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By Gerald M. McCormack and Woodrow L. Cook

An investigation has been conducted to determine the benefits
obtainable by applying bow-Zatyer control to a 45O swepfforwamd
wing-fuselage mmibination. Force and pressure-distribution data were
obtained with and without boundary--layer control with various co&i-
nations ofleading-edge and trailing4dge flaps.

The results showed that with suction e.pplied,for a flow coefficient
of 0.012, the occurrence of separation was postponed from a lift coef-
ficient between 30 and 50 peticent of the maximum to a Hft coefficient
between 78 and 93 percent of the maximum. As a result, improvements
were effected in the longitudinal characteristics in the high-Lift-
coefficient range. Aerodynamic--center  travel W&B reduced to an insig-
nificant amount until just prfor to maximum lift (in contrast to a
rearward movement follmmd by a forward movement when suction was not
applied). Drag coefficients were reduoed in the high-lift-coefficient

' range by as much as 56 to 62 percent (dependent upon the configuration)
when suction was applied.

The most effectual location of the auction slots was found to be
at the wing-fuselage juncture over the forward part of the upper surface
of the wing: Thus, for the plain wing, the forward edge of the slot
coincided with the leading edge of thewing; and, for thewing witha
leading-edge flap deflected, the forward edge of the slot was located
opposite the hinge line of the flap.

.
Pretious investigations of highly swept wings at moderate and high

lift coefficients have shown that undesirable characteristics are cause2
by separation occurring relatively early over the outboard area of swept-
back wings or the inboard area of sweptcforwerd wings. Sime this
eeparatfon pattern is, to a large &ent, the result of the spamise flw
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of the boundary layer, it suggested that the application of boundary-
layer control might yield substantial improvements in the charaoterc
ietios of highly swept wings. Accordingly, research was undertaken to
determine the improvements obtainable by applying boundary-layer control
to a 45' swept-forward wing.

1

Fundamental flaw studies were first made to determine the underlying
causes of the faulty characteristics of the 45O swept+foJward  wing and
provide a groundwork for applying boundary-layer control. The results of
these studies were reported in reference 1. It was shown that at a
moderate lift coefficient (CL 2 0.55) the aerodynamic center shifted
rearward (from 0.26T to 0.43c), the drag inoreased  at a rapid rate, but
no lift was 108-t. These ohanges were attributed to turbulent separation
over the trailing edge of the inboard sections of the wing. Withina
short lift-coefficient range (CL = 0.75) the aerodynamio  center shifted
rapidly forward (from 0.438 to d.O5=), the drag inoreased at an even
faster rate, and the lift-ourve alope began to decrease. These changes
were the result of separation fram the leading edge. Ichue, although a
form of turbulent separation occurred first, the primary cause of section
stall and of the more serious of the undesirable wing oharacteristics  was
a relatively abrupt separation.from the leading edge.

Since it is possible'to control leading-edge separation to a
oonsiderable  extent by modifying the contour of the leading edge, an
investigation was next made to determine the extent to which lead3ng-edge
separation could be delayed by means of various modifications. The results
of-this inveetigation  were reported in reference 2. Itwas found that a
plain, full-span, leadwdge flap delayed the occurrence of both leading-
edge and turbulent eeparation.

Separation still occurred, hwever, at a moderate lift coefficient.
Therefore, in order to improve further the characteristics of the swept-
forward wing, boundary-layer control by au&ion was ahplied through slots
variously located in the wing and fuselage of the 45’ swep+-forward wing
which was mounted on a fuselage of fineness ratio 10. The results of
this investigation conducted in the Ames &&by 804oot wind tunnel with
the same large-ecale  vi% previously used are presented herein.

COEFFICIENTS AID SYMMXS

!lhe data are presented in the form of standard INCA coeff iofenta
and symbols, which are defined in the following tabulation:

-
a mean-line designation m

a.0. aerodynamic center measured in percent chord aft of leading edge
of themeanaer&ynamic chord .
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pitahing+cument coefficient pitching moment
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flow coefficient &
0

free-stream static pressure, pounds per square foot

local static pressure, pourxls per square foot

pressure coefficient
(Pi- '>

free-stream dynamic pressure, pounds per square foot

quantity of flow at free+tresm conditions, cubic feet per
second .

