeronautical Laboratory to deter-

mine the porosity characteristics and availability of a large variety

of porous materials. The materials were tested in the basic condition

as supplied by the meanufacturers or processed elther mechanically or

chemically. From the findings of this search it was possible to select

a porous meterial which would best serve the purpose of the present
investigation. The material chosen was a metal filter cloth of monel

wire which had a mesh of T00 X 80 wires per inch and total thickness

of 0.0105 inch. The basic porosity characteristics of the material as

recelved are given in figure 4. The meterial before processing was

much too porous for the need of the present investigation; however, by

decreasing the thickness of the filter cloth through a hammering proce-

dure the desired porosity condition was obtained (fig. 4) and the surface
roughness was reduced. Particular care and effort was exerted during

this step because the hemmering procedure is irreversible and the thick-

ness and porosity of the material could be made nonuniform. The skin

thickness after hammering ranged between 0.0071 and 0.0073 inch with

little variation in porosity. The hammered filter cloth was bonded

around the edges to a coarse spacer screen (0.024 inch thick) and

attached to a perforated-steel back-up sheet (0.09% inch thick) formed -
to the contour of the airfoil. The total thickness of the porous sur-
face and backing was approximately 1/8 inch and the screen and back-
up-sheet combination did not appreciably affect the porosity character-
istics as determined for the metal filter cloth.

The extent of the chordwise and spanwise area suction was maintained
by a strippable nonporous plastic coating which was carefully sprayed
onto the surface. The plastic-coating thickness was approximately
equivalent to the thickness of ordinary cellulose tape; however, the
gurfaces were sanded and the edges were feathered. In the process of
spraying the plastic coating onto the surfaces some impregnation occurred
and it was necessary to pass a solvent cleaner through the exposed sur-
faces immediately after a section was stripped. During the course of
the investigation the surfaces were repeatedly cleaned with carbon
tetrachloride in order to remove dust and other particles which clogged
the material as a result of boundary-layer suction. The porosity of
the material after it had been stripped of the coatling and after it had
been exposed to the air for the complete time of testing is presented in
figure 4. It should be pointed out that the indiceted loss in porosity
represents the extreme 1limit but by repeated cleaning of the surfaces
the porosity loss was recovered and most of-the tests were conducted in
the region representative of the clean condition (fig. Ly,
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TESTS AND RESULTS

Tests to determine the effects of leading-edge area suctlon on the
Jongitudinal aerodynamic characteristics of the model were made in the
Langley full-scale tumnel. Force data, internal-flow-pressure data,
and airfoil pressure distributions were obtained at zero yaw over a
range of angle of attack from small negative engles through the angle
for maximum 1lift. The extent of the spanwise and chordwise length of

exposed surface was varied from 0.228% to l.Od% and from Zero chord to

0.06 chord on the upper surface, respectively, with suction flow coeffi-
cients varying between 0.0007 and 0.0035. The Reynolds number of the

investigation was approximately 4.4 x 10° corresponding to & Mach number
of 0.07.

The data have been corrected for jet-boundary effects (as deter-
mined from the straight-wing method of reference 11), blocking effects,
stream alinement, and wing-support interference. In addition, a drag
tare correction (which for most conditions was very smzll) has been
applied to compensate for the effects of the air-Jjet thrust due to the
blower operation. The drag coefficlents Cp as presented in the fig-

ures are the measured coefficients of the external drag of the wing-
fuselage combination and do not include the blower-power drag coeffi-~
cients. The wing areas used in the computation of the blower-power
drag coefficients are presented in table II.

A summary of the meximum-1ift results and the longitudinal stabil-
ity characteristics for the various configurations tested is presented
in table ITII. In order to facilitate the discussion of results, the
data are arranged in the following order of figures. The longitudinal
aerodynamic characteristics of the basic wing are given in figure 5, and
the airfoil pressure distributions are presented in figure 6. Figures 7
to 9 present force test datae and airfoll pressure distributions to
1llustrate the effect of the spanwise variation of suction on the wing
serodynamic characteristics. The results of the chordwise variation of
area suction are presented in figure 10, and the airfoil pressure dis-
tributions of the corresponding conditions are shown in figures 11 and
12. The effects of the suction-flow quantity on the wing longitudinal
characteristics are given in figure 13. The results of the equivalent
blower drag for the wing employing suction slots or porous surfaces are
presented in figure 1h.
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DISCUSSION OF RESULTS

