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EFFECTS OF BOUNDARY-IAYER CONTROL ON THE LONGITUDINAL
CHARACTERISTICS OF A 450 SWEPT-FORWARD
WING—FUSELAGE COMBINATION
By Cerald M MecCormack and Woodrow L. Cook

SUMMARY

An investigation has been conducted to determ ne the benefits
obt ai nabl e by appl yi ng boundary-lsyer control to a 45° swept—forward
W ng- f usel age combination. Force and pressure-distribution data were
obtained with and w thout boundary--layer control with various combi-—
nations of leading—edge and trailing—edge fl aps.

The results showed that with suction applied,for a flow coefficient
of 0.012, the occurrence of separation was postponed froma lift coef-
ficient between 30 and 50 percent of the maximumto a 11ft coefficient
between 78 and 93 percent of the maximum. As a result, inprovenents
were effected in the longitudinal characteristics in the high-Lift-
coefficient range. Aerodynamic—center travel was reduced to an insig—
nificant amount until just prfor to maximumlift (in contrast to a
rearward nmovement followed by a forward movement when suction was not
applied). Drag coefficients were reduced in the high-lift-coefficient
‘range by as much as 56to 62 percent (dependent upon the configuration)
when suction was appli ed.

The nost effectual |ocation of the auction slots was found to be
at the w ng-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 | eading edge of the wing; and, for the wing with a
| eadi ng-edge flap deflected, the forward ggge of the slot was | ocated
opposite the hinge lins of the flap.

INTRODUCTION

Previous investigations of highly swept w ngs at noderate and high
lift coefficients have shown that undesirable characteristics are caused
by separation occurring relatively early over the outboard area of swept—
back wings or the inboard area of swept~forward W ngs. Since this
separation pattern is, to a |large extent, the result of the spanwise flow
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of the boundary layer, it suggested that the application of boundary—

| ayer control mght yield substantial inprovenents in the character—
istics of highly swept wings. Accordingly, research was undertaken to
determ ne the inprovenments obtainable by applying boundary-layer contro
to a 45° swept-forward wing.

Fundamental flow studies were first made to determne the underlying
causes of the faulty characteristics of the 45° swept—forward wi ng and
provide a groundwork for applying boundary-layer control. The results of
these studies were reported in reference 1. 1t was shown that at a
moderate lift coefficient (C; = 0.55) the aerodynamic center shifted
rearward (fromo.26¢ to 0.436), the drag increased at a rapid rate, but
no lift was 108-t. These changes were attributed to turbul ent separation
over the trailing edge of the inboard sections of the wing. Within a
short lift—coefficient range (C;, = 0.75) the aerodynamic center shifted
rapidly forward (fromO0. 438 te —0.05%), the drag increased at an even
faster rate, and the lift—curve slope began to decrease. These changes
were the result of separation from the |eading edge. Thus, although a
form of turbulent separation occurred first, the primary cause of section
stall and of the nore serious of the undesirable w ng characteristice was

a relatively abrupt separation .from the |eading edge.

Since it is possible'to control |eading-edge separation to a
considerable extent by nodifying the contour of the | eading edge, an
investigation was next made to determ ne the extent to which leadlng~edge
separation could be delayed by means of various nodifications. The results
of -this investigation were reported in reference 2. It was found that a
plain, full-span, leading—edge fl|ap del ayed the occurrence of both leading—

edge and turbul ent separation.

Separation still occurred, hwever, at a noderate |ift coefficient.
Therefore, in order to inprove further the characteristics of the swept—
forward wi ng, boundary-layer control by suectlon was applied through slots
variously located in the wing and fusel age of the 45° swept—Forward wi ng
which was nmounted on a fuselage of fineness ratio 10. The results of
this investigation conducted in the Ames 40— by 80—Foot wind tunnel with
the same large—scale wing previously used are presented herein

CCEFFI Cl ENTS AND SYMBOLS

The data are presented in the form of standard NACA coeff iclents
and synbols, which are defined in the follow ng tabulation

a mean-| i ne designation

a.c. aerodynam c center neasured in percent chord aft of |eading edge
of the mean sercdynamic chord
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pressure coefficient (qu— )

free-stream dynam ¢ pressure, pounds per square foot

quantity of flow at free—stream conditions, cubic feet per
second :

Reynol ds nunmber (%—?)