Reynolds number

wing area, square feet

maximum thickness of looal section, feet

freHtream velooity, feet per second

o~ordwise coordinate parallel to the plane of symwtry, feet

spanwise coordinate perpendicular to the plane of symmetry, feet
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z vertical coordinate to airfoil contour perpendicular to chord
line, feet

a angle of attack of chord plane of basic wing, degreea

Sf angle of deflection of split flap, poeitive downward, degrees

s, angle of deflection of leading-edge flap, positive
dmard, degrees

V kin-tic viscosity of air, square feet per second

MODEL

The geometric characteristics of the 45O swep-trforwerd wing-fuerelage
comibination are ehown in figure 1. The quarteMhord line wag swept
forwerd 45’, the aspect ratio waa 3.55, and the taper ratio wae 0.5.
There was no twist, inoidence or dihedral. The wing sectionf3 were
constant across the span and were NACA 64lAll-2, a = 0.8 (modified)
sections perpendicular to the qua&e-hord line.

The blower used for supplying suction wee housed in the fuselage.
For a01118 of the teata,an extension was added to the exhauetipipe  diffuser
in order to decrease the exit losses and, hence, to enable higher flow
quantities to be obtained. A photograph of the wing-fuselage conibination
mounted in the wind tunnel is &own in figure 2.

.

.

.

The flap arrangements  used on the model are shown in figure 3. The
wing was equipped witha full&pan leading-edge flap and a ptial-epan
trailing-edge flap. Iheleading+eflapwas  hingedaboutthe 12.5
percent-chord line (of sectiona perpendicular to the quarter-chord line)
on the lower surface of the wing. The traneition surface between the
upper surface of the flap and the wing when the flap waa deflected had
a radius of curvature equal to the radius about the hinge line. The
trailing-edge split flap was a O.w-tipan  flap hinged about the 82.2-
percentrchord line (of eectiona perpendicular to the quarteMhord line)
on the lower surface of the wing.

The principal elots used for boundary-layer control in theee teata
were cut in the aide of the fuselage at the juncture of the fuElelage and
upper surface of the wing. The wriou8 configurations of these slots
are ehown in figure 4. Other boundary-layer control slots and devices
that were tested are shown in figure 5.

Pressure orifices were poeitioned over the upper amd lower surfaceB
of four stre&ee sections. They were located at 20.9 percent, 28.1
percent, 57i4 percent, amd 85.0 percent of the eemiapan. The chordwise
positions are tabulated in table I for the two leading--edge oonfiguratione.

.

.
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Forde tests, presaureitietiibution measurements, and tuft studies
were mde through the angle-of-attack range at zero sideslip. The data
were obtained mainly at an airspeed of 63 miles per hour, oorresponding
to a Reynolds mmiber of 6.1 x 10s, although some tests were made at an
airspeed of ll0 miles per hour (R = 10.6 x lo=). The tests were made
at a relatively low speed in order to obtain higher flou coefficienta for
the boundary-layeMontro1  inve8tigation.

Standard tumel-xsll corrections for a straight wing of the same
srea and span as the Bw8ptcPOIWard wing have been applied to angle4f-
attack and drag-coefficient data. This procedure wan followed since a
brief analysis indicated that tunnel-wall corrections were approximately
the same for straight and swept wings of the sfze under consideration.
The corrections are as follows:

The data were corrected for drag tares. The drag data for the tests
nit& auction applfed were, in addition, adjusted so as to give the same
tin-l drag for those data as for the base data. This was done since
data necessary for computing the net thrust of the blower were not
Obtai.Iled. Table II gives the increments of drag for each drag-coefficient
curve. *.