Basic Wing Characteristics

The longitudinal serodynamic characteristics of the basic wing
shown in figure 5 are similar to the results presented in reference 5.
The meximum 1lift coefficlent of the model without suction is 0.98 at an
angle of attack of 22° and the configuration at this attitude is longi-
tudinally unstable. In the low- and moderate-lift-coefficlent range,
up to a Cp of 0.8, a= 15Q, the 1lift, drag, and pltching characteris-

tics are very nearly linear. Increasing the angle of attack above 15°
resulted In large increases in drag. Between angles of 15° and 17° the
Cp curves indicate large increases in the nose-down pitching moments.

These &brupt changes can be attributed to & "bubble" of air-flow separa-
tion occurring at the wing leading edge, which effectively alters the
leading-edge profile, and produced a localized 1ift increase in the tip
reglon and a rearward movement of the wing center of pressure. Although
the leading-edge bubble is not located (fig. 6(c)), because of the lack
of spanwise pressure distributions, 1t is estimated from the data of
reference 5 to be between the 73~ and 93-percent-spen stations. The
flow outboard of the disturbance although stalled produced some 1ift
increase and figure 6(c) illustrates the region to be near the 93-
percent-span station. The leading-edge disturbance progressed inboard
with increasing angle of attack and at an angle of attack of 18.1°

(fig. 6(d)) the phenomena had moved inboard to the 53-percent-span sta-
tion. For this condition the decrease in 1ift over the outboard wing
sections and the accompanying forward movement of the center of pressure
resulted in longitudinal instability. The inboard progression of the
leading-edge disturbance 1s also evident at an angle of attack of 200

(fig. 6(e)) (2% = o.3l+>.

Effect of Aresa Suction on the Longitudinal Characteristics

Spanwise extent of suction.- The control of the air flow over the
outboard sections of highly sweptback wings can be attalned with prop-
erly designed leading-edge flaps, slats, or suction. Ii each case,
however, there is & critical span regquired to produce longitudinal sta-
bility. The results of the spanwise variation of suction through porous
surfaces for the present investlgation are shown in table III and repre-
sentative curves are presented iIn figure 7. It can be seen from fig-
ure T that the application of suctlion to the largest value of CQ

obtained along 1 percent of the wing chord and the outboard 19.3 percent
of the wing span has a negligible effect on the maximum 1ift coefficient
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(CI did occur 2° earlier) and results in a small reduction of drag

betwveen Cp of 0.8 and the maximum 1ift coefficient. The pitching-
moment cheracteristics just prior to Cj are greatly influenced by

this suction although the model was longitudinally unstable beyond
Ct . The abrupt pitching-moment changes which were present for the

basic wing without suction were eliminated and the model became neutrally
stable up to and including the angle of attack for Cf . It was pre-

viously pointed out for the basic wing that a bubble of separation at
the outboard leading edge resulted in a rearward movement of the center
of pressure and an accompanying increese In stability. Suction spanning

the outboard 0.192, end with & Cg = 0.00125, eliminated the separation

bubble and delayed the stall to higher angles of attack, until all sec-
tions on the outboard half of the wing span stalled in unison. The
changes in 1ift over the outboard 19-percent wing span cannot be detected
from the 1ift data, but the pitching moments clearly show the beneficial
effects of suction.

The extension of area suction to the outboard 38.6 percent of the
wing span resulted in an increase in the meximum 1ift coefficient to
1.10 (&Ct = 0.12\. The drag coefficients in the renge near C;g

were unaffected by the application of suction. The pltching moments at
the maximum 1ift coefficient were longitudinally stable. In the 1ift-
coefficient renge between 0.96 and 1.0&, the data indicated an abrupt
increase in negative pitching moment followed by a recovery to the ini-
tial moment. The airfoil-pressure diagrams of Ffigure 8(d) show a dis-
turbance occurring in the region of the 53-percent-spen station and
extending outboard to the T3-percent-span station. ({Compare figs. 8(c)
and 8(d).) The pressures are also somewhat affected inbosrd of the
53-percent-span station but not so noticeably as the pressures at the
outboard stations. The effect of the disturbance was to shift the center
of pressure rearward with respect toc the moment axis and produce 2 nose~
down pitching moment. A further increase in angle of attack (fig. 8(e))
resulted in a loss of 1ift in the region near the 53-percent-span station