W ng area, square feet

maxi num t hi ckness of loeal section, feet

free—stream velocity, feet per second

chordwise coordinate parallel to the plane of symmetry, feet

spanwise coordinate perpendicular to the plane of symetry, 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 w ng, degrees
Bp angl e of deflection of split flap, positive downward, degrees
B angl e of deflection of |eading-edge flap, positive
downward , degr ees
v kinematic viscosity of air, square feet per second
MODEL

The geonetric characteristics of the 45° swept—forward wing—uselage
combination are shown in figure 1. The quarter—chord |ine was swept
forward 45°, the aspect ratio waa 3.55, and the taper ratio was 0.5.
There was no tw st, incidence or dihedral. The W ng sections were
constant across the span and were NACA 64,4112, a = 0.8 (nodified)
sections perpendicular to the quarter—chord |ine.

The bl ower used for supplying suction was housed in the fusel age.
For soms of the tests, an extension was added to the exhaust—pipe diffuser
in order to decrease the exit |osses and, hence, to enable higher flow
quantities to be obtained. A photograph of the wing-fusel age combination
mounted in the wind tunnel is shown in figure 2.

The flap arrangements used on the nodel are shown in figure 3. The
W ng was equi pped with.a full-span | eadi ng-edge flap and a partial-span
trailing-edge flap. The leading-edge flap was hinged about the 12.5
percent-chord line (of sections perpendicular to the quarter-chord |ine)
on the lower surface of the wing. The transition surface between the
upper surface of the flap and the wing when the flap waa defl ected had
a radius of curvature equal to the radius about the hinge |line. The
trailing-edge split flap was a 0.588-span fl ap hi nged about the 82.2—
percent—chord | i ne (of sections perpendicul ar to the quarter—~chord |ine)
on the lower surface of the wng

The principal siots used for boundary-layer control in these tests
were cut in the aide of the fuselage at the juncture of the fuselage and
upper surface of the wing. The various configurations of these slots
are ehown in figure 4. O her boundary-layer control slots and devices

that were tested are shown in figure 5.

Pressure orifices were positioned over the upper and | ower surfaces
of four streamrise sections. They were located at 20.9 percent, 28.1
percent, 57.4 percent, and 85.0 percent of the semispan. The chordw se
positions are tabulated in table |I for the two | eading--edge configurations.
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TESTS

Force t ests, pressure—distribution neasurenents, and tuft studies
were made through the angle-of-attack range at zero sideslip. The data
were obtained nainly at an airspeed of 63 mles per hour, corresponding
to a Reynol ds mmber of 6.1 x 108, although some tests were made at an
airspeed of 110 miles per hour (R = 10.6 x 10%). The tests were made
at arelatively low speed in order to obtain higher fiow coefficienta for
t he boundary-layer—control investigation.

Standard tunnel-srall corrections for a straight wing of the same
area and span as the swept—forward W ng have been applied t o angle—of—
attack and drag-coefficient data. This procedure was followed since a
brief analysis indicated that tunnel-wall corrections were approxinately
the same for straight and swept wings of the size under consideration
The corrections are as follows:

Ny = 0.7k Cp
LG = 0.013 G2

The data were corrected for drag tares. The drag data for the tests
with auction applied were, in addition, adjusted so as to give the same
minimmm drag for those data as for the base data. This was done since
data necessary for conputing the net thrust of the bl ower were not
obtained. Table IT gives the increments of drag for each drag-coefficient
curve. .

Pitching—moment tares were not applied since they were not known
with sufficient accuracy to warrant application. Indications are that
they are not of sufficient magnitude to affect materially the results of
this report. The pitching—moment curves on all tie force teats were
adj usted to have approximately neutral stebility at the | ower |ift coef-
ficients to enable better comparison between the data. Table Il shows
the point about which the nmoments were taken to give neutral stability
in the linear portion of the pitching—moment curve for each of the
curves.