Pitching-nt tares were not applied sinoe they were not lmown
with sufficient accuracy to warrant application. Indications are that '
they are not of sufficient magcitude to affect mateMaU.y the reeults of
this report. The pitching-mcanent curves on all tie force teats were
adjusted to have approxiz!ately neutral stabiuty at the lower lift coef-
ficients to enable better cozqsrison between the data. Table II shows
the point about which the moments were taken to give neutral stability
In the Une-ar portion of the pitching+nomnt curve for each of the
curves.

RESUL'ISANDDlSCXlSSIOl'?

The form of boundary-layer control primarily used was that suggested
by the results of reference 1. It was shown that the outboard sections
of the swept-forward wing attained considerably higher masimm lift
coefficients than the inboard sections. Thie was the result of qanwise
flow in the boundary layer by which boundary-layer air was drained off
the outboard area, but accumulated over the inboard area; in effect, a
natural system of boundary-layer control exieted for the outboard
sections. It was deduced that, if this natural system of boundary-layer
control could be extended so as-to affect the entire wing instead of
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only the outboard eectioqthe maximum benefita might be obtained for
the least expenditure of power. Accordingly, suction slots were incorpo-
rated in the region of the wing-fuselage juncture in order to prevent the
accumulation of boundary layer over the inboard area.

In the following discussion,the  effects of suction applied at the
wing-fuselage juncture will be discussed in regard to the force data
(showing the over--allresults)  and the pressure-distribution data

the flow conditions over the wing). The effects of various other
(showing

locations of boundary-layelccontrol slots will then be briefly described.
Lastly, an evaluation, in terms of flight &rformance, of the benefits
that can be obtained by applying boundary-layer control in such a manner
will be made.

Force Data

Basic characteristics.- The characteristics of certain basic
configurations were determined before boundary-layer control was applied.
These included the wing alone (from reference 1) to provide a base for
evaluati'w the effect of a fuselage; the wing--fuselage ccraibination;  the
wing with a full-span leading-edge flap deflected 30° down, which was
shown In reference 2 to offer substantial delays in the occurrenoe of
leading-edge separation3 the wing with O.-pan split flaps; and
various oonibinations  of the foregoing. A summary of the results follows:

configu- CLBep= & Refer to figure
ration nuniber

.

lcLsep is defined aa the lift coefficient at
which either form of separation, turbulent
or leading-edge, first ocourred.

Note:

A. Wing alone
B. Win-fuselage combination
C. Wingalo~withfull-epanleadi~4dge  flap

deflected 30° down
D. Wi*fuselage ombinationwith  the full-span

leading-edge flap deflected 30° dam

.
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L. Wing-fusel.ag8  comibination with the half-
span split flap deflected 60' down

F. Wing-fuselage ccmibination with the full-
span leading-edge flap deflected 30'
downand thehalf-epansplitflap
deflected 60° down

The effect of the fuselage on the plain wing was to lower the first
occurrence of sepssation from a lift coefficient of 0.49 to a lift
coefficient of 0.35. Moreover, with the fuselage on, deflecting the
leading-edge flap caused no significant delay in the oocurmnce of
separation as it did on the wing alone. Deflecting the lead.iq+sdge
flap, however, increased the msximm lift coefficient from 1.12 to
1.29. With the split ftips deflected, a higher value of lift coefficient
was reached before separation oocurmd (%sep was incmased from 0.35 to
0.50 without leading-edge flaps and from 0.39 to 0.72 with leading-edge
flaps), end alao a higher maximm lift coefficient was attained.