which is inboard of the extent of area suction O.6l% to l.Od%). The
peak negative pressures at the wing tip were reduced and trailing-edge
separation occurs at the outboard stations for this angle of attack,

o = 20°. The pitching-moment curve at this attitude reversed and indi-
cates a nose-up tendency. Near the meximum 1ift coefficient (fig. 8(f)),
the flow over the wing tip sections and the sections inboard of the area
suction were stalled. .The unstalled wing areas in the region of the
T3-percent span station are sufficiently behind the moment axis to pro-
duce & net stabilizing effect. It is_possible that, if the optimum span
of area suction or greater flow guantities were cobtained, the slightly
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erratic pitching characteristics encountered prior to the stable break
at the maximum }ift would have been eliminated.

Additional increase in spanwise extent of suction (table IIT and
fig. 7) had no appreciable effects on the 1ift characteristics of the
model such as were obtained for the wing with suction spanning the out-
board 38.6 percent of the wing. In the moderate and high lift-coefficient
range, however, the drag coefflcients including the blower power drag
were reduced by 15 to 35 percent. The longitudinel stabllity charecter-
istics were similar to those for the basic wing, with the exception that
the nose-down pitching moments prior to the Instability at the stall,
were not so pronounced. The pressure dlagrams given in figure 9 show
that unstalled flow was maintained over the wing leading edge to high
angles of sttack and that initial separation occurred at the trailing
parts of the outboard wing sections. At an angle of attack of 20° the
model exhibited an abrupt diving tendency. The pressure dilasgrams of
figure 9(e) show that the leading-edge disturbance occurred along the
outboard sections and produced the nose-down condition. Higher angles
of attack resulted in & wing stall similar to that obtained with a large
span leading-edge flap or for the basic wing, that is, stall originating
at the wing tips and progressing inboard.

Chordwise extent of suction.- The chordwise extent of area suction
which produced longiltudinal stabllity at the steall and gave the largest
increment in meximum 1ift was found to be between the zero-percent-
chord station and the l-percent-chord station on the wing upper surface
(table IIT and fig. 10). The investigation of reference 5 showed very
similar resulis with a suction slot located at the one-half-percent-
chord station. The datae of figure 10 show the largest increments in
meximum 1ift to be 0.12 and 0.15 for the l-percent-chordwise configura-
tion spanning 38.6 percent and T7.2 percent of the outboard wing panels,

respectively. Extending the suction surface to the 2%-or 3-percent-

chord stations, upper surface, resulted in maximum 1lift coefficients of
0.08 lower than that obtained for the smaller opening configuration
having the same flow coefficlents. The reduction in 1ift is probably
due to the smaller normal inflow velocitles since the suction-flow
quantities were essentially the same; whereas the chordwise extent of
area suction was increased. Some of the configurations (table III) were
compared on the basis of equal average normal velocities, but these
showed that Cr was approximately 0.06 lower than that obtained for

the smaller opening configuration. Another factor which may contribute
to the smaller increment of 1ift could be the reduced normal inflow
velocities at the region of the peak negative pressure for the larger
chordwise extent of suction &s compered to the smaller chordwise extent
of suction even if the average normal veloclties were the same for both
configurations. The leading-edge surfaces were of a uniform porosity
and the internal suction pressure was of a constant value for eeach
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attitude; therefore, the chordwise inflow velocitles increased as the
open surface progressed further back from the wing leading edge. At an
angle of attack approaching the maximum 1ift, the peak negative airfoil
pressure was at, or very near, the zero-percent-chord station. It has
been previously pointed out that, for boundary-layer control to be effec-
tive, it is of prime significance to apply suction in the vicinity of
the onset of the steep adverse pressure gradient. The results of the
investigation of a sweptback wing at low Reynolds numbers (reference 9)
substantiate the fect that area suction over small parts of the airfoil
in the region of the peak negative pressures would produce the highest
values of (g for given suction-flow rates and less power would be