RESULTS AND DISCUSSIOR

The form of boundary-layer control primarily used was that suggested
by the results of reference 1. |t was shown that the outboard sections
of the swept-forward wing attained considerably higher maximum |ift
coefficients than the inboard sections. This was the result of spanwise
flow in the boundary |ayer by which boundary-layer air was drained off
the outboard area, but accunulated over the inboard area; in effect, a
natural system of boundary-|ayer control existed for the outboard
sections. It was deduced that, if this natural system of boundary-|ayer
control could be extended so as to affect the entire wing instead of



6 NACA RM A9KO2a

only the out board sections, the maxi mumbenefitas M ght be obtai ned for

the |east expenditure of power. Accordingly, suction slots were incorpo-
rated in the region of the wng-fuselage juncture in order to prevent the
accumul ation of boundary layer over the inboard area.

In the fol | owi ng discussion,the effects of suction applied at the
wi ng-fuselage juncture will be discussed in regard to the force data
(showing the over-all results) and the pressure-distribution data (show ng
the flow conditions over the wing). The effects of various other
| ocations of boundary—layer—control Slots will then be briefly described.
Lastly, an evaluation, in terms of flight performance, of the benefits
that can be obtained by applying boundary-layer control in such a manner

will be mde.

Force Data

Basi c characteristios.— The characteristics of certain basic
configurations were determned before boundary-layer control was applied.
These included the wing alone (fromreference 1) to provide a base for
evaluating the effect of a fuselage, the wing—fuselage combination; t he
wing with a full-span | eading-edge flap deflected 30° down, which was
shown in reference 2 to offer substantial delays in the occurrence of
| eadi ng- edge separation3 the wing with 0.588—span split flaps; and
vari ous combinations of the foregoing. A summary of the results follows:

Configu— 1| Cy Refer to figure
ration CLBeP nurber |
A 0.49 1.04 6
B <35 1.12 6
c .76 1.26 T
D -39 1 1.29 7
E .50 1.24 8
F .2 1.h0 9

1 is defined as the |ift coefficient at
sep

which either form of separation, turbulent
or | eading-edge, first ocourred.

Not e:

A Wng alone

B. W n-fusel age conbi nation

C. Wing alone with full-span leading-edge f| ap
defl ected 30° down

D. Wing~fuselage combination with t he full-span

| eadi ng-edge flap deflected 30° down
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E. Wing—fuselage combination wWith the half-
span split flap deflected 60° down

F. W ng- f usel age combination With the full—
span | eadi ng-edge flap deflected 30°
down and the half-span spllt £iap
deflected 60° down

The effect of the fuselage on the plain wing was to |ower the first
occurrence of separation from a 1ift coefficient of 0.49 to a |ift
coefficient of 0.35. Mreover, with the fuselage on, deflecting the
| eadi ng-edge flap caused no significant delay in the ocourrence of
separation as it did on the wing alone. Deflecting the leading—edge
flap, however, increased the maximm |ift coefficient fram 1.12t0
1.29. Wth the split flaps deflected, a higher value of lift coefficient
was reached before separation occurred (cr~_|;,,s'_=,‘19 was increased fromo.35 to

0.50 without |eading-edge flaps and fram 0.39 to 0.72 with | eadi ng-edge
flaps), and also a hi gher maximum |ift coefficient was attained.

Ef fect of suction through the nost effective slots.- The effect of

suction slots |located over verious regions of the wing and fusel age
(figs.4 and 5) showed thet by far the nost effective region to apPIy
suction was at the wing—fuselage juncture over the forward part of the
wing. (The detailed results 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 i nches long by 10.75 inches high with the forward edge coinci dent
with the leading edge of the wing (fig. &). Wth the leading—edge f| ap -
deflected, the nost effective slot was an opening 24.5 inches |ong by
4.5 inches high with the forward edge at the be%i nning of the transition
between the leading—edge flap and the body of the wing (fig. 4). A
summary Of the results with these two slots follows:

Configu—| C C Refer to figure
° gu Q I‘sep MI’sep chaI Acl‘ma.x nunber g

retion
B 0.0121f 0.92| 0.57 | 1.18| 0.06 10
D 0125 | 1.23] .84 | 1.4-0 ] =.11 11
E 0118 | 1.14] .6+ | 1.28| .ok 12
F .0121| 1.39| .67 | 1.50} =.10 13