Effect of suction through the most effective slots.- The effect of
suction slots located over varfous regions of the wing and fuselage
(figs.4 and 5) showed that by far the most effective region to apply
suction was at the wdng+fuselage juncture over the foPward part of the
wing. (The detailed remits of these exploratory tests will be described
later,) For the wing with no deflection of the leading--edge flap, the
most effective slot, either with or without split flaps, was an opening
15 inches long by 10.75 inches high with the forward edge coincident
with the leading edge of the wing (fig. 4). With the leading--edge flap e
deflected, the most effective slot was an opening 24.5 inches long by
4.5 inches high with the forward edge at the beginning of the transition
between the leading4dge flap and'the body of the wing (fig. 4). A
summary of the results with these two slots follows:

configu-  C& c,rurC4ro-I ~Elep  CL,, Lx%Qax Refer to figure
LrA, v-L"- I I t 1 number
B lo.oxxI 0.9 i 0.57 1 1.18 t 0.06 10

1 D I .ol25 t 1.231 .84 1 1.4-O 1 =.ll 1 Ill
E .Oll_S 1.14 .64 12
F .ol21 1=39 -6’1 13‘ I .

Note:
B. Wing-fuselage combination, 15-dnch by lO.mrxh slot
D. Wing-fuselage ocmibination with the full-span leading-e&8

flap deflected 30° down, 24.mch by k.+iuch slot
E. Wing-fuselage ccanbinationwith the half-epansplitflap

deflected 60~ down, l>inch by lO.i'Z&nch slot
F. Wing--fuselage canibinationwiththe full-spanleading-edge flap

.beflected 30° down and the half-span split flap deflected
60° down, 24.+inch by 4.>inch slot
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The primary effect of applying suction to any of the configurations
was to delay the occurrence of separation from a lift coefficient which
was between 30 percent and 50 percent of the maximum to a lift coef-
ficient whiuh waa between 78 and 93 perqent of the zmximum. The maximum
lift ooefficient was increased only a small amount. (For these tests the
maximum power input to the blower was approximately 300 hp.)

As a consequence of delaying sepration, substantial reductions were
effected in drag coefficients and aerodynami c-center travel (figs. 10, 11,
l-2, and 13). The maximum reductions in drag coefficient were between 56
and 62 percent, dependent upon the configuration. For all configurations
with flaps deflected and suction applied, aerodynamic-center travel was
insignificant until just prior to the attainment of maximum lift coef-
ficient; this was in contrast to the excessive rearward and forward
shifts without suction. Thus, it ie evident that considerable improve-
ment can be obtained by applying auction at the wing-fuselage juncture.

Effects of slot location.- Tests were made to determine the effects
of the slot location'on  the wing with the full-span leading4dge  flap
deflected 30'. Owing to the characteristics of the blower equipment used,
the alot area and, hence, the slot length for a given width could not be
decreased below a certain minimum.

Startingwitha  l.>inch-uide slot extending fromtheleading  edge
to 82.5 percent of the local chord (fig. 14 (a)), it was found that no
detrimental effects resulted from closing part of the slot forward of
the junctionbetweentheleading~dgeflapandthemainpart  of thewing.
Likewise (fig. 14(b)), no detrimental effects resulted from closing the
rear part of the slot from a length of 114 inches down to the minimum
length of 32 inches.

When the slot width was increased to 3 inches (fig. 15), there was
an improvement  in the wing characteri8tice, commred to those with the
l.>inch slot, due to the increased flow quantity. Ro significant effects,
however,,resulted from cloeing the aft part of the slot from a length of
42 inches down to the minimum of 24.5 inches.

When the slot width was increased to 4.5 inches (fig. 16), there waa
again, due to the increased flow quantity, an im$rovement  in the wing
characteristics. A slight detrimental effect resulted when the slot
length was deoreased from 24.5 inches down to the minimum length of 18
inches.

Fram the foregoing it is clear that the effective part of the slot
is a relatively small region over the hinge line of the leading-edge flap.
It wae in this region that, without suction, separation first occurred.
It can, therefore, be inferred that for other configurations the slot
should be located over the region at which the leading-edge type of
separation would first occur. Thus, for the tests in which suction was
applied to the wing without the leading-edge flap, the forward edge of .
the slot was located at the leading edge of the wing.
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Pr888~8 Distributions

9

t

The results of the tuft studies (fig. 171, which were shown in
reference 1 to be closely related to the pressure distributions, give a
general picture of the effect of suction on flow conditfons over the
Wing. In contrast to the slow progression of sepamtionwhich  started
at a icw angle of attack (ac6.38) without suction, when suction was
applied there was no evidence of separation until an angle of attack
greater than 20.9O was reached.