required to obtain & given maximum 1ift than if area suction was extended
rearwvard on the airfoil. A comparison of the pressure diagrams in fig-
ures 8 and 11 shows the inadequacy of the larger chord area suction at
the highest Cq obtained for eliminating the leading-edge disturbances
over the affected sections. In the region of the T3-percent-span sta-
tion at an angle of attack of 20°, (figs. 8(e) and 11(e)) indicate the
flow to be stalled for the configuration having porous surfaces extending

to the le-percent-chord station. At an angle of attack of 24°, most
2 2

of the wing was stalled for the larger chordwise extent of ares suction;
however, a small reglon of unstalled flow existed at the wing leading
edge between the T3-percent-span station and the wing tip.

In the 1ift range prior to Cp the drag coefficients increased

as the chordwise extent of area suction increased but at CLm the
ax

drag coefficients, including the blower power drag, (regerdless of the
chordwise extent of suction) were about the same as the basic wing drag.

The longitudinal stability charascteristics were similar to the character- v
istics of the basic wing. The configuration which was previously stable,
38.6-percent wing spen, became unstable when the chord of suction was
extended rearward.

Several tests were mede to determine the effects of opening the
porous surface from 0.005¢c to 0.045c wing upper surface and the results '
are shown in table . III and figures 10 and 12. These data show the wing '
aerodynamic characteristics to be essentially unaffected by suction in
that region.

Suction-flow rates.- The improvements in the longitudinal aerody-
namic characteristics of the model with increasing suction-flow gquan- '
tities are similar to the findings reported in references 7 and 8. The
initial application of suction having small removel flow rates resulted
in large beneficial effects on the 1ift, drag, and pitching-moment char-
acteristics. An increase in the suction-flow quantities did not propor-
tionally improve the wing serodynamic characteristics but reached a
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point of no net gains. The effect of increasing the suction-flow quan-
titles from Cp = 0.00067 to Cg = 0.00092 (fig. 13(a)) were negligible

on the lift and drag characteristics of the model with the outboard
38.6-percent span of the wing leading edge porous from the zero to the
l-percent-chord staticns. The pitching-moment characteristics with the
smaller boundary-layer-removal quantity CQ = 0.00067 were stable up

to the meximum 1lift followed by an abrupt unstable condition. The
larger flow rate CQ = 0.00092 produced & longitudinally stable config-

uration at the stall and it is possible that, 1f data were obtained with
greater suctlon quantities, the bresk in the pitching-moment curve prior
to the stall could have been eliminated.

The wing configurations having larger spanwise and chordwise porous
surfaces show large drag reductions at moderate and high 1ift coefficients
(figs. 13(b) and 13(c)). The reduction in dreg, including blower power
drag, was approximately 35 percent in the 1ift range near C; and

for the conditions utilizing very large boundary-layer-removal quantities
the drag coefficients were reduced by more than 20 percent. Although

the blower power drag coefficient 1s directly proportional teo the
suction-flow rate and pressure-loss coefficients, in this investigetion
the flow rate was predominant in determining the power drag because the
rate of increase of the pressure-loss coefficient was not so great as

the rate of increase of the suctlon-flow coefficient. If the porous
material used 1n the fabrication of the leading edges had been less '
dense, 1t is possible that the drag coefficients in the 1ift range prioxr -
to the stell would have been lower than the drag values herein obtained,

including the blower power drag.

The pitching-moment characteristics were improved with increasing
suction~flow rate up to the stall for the wing configurations investi-
gated. A small suction-flow rate resulted in a large Improvement in
the stability characteristics but increases in flow rate did not corre-
spondingly lmprove the stability charescteristics. The unstable pitching-
moment break at the maximum 1ift coefficlent cccurred for all suction-
flow rates with the exception of the configuration employing 38.6 percent-
outboard spen suction from the zero to the 1 percent chordwise statilons.
It is, therefore, apparent that in the present Iinvestigation the longi- !
tudinal stability characteristics of the model near Cgp are closely

dependent upon the spenwise end chordwise extent of the porous surfaces.
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BLOWER POWER DRAG COMPARTSON OF TWO SPANWISE