B. W ng-f usel age conbi nati on, 15—inch by 10.75~irch sl ot

D. W ng-fusel age combination with the full-span leading-elge
flap deflected 30° down, 24.5-4nch by k.5-inch sl ot

E. Wng-fusel age combination with t he half-span split flap
defl ect ed 60° down, 1i5-inch by 10.75=inch sl ot

F. W ng- - f usel age combination with thefull-span leading—edgef| ap
deflected 30° down and the half-span split flap deflected
60° down, 2k.5-inch by k.5-inch s| ot
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The primary effect of applying suction to any of the configurations
was to delay the occurrence of separation froma lift coefficient which
was between 30 percent and 50 percent of the maximumto a |ift coef-
ficient which waa between 78 and 93 percent of the maximm. The maximm
lift coefficient was increased only a small anount. (For these tests the
maxi mum power input to the bl ower was approxi mately 300 hp.)

As a consequence of del aying separation, substantial reductions were
effected in drag coefficients and aerodynamic—center travel (figs. 10, 11
12, and 13). The maxinumreductions 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 maximumlift coef-
ficient; this was in contrast to the excessive rearward and forward
shifts without suction. Thus, it is evident that considerable inprove-
ment can be obtained by applying auction at the wing-fuselage juncture.

Effects of slot location.— Tests were nmade to determne the effects
of the slot loeation on the w ng withthe full-span leading—edge fl ap
defl ected 30°. Owing to the characteristics of the bl ower equi pment used,
the slot area and, hence, the slot length for a given width could not be
decreased below a certain mninmum

Starting with a 1.5-inch-wide S| Ol extending from the leading edge
to 82.5 percent of the local chord (fig. 14 (a)), it was found that no
detrinental effects resulted fromclosing paxrt of the slot forward of
t he Junction between the leading—edge flap and the main part Of the wing.
Li kewise (fig. 14(b)), no detrimental effects resulted from closing the
rear part of the slot from a | ength of 114 inches down to the m ni mum

| ength of 32 inches.

When the slot width was increased to 3 inches (fig. 15), there was
an improvement i N t he Wi Nng characteristice, compared t0 those with the
1.5-inch slot, due to the increased flow quantity. No significant effects,
however, resulted fromelosing the aft part of the slot froma length of
42 inches down to the mnimmof 24.5 inches

When the slotW dth was increased to 4.5 inches (fig. 16), there waa
again, due to the increased flow quantity, an improvement in the w ng
characteristics. A slight detrimental effect resulted when the sl ot
| ength was decreased from 24.5 inches down to the mninumlength of 18

i nches.

From the foregoing it is clear that the effective part of the slot
is arelatively small region over the hinge |ine of the |eading-edge flap
It wae in this region that, wthout suction, separation first occurred.

It can, therefore, be inferred that for other configurations the slot
shoul d be located over the region at which the | eading-edge type of
separation would first occur. Thus, for the tests in which suction was
applied to the wing wthout the |eading-edge flap, the forward edge of
the slot was located at the |eading edge of the wing.
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Preasure Di stributions

The results of the tuft studies (fig. 17), 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 conditions over the
wing. In contrast to the slow progression of separation which started
at a low angle of attack (@< 6.38) without suction, when suction was
applied there was no evidence of separation until an angle of attack
greater than 20.9%2 was reached.

Pressure distributions for various configurations of the swept-
forward wing with and without suction are shown in figures 18, 19, 20,
and 21. A conparison is made in figure 22 of the pressure distributions
with and without suction for a typical section, the streamwise section at
20.9-percent semispan. Wt hout suction, at an angle of attack of 16.7°
the pressures were not recovering nornally to the trailing edge, and the
negative pressure peak at the hinge | i ne of the leading—edge flap was
begi nning to decrease. Wth suction applied, complete pressure recovery
was obtained up to angles of attack of about 18.8°. At about 18.80, the
suction peek over the upper surfsce opposite the hinge line of the
leading—edge f| ap began to decrease, indicating that |ocal separation
was occurring over this area but apparently was followed by reattached
flow. At angles of attack above 20.9°, the suction peak at the |eading
edge began to decrease and the section began to lose lift.