Pressure distributions for various configurations of the swept-
forward wing with and without suction exe shown in figures 18, 19, 20,
and 21. A comparison is made in figure 22 of the pressure distributions
with and without suction for a typical section, the streamwise section at
20.wercent s&span. Without suction, at an angle of attack of 16.70
the pressures were not recovering normally to the traKUng edge, and the
negativepreseurepeakatthehInge  line of theleading-edge  flapwas
beginning to deorease. With suction applied, oomplete pressure recovery
was obtained up to angles of attack of about 18.8O. At about 18.80, the
suction peek over the upper eurfaoe opposite the hinge line of the
leadingedge flap began to decrease, dndicating that local separation
was occurring over this area but apparently was followed by reattached
flow. At angles of attack above 2O.9O, the suction peek at the leading
edge began to decrease and the section began to lose lift.

The influence of both the natural spanrise boundaq-layer drain and
the boundary--layer control exerted through the slot at the wing-fuselage
juncture can be seen in the sectfor+lift characteristics (ffg. 23) which
were obtained by integrating the pressure distributions. Without suction,
the mximum section-lift coefficients varied from 0.96 at 20.+=percent
semispan to 1.75 at 57.4-percent semispan. This, as discussed in
reference 1, indicated that boundmy layer was drained off the outboard
sections and enabled these sections to attain considerably higher lift
coefficients than could be obtained by the same section in tw&tiensional
flow. The inboard sections, however, owing to the accumulation of .
boundary layer, had mRrlrmnn lift coefficients t&&were mch lower.

With suction applied, the stall of the section at 2O.wercent
semispan, however, was delayed from an angle of attack of about 14.5O to
an angle of attack of about 20°. This corresponded to an increase in
mximm motion lift coefficient from 0.96 to 1.56. Thus, the application
of suction enabled this inboard section to attain about 62 percent more
lfft. The stalling angles and msximum lift coefficients of the outboard
sections were not greatly changed.

From the foregoing it is evident -that if suction is applied at the
wing+fuselage juncture in such a manner as to prevent the accumulation of
boundary layer over the inboard area, separation over tie inboard sections
will. be delayed and a postponement of separation over the entire wing
will result.
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Other Systema of Boundszyayer Control

MACA RMA9KC2a

Tests were made with various slots distributed along the span of the
wingamiinthefuselage. Figures 24, 25, and 26 show the results of
applying suction through the single slot that gave the best results a.nd
through a conibination of all slots of the aam series. Shown also in
figure 26 are the effects of boundary-layer skimmer plates which were
intended to prevent any possible deleterious effects which might result
from a combining of the fuselage boundary layer with the wing boundary
layer. It is apparent that these systeme of bomdary-layer control are
ineffective.

Effects of Boundaryayer  Control
on Airplane Performmoe

An analysis haa been made to determine the improvaments in flight
performance (as contrasted to the improvamenta in longitudfnal  stability
previously discussed) that are obtainable by applying suction at the
wing-fuselage juncture of an airplane having a 45O swept-forward wing.
The longitudinal ChaI73CteriStiC8 of the airplane, with and without
suction, were taken to be the same as those obtained for the test model.
The airplane was assumed to be powered by two turbojet engines having
static thrust ratings of 4000 pounds each;1 wing'loadinga  were assumed to
be 75 pounds per square foot for take-off and 45 pounds per square foot
for landing.

The suction required for the boundary-layer oontzolwas aasunmd to
be supplied by the ccmpressors of the turbojet engines. !&is would
require that a portion of the intake air for the turbojets be drawn from
tibe high-velouity region over the upper surface of the Wing. There is a
question whether or not drawing off intake air in such a mannerwould
lower the performam e of the turbojet engine since losses in ram pressure
would likely result. Judging from these tests, however, the losses would
appear to be quite small. With the crude ducting used in these teats, a
pumping pressure ratio of 1.07 waa required; furthermore, the air flow
mquired for boundary-layer control (approximately 30 Ib/seo) would
constitute only a portion of the total inlet air for the turbojet engines
(approximately 14.C lb/set). In the following analysis, therefore, turbojet-
eDghX3 perIfoIm3ance wan aSt3UtMd t0 b8 the same either With or WithOUt
boundary-layer control.