SUCTION SLOTS AND POROUS SURFACES

The suction power required to induce the flow into a slot or
through & porous surface was calculated from the relationship that the
equivalent drag was directly proportional to the pressure-loss and
suction-flow coefficients. This method of accounting for the suction
power is acceptable if it 1s assumed that the efficlency of the suction
system and the main propulsive system of the alrplane are . equivalent.
The data required to calculste the blower power drag of the model with
leading-edge suctlon slots were obtained from reference 5 and are pre-~
sented herein in figure 14 with similar wing configurations having
porous surfaces. The configurations for which the blower power drag
was estimated are not directly comparable lnasmuch as differences can
be seen in the pltching-moment characteristlcs; however, each configura-
tion represents the best that was obtained in the Investigations. It
should be noted that the power drag as presented in figure 1L is only
applicable to the given conditions and any variation in the geometric
characteristics of either the slots or porous surfaces would greatly
influence the blower power drag coefficients.

The blower power drag coefficients for the smaller span porous
suction configuration were increased slightly with increasing engle of
attack to a vdalue of 0.014% (fig. 14). The larger span area suction

configuration, 0.772% showed a similar iIncrease of Cpp with angle of

attack until a meximum value of blower power drag (0.052) was obtained
at a = 18°. The flow coefficients for the porous surface-wing config-
urations were constant throughout the angle-of-attack range and the
pressure loss coefficients required to obtaein these flow coefficients :
were only slightly influenced by the variation of the airfoil surface
pressures., The pressure drop through the porous surfaces was more than

2 to 3 times greater than the value of the peak negative airfoil pres-
sure. For the suction-slot configurations, the blower power dreg
coefficients varied irregularly with angle of attack. The pressure-loss
coefficients were closely assoclated with the airfoil surface pressures
in the region of the suctlion slots due to the small pressure drop through
the slots. In the high sngle-of-attack range the blower power drag for
the suction-slot configurations was greater than the T7.2-percent and '
38.6-percent-span-area suction configurations, respectively. In the

present investigation, the maximum flow coefficlent for the given con-
figurations wes about 0.0016 and the pressure-loss coefficient was L0.

The maximum flow coefficient encountered for the wing with slots (refer-

ence 5) was approximately 0.035 and the pressure-loss coefficient was 10.

~
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SUMMARY OF RESULTS

The results of the investigation in the langley full-scale tunnel
of the effects of leading-edge suction through porous surfaces on the
serodynamic characteristics of a 47.5° sweptback wing are summarized as
follows:

1. Boundary~layer control, Ih general, improved the pitching-moment
curve below the maximum 1ift coefficient and, for the configuration
having suction spanning the outboard 38.6 percent of the wing span, the
wing was longitudinally stable at the stall; however, the stabllity at
the stall was preceded by some erratic pltching characteristics. The
19.3 percent and 57.9 percent spanwlse suction configurations produced
unstable pitching characteristics at the stall.

2. Of the range of the chordwise extent of area suction and flow
coefficients investigated, stabllity at the stall was obtalned only for
suction between the zero percent and the l-percent chordwise stations
on the wing upper surface.

3. Leading-edge boundary-layer control applied over the outboard
-38.6 percent of the wing span increased the maximum 11£t coefficient of
the model from 0.98 to 1.10 and reduced the model drag, including the
blower-power drag, by approximately 30 percent in the high-lift range.

L. Area suction at high angles of attack improved the 1ift and
drag characteristics. The rate of improvement decreased and the effects
approached a maximum velue as the suction quantities increased.

2. Preliminary calculations indicate that the blower-power drag at
high-1ift coefficients with area suction would be less than that with
the suction slot arrangement previously investigated on the same model
configuration. .

~

Langley Aeronautical Leboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va.
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TABLE I

ATRFOIL ORIFICE LOCATION

Chordwise station
x/ect
Upper surface Lower surface
0] (0]
.005 .005
.010 ) .010
015 .015
.025 025
.0ko .0ko
060 | e
080 | eemee
12060 ] mmema-
170 170
2200 | esaae
. 320 .320
B0 | e
.520 520
b20 | aeemm
720 ' .T20
TABLE 1T

WING AREA AFFECTED BY POROUS LEADING-EDGE SURFACES

Spen of porous Wing aree behind .
~material porous materiel SF %r
(percent b/2) ' (sq £t)
80.7 - 100 32.82 0.145
61.% - 100 T71.10 .315
k2,1 - 100 113.70 .503
22.8 - 100 .. 163.72 - .725
“‘EEE"’
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TABLE IIT

SWMMARY OF MAXTMUM-LIFT RESULTS AND LONGITUDINAL

STABILITY CHARACTERISTICS

NACA RM 1L51X15

ogp::if:: i::::i:i Choriwise c o ml‘ma.x gx_m:: Stability
:(P;::c%n:og?é) (Peizgitigg"rd) : nax | (suction) (deg) Cm egeinst Cr,
Bealed VRPN R — 0.98] —eae 22 ﬂ"
80.7 - 100 0 tol 0.00064 1.00| o0.02 22 —"
80.7 - 100 0tol 00125 W98 e 20 —_—f
80.7 - 100 -52‘= to alé- .00159 .99 .01 22 ﬁ"r
80.7 - 100 12- to 312- .0015 99f .01 22 _\7
80.7 - 100 L to 3L Suction power| .97| -.01 22 g
2 2 failure ——\(/
61.4 - 100 0tol 00067 1.09 .11 23.8 —
61.4 - 100 0tol .00092 1L.10 .d2 -21+.8
v
1.k - 200 0 to 2k .0007 1.00{ .03 22 —
61.4 - 100 0 to % .00123 1.00f .02 22 g
6L.4 - 100 0 to 4 00074 .§9 .01 21 \f“}
61.k - 100 0tolkt .00201 1.03| .05 21.9 —77
1.4 - 100 5 to % .002 1.00f .02 | 22 =
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m

TABLE ITT

SUMMARY OF MAXIMUM-LIFT RESULTS AND LONGITUDINAL

STABILITY CHARACTERISTICES - Continued

osfp::-i: i:f:::ﬁ? €hordwise c ¢ mlm Z‘ ot Stability
from § model loca.:ion Q Limax (suction) Lmax Cp 2gainst Cp
(percent b/2) (percent chord) (Geg)
61.k - 100 0 to % 0.0020% 0.99} 0.01 22 \J‘A
lgi: %61«- 0tol gg%g]é 1.09 A1 2k.9 @
g’f_:i - %51‘ 0 to 1 :ggfg’g 1.08| .10 2k.9 —
ho,1 - 61.k L3 .00288 : o
61.4 - 100 % to b1 .00204 1.00] .02 22 )
Gl | owi o || s 238 | ——
22.8 - 6Lk 0tol :ggﬁg 105} .17 § 2T —
22.8 ~ 6L.h 0% 1 .00093
61.% - 100 0 to 2 .00083 1.09| .13 | 218 ——N
22.8 - 61.4 0tol 00191
61.% - 100 0 to 2 00165 i.12 -1k 22.8 _N
g:i - ]6_2;51‘ 0 to 2 :0000680093 1.06 .08 21.9 —
gii : %61;- 0 to 2 :ggig 1.14 .16 22.8 ——
22.8 - 61.4 0 to 2 .00266
614 - 100 0 to 3 .0020L 1.13] .15 22.8 —_—3
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TABLE IIT

SIMMARY OF MAXIMUM-LIFT RESULTS AND LONGITUDIRAL

STABILITY CHARACTERISTICS ~ Concluded

NACA RM L5I1K15

of povons meterial (hoxdulse Cq ¢ | “nex gLn:: Stebility

RS e e et A
gi:i - Gk 0to 3 0:830]'918 1.05 | owo7 [20.9 —
22.8 - 614 0 to 3 00269 1.5 | 27 |22.8

. . —\N
Ghote | onm A R g
EhI%e | shh ops |z | b @0 | ————
EhIie | ow % ooy |03 | 03 |20 \y
Efji - %{,h 0 to % ;38253,-’; 1.13 | .15 22.8 \N
20050 (928 | 82 || o |me | =g
ahihe |end | X |e| e |me ) ———=x
22.8 - %Oh 0 to 6 o 1.02 | .0k (229 —
22.8 - G4 0 to 6 :ggg;”s; 110 [ .12 |20.8 ==,
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Wing area 22598 sq ft
Aspect ratio 34
Taper ratio 0.51
Airtoil sectlon NACA 64/All2
Root chord 10.8 ft
Tip chord 55 ft
T 8.78 ft
434"
T—— ]
e _____j_'_____-
S RACA