The performanoe  items affected by applying the kindof boundary-layer
control diauussed herein are those at high lift coefficients: &kg-off
and climb to 50 feet, and landing approach and la&Lug. Other perfomance

lNet thrust was computed by using the procedure and charts given in
reference 3. Preesure losses in the duoting systemwere assumed to
be 0.15 of the inlet velooity head.
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items - rate of cl-, ceiling, mnge, maxImum speed -are unaffected .
since they occur at relatively low lift coefficients before signfficant
amounts of sepaxxtion occur over the wing.

Based on the presupposition that no sfgnificant amount of separation
over the wing can be tolerated during flight,2 the low4p88d performance
of the airplane with and without boundary-3ayer control can be cmpared:

Flight condition
Take-offl

Take-off speed, miles per hour
Ground-mu distance, feet
Distance to clfnib to 50 feet,

302 170
14,390 4,020

feet
Total distance, feet

Land-

1,710 960
16,100 4,980

Approach speed, miles per hour 265
Sinhing speed, feet per second 3’c
Contact speed, miles per hour 169

NO

I

Suction
suction applied 1

1
'The leadiug4dge flaps 8x8 deflected for takeoff. !ikke-

off is assumed to be made at a speed 10 percent gmater
-Ehantheminimm. Ground-m distance was calculated by
the mathod of reference 4; distance to climb to 50 feet
by the method of reference 5.

2!Iheleading4dge  flaps are deflected for the approach; both
leading4dge and split flaps me deflected for lsnding.
Following the flndings of reference 6, aDroach speed is
assumed to be 25 percent greater than the minimm speed;
ground contact is assumed to be made at a lift coefficient
which is 85 percent of the maximum. Rote that the maximum
petissible sinking speed, according to reference 6, ia
25 feet per second.

It is evident that large inqrovements  can be obtained in low-speed
performance by applying boundmy-layer control. These, of course, are
in addition to the improvements in longitudinal stability.

'If separation were tolerated over the wing, all item of low-speed per-
formance could be considerably Improved due to higher lift coefficients
available and, conmquently,  lower flight epe8ds. This involves
oonsiderations,  however, such as longitudinal stability and oontrol
which are not within the scope of this discussion. Hence, comparisons
are limited only to flight conditions for which there would be no signif-
icant amount of separation over the wing. Accordingly, the maxim
usable lift coefficient is taken to be the lift coefficient at which
separation begins to cause appreciable change in force characte~istios. ,
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The results of a wind-tunnel investigation oonduoted to determine
the beneffta obtainable by applying boundary-layer control to a 45O
sweptrforwszd  wing-fuselage mmibination are mmmsrized as follows:

The occurrenoe  of sepamtion over the wing was delayed subs-tar+
tially by applying boundary-layer control. With no boundary-layer
oontrol, separation occurred at a lift coefficient that was between
30 and 50 percent of the -imum, dependent upon the configuration.
In contrast, with boundary-layer control, separation did not occur until
a lift coefficient between 78 and 93 percent of the mximum was reached.

Corresponding improvements in the longitudinal charaoteristics
were obtained. Aerodyrm&c-center  travel was reduced to an insignificant
smount until just prior to the attainment of maximum lift, in contrast
to the rearward followed by large forward movements of aerodynamic
center without boundary-layer control. Drag coefficients were reduced
by as much as 56 to 6e percent, dependent upon the configumtion. The
maximum Mt coefficients were not greatly increased.

The most effectual location for suction slots for boundary-layer
control on the 45O swept-forward wing was found to be at the wing-
fuselage juncture over the forward part of the wing: Thus, with no
leading-edge flap, the forward edge of the slot coincided with the
leading edge of thewing; and, with the leading-edge flap deflected, the
forward edge of the slot was located at the beginning of the transition
between the flap and the wing.