Figure 1.- Three-view drawing of a 4#7,5° sweptback wing-fuselage combina-
tion with boundary-layer control.
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Figure 2.- Three-querter front views of the 47.5° sweptback wing boundary-
layer-control model mounted in the ILangley full-scele tunnel.
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Fuselage &
i a

0.772 b/2 —*

0.579b/2 —*
-‘ 0.386 b/2 [—

{a)

A‘ e 0.193 b/2

Porous material
y—.—é 0.08¢c, ——— )

(b) Enlarged view of section A-A

Flgure 3.- The location and detail dimensions of porous leading-edge

gurfaces,
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Figure k.- Porosity characteristics of metal filter cloth.
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Pigure 5,- Longitudipal aerodynemic cheracteristics of the 47.5° sweptback
wing-fuselage combination, Porous surfaces sealed. R = 4.4 x 10°.
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% 4 2 < 2y/b=Q73
g
2
g 2y/b=053
g
&
2y/b=034
10 ~E

Chordwiss  stofion, xA'

(a) o = 10.6°.

Figure 6.~ Airfoll pressure distribution over a 47.5° sweptback wing.
Porous surfaces seasled. R = 4.k x 100,
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at

2y/b=093

jP T 2y/ b=Q73

Airfoil pressure coefficlent, P

2y/b=053

2y/b=034

4 6 B 10

Gho.rdwlse stafion, x/¢'
(b) o = 1k, 4°.

Figure 6.- Continued.
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pressure coefficient, P

Airfoil

CoONn——
NACA RM I51K15

N N 2y/b=093
roy T 2y/b=073
2y/b=053

2y/b=034
K i0 W
Chordwise  station, x/c'

(¢) a = 16.2°,

Figure 6.- Continued.
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-0

2y/b=093

2y/b=Q73

Airfoil pressure cosfflcient, P
)

2y/b=Q53

o™ S——s— 2 —/2y/b=034

Chordwise  stafion, x/'

(d) o = 18.1°.

Figure 6.- Continued.
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Airfoll pressure coefficient, P
&

NACA RM I51K15

s - _2y/bx093
. 4
e < 2y/bx0T3
— 2y/b=053
== ~2y/b+034 | |
Chordwise  station,  x/c'

(e} a = 20°.

Figure 6.- Concluded.
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Figure T7.- Effect of spanwise extent of suction on the longitudinal aero-
dynamic characteristics of a 47,5° sweptback wing-fuselage combination.

R = 4k x 100,
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NACA RM I51K15

2y/b=093

a.
ot T e—a
% -af s < — 2y/b=073
8

q
g—z 1 oy —+H— 2y/b=053
5 ,

) : = = e & 2y/b=034

- 2 a4 ’ [ ' 8 ) ‘H‘nin,rf
l Chordwise  station, x/c' .

(a) o = 10.6°.

Figure 8.- Airfoil pressure distribution over a 47.5°
with suction.

R = b4 x 106,

sweptback wing

0.386121(0.611L - 1.00%); Oc to 0.0lc; Cg = 0.00092;
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Airfoll  pressure coefficlent, P

4 6 8
Chordwise  stafion, x/c' Py

(b) a = 1h.4°;

Figure 8.- Continued.
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Figure 8.- Continued,
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42-
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Figure 8.- Continued.
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r
)8
42 , r
8 41
o - . 2y/b=093
o h
L > .
I \d_q-——q—————?;':'? A 2y/bmuf
-2f : 0\:\;?\”\‘?\\ 2y/be0:53
OT f—&.zm 8 10 By SNACA

Chordwise

station,  x/c'
(e) o = 20°.

Figure 8.- Continued,.
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Figure 8.- Concluded.
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Figure 9.- Airfoill pressure distribution over a 47.5° sweptback wing
with suction. 0.772‘%(0.228 - 0.611%, Cq = 0.00186; 0.61k4 - 1,008,

Og = 0.00126 ); Oc to 0.0lc; R = k.k x 106,
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Figure 9.- Continued.
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Figure 9.- Continued.
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Airfoll  pressure coefficient, P
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Figure 9.- Continued.
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Figure 9.- Concluded.
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Figure 10.- Effect of chordwise extent of suction on the longitudinal
aserodynamic characteristics of a U7.5° sweptback wing-fuselage com-

bination. R = bk x 10°.
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Figure 11.- Airfoll pressure dlstribution over a k7,59 sweptback wing
with suction. 0.386%(0._611+ - 1_.003); Oc to 0.025c; Cg = 0.00123;

R = 4.b x 1206,



NACA RM 151K15 . L7

_ 3
&
]
3
11
-8, .
i :
a 9
g L ! 2y/b=093
§ 3 F ;
H_.L \N\Q\e\
£ i ;
g—z 2y/b=053
o — — - : 2y/b=034
B PEmme—t——esS oY ~FEE
[_ Chordwise  station, x/c'

(b) a = 1k, 4°,

Figure 11.- Continued.



) | NACA RM I51K15

2y/b=093

]
[+2)

Airfoll  pressure coefficient, P
L

; — s 2y/b5034 . _ _ _
R N A 8 T

[ " Chordwise statfon, x/¢'
(c) o = 16.2°.

Filgure 11.- Continued.



TA NAGA

-0p

6,

]
A

Alrfoll  pressure  coefficlent, P

\J .
N

RM I51K15

2y/b=093

(o]

L

f = A
<& S .
W 2y/b=Q73
2y/b=0.53
v 3 — 2y/b=034
&\\,————Q-Z——"T- 4 6 =8 0 - . W

Chordwise  station, x/c'

(d) o = 18.1°.

Figure 11, - ‘Contiﬂuéd..



50 NACA RM I151K15
Jl
12f |
Y
g
=10} |-
s | A
o
.8F &
> \\M;
£ A A A |
2y/ba 093
§-4 yos 5 = S 2y/b=0Q73
~ i ~
oK . e — 2y/b=053

2 4 6 s 10

Chordwise  sfation, x/c'

O

(e) o = 20°.

Flgure 11, - Continued.



RACA RM IS5IK15

Airfoll pressure coefficlent, P
o

. 51
)
p
<; A—. A v, A N Y
) . N 2y/b=093
u H\’P’_‘\ d
| O——C—— < -0
—~ - r — 2y/b=053
Ofy — — - . 2y/b=034
0 : 2 4 6 8 10

Chordwise  station, x/c'

(f) a = 24°,

Figure 11.- Concluded.



52 . : - NACA RM L51K15

. 2y/b=093
- 2y/b=073
g
§
o 2y/b=053
=
a
g
g 2y/b=034
0 2 4 6 8 10 :
- Chordwise  sfation, x/c' %G

(a) o = 10.6°.

Figure 12,- Airfoll pressure distribution over a 47.5° sweptback wing
with suction. 0.386%(0.611; - 1.00%); 0.005¢ to 0.0k5c; Cq = 0.0020k;
R = 4.4 x 106,
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Figure 13.- Effect of guction flow rates on the longitudinal aerodynamic
characteristice of a 47.5° sweptback wing-fuselage combination.

R = b4 x 106,

BG

CTITET W VOWN

9




w2 40 by =G4 —
4 " _gé Omanpud = ot i sl %
fif 8 20 e .
.," % L Plch
3 s &3
GD g g Ll 0 o f-—p——
o f . | Ly ]
¢ A & :c? '042 T
! Z 8 oo —+
| s . B 2 i e e ﬂ)—tﬁ —4—g
OFe 52 ol | |
0O 4 8 2 16 20 24 28
1.2
8 A ' whve  %e
¢ P E ? Basio wing
) y — —o228-6l4 01 .0009]
° ! . g o 5
% th : ~--~a22B-6l4 O-| .00IS
4 o H L, 6400 00080
al 1| —-—0228-6l4 0-1 00196
2 N 84100 0023
a bi lal 1L
OZ A HID
2 16 20 24 28 M 0" 0 0 0 04
a, deg Crm ‘:E@;‘-

(0) 0-772%; Oc to 0,0lc,

Figure 13.- Continued.
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