Ames Aeronautical Laboratory,
National Advisory Committee,for Aeronautics,

Moffett Field, Calif.

.
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TABLF41

LOCATIOIH OF PRESSURE OlUFICZS

Plesinting Leadime f&p
deflected 30° down

Orifice tTpper Lower Upper Lower
number surface surface eurfaoe surface

percent percent percent percent
chord chord chord chord

1 0 - - 0 - -
2 -25 0.25 .06 0.38
2 1.0 95 1.0 -5 023

.g
1.22 -67

5 1.5 1.5 1 . 0 l-75

‘: 2.5 2=5
8 g:,’ $05

2.66 1.02 2.79 3.8
3.95

9 7.5 7.5 6.14 57’;:
10 20.0 20.0 8.36 10:17
11 30.0 30.0 10.75 15.0
12 40.0 40.0 13.25 20.0
2 zx . zx . 15.0 15.88 40.0 30.0

15
CE 2x

20.0 50.0
16 30.0 60.0
17 go.0 go.0 40.0 70.0

18 97.5 97.519 -- -- z*: 00*o
20 - - - - p:o z:;
21 - - - - 80.0 - -
22 - - - - go.0 - -
23 - - - - 97-5 - -
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L!7
300 hp axiai-
flow blower‘i

\,I
I
I
I

Addit/onnd
d/ffuser

345.48
Aspecf  ratio 3.55

Q5
O0
O0

Figufe  1. - Geomeffic  churucfefisf/cs  o f  fhe 4 5  O
swept- fofwufd  wing- fusehge combhution.
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- .558&L2-

\

\

\

Figwe 3. - F/ap afrungements used on fhe 45O swept-forward

wing-fuse/age combhution  .
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S/of \ J--y* 0°’

10.7%by/S-inch suction slot for phin wing section

Length varied from f8.00” to 42.00*
Height varied from 3.00” to 4.50”

-

3-omd4.5in& suciion s/o& tlr wing witi
/eotfing - edge fkp .

sYot7 r L @~gth vor/ed from 32.00” to 124.00 ”\ //.so’f-J T-7’p-,50.00”
/.SGnch suction s/o& for wing with leading -edge
flop

-557

Figure 4. - Sucfion s/ofs at fhe wing-fuse/age juncfure  used
for boundary-/uyer  conffoi on the 45” swept-forwuftt  whg-
fusehge  combinufion  .
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.38Oh4?

.26Ob&

. I38h4?

Lea&g-sdge flap

.16Ob/e

.t78b&

. /36&&ZI-i
Q

F-&e

suction dots nofmaf
to 0.25 chord line

Sucfion s f o f s  normaf
to windsffrem

3.0.4 73.51’4cSo’

Annular  suct ion s lots  in  fuselage

23

Sect/on A -  A
IEnfcfgedl

Boundary-fayer  p/ate

F&we 5. - Miscehmeous  types of ~oundufy-/cryer con&o/ de&es used on s
fbe 45” swept- forword wing- fushge combhution .
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figure II .-7% efhts of suction t&o@ the .?4.5-by4.5-ihcf1 slot ova lhe hn#uhul charoc-
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Lksfkgged  8ymbok iidkute
wef swfke

Ebgged qrtbok h!!ate
/aver Mace

Gikmlvtse sk7iYon,  A&

.Siocrrnvrse
*tin,?@
20.9%

(0) CPOJ”.
v .

figure /8 .-Chordwise  pressure  di~r/;bMs  for fhe 45”
swept - fofward  whg- fuseage Cotmbinuf/bn  . hyndds
m&w, D,600,000.
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(b) a= 6.3”.

f7gure  187 Confhxmf  .
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figure 18 .- Cmtihued .
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figure 18 .- Confhued .
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figure  18 .- Cmfhued.
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(e) a = /6.7”.

figure 19 .- Conthueed.
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