The influence of both the natural spamwise boundary—layer drain and
the boundary—layer control exerted through the slot at the w ng-fusel age
juncture can be seen in the section-11ft characteristics (£ig. 23) which
were obtained by integrating the pressure distributions. Wthout suction,
t he maximum section-lift coefficients varied from0.96 at 20.9-percent
gsemispan t 0 1.75 at 57.4—percent senmi span. This, as discussed in
reference 1, indicated that boundary | ayer was drained off the outboard
sections and enabl ed these sections to attain considerably higher |ift
coefficients than coul d be obtained by the same section in two—dimensional
flow.  The inboard sections, however, owing to the accunul ation of
boundary |ayer, had meximm |[ift coefficients that were mch | ower.

Wth suction applied, the stall of the section at 20.9—percent
semispan, however, was del ayed from an angl e of attack of about 1%.5° to
an angle of attack of about 20°. This corresponded to an increase in
meximm nmotion |ift coefficient fromo.96 to 1.56. Thus, the application
of suction enabled this inboard section to attain about 62 percent nore
1ift. The stalling angl es and maximm |ift coefficients of the outboard
gsections Were not greatly changed

Fromthe foregoing it is evident that if suction is applied at the
wlng—fuselage juncture in such a manner as to prevent the accunul ation of
boundary |ayer over the inboard area, separation over the inboard sections
will. be delayed and a postponenent of separation over the entire wng

will result.



10 NACA RM ASKOZs,

O her Systems of Boundary-Layer Control

Tests were nade with various slots distributed along the span of the

wing and in the fuselage. Figures 2k, 25, and26 show the results of

appl ying suction through the single slot that gave the best results and
through a combination of all slots of the same series. Shown also in
figure 26 are the effects of boundary-layer skimer plates which were
intended to prevent any possible deleterious effects which mght result
froma conbining of the fusel age boundary layer with the w ng boundary
layer. It is apparent that these systems of boundary—layer control are

i neffective.

Ef f ect s of Boundary-Layer Contr ol
on Ai r pl ane Perfarmance

An anal ysi s has been made to determ ne the improvements i n flight
performance (as contrasted to the improvements i n longitudinal stability
previously discussed) that are obtainable by applging suction at the
wi ng-fusel age juncture of an airplane having a 45° swept-forward wing.

The | ongi tudi nal characteristics of the airplane, With and w t hout
suction, were taken to be the same as those obtained for the test nodel
The airplane was assumed to be powered by two turbojet engines having
static thrust ratings of 4000 pounds each;1 wing loadings were assuned to
be 75 pounds per square foot for take-off and 45 pounds per square foot

for |anding

The suction required for the boundary-|ayer control was assumed t 0
be supplied by the compressors of the turbojet engines. This woul d
require that a portion of the intake air for the turbojets be drawn from
the high~velocity regi on over the upper surface of the wing. There is a
question whether or not drawing off Intake air in such a manner would
| ower the performance of the turbojet engine since |osses in rampressure
would likely result. Judging fromthese tests, however, the |osses would
appear to be quite small. Wth the crude ducting used in these teats, a
punpi ng pressure ratio of 1.07 waa required; furthernore, the air flow
required for boundary-|ayer control (approximately 30 Ib/sec) woul d
constitute onl'y a portion of the total inlet air for the turbojet engines
(approxi matel y 140 1b/sec). Inthefol | owi ng anal ysis, therefore, turbojet—
engine performance was assumed to be t he same either with or without

boundary-| ayer control

The performance items affected by applying the kind of boundary-| ayer
control discussed herein are those at high lift coefficients: teke—off
and clinb to 50 feet, and landing approach and landing. O her performance

INet thrust was conputed by using the procedure and charts given in
reference 3. Pressure | 0sses in the ducting system were assuned to

be 0.15 of the inlet veloclity head.
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items — rate of climb, ceiling, range, maximm Speed -are unaffected
since they occur at relatively lowlift coefficients before significant
amounts of separation occur over the w ng.

Based on the presupposition that no significant amount of separation
over the wing can be tolerated during flight,2 the low—speed performance
of the airplane with and w t hout boundary—layer control can be compared:

No Suction
Fl i ght condition suction applied -
Take—of T
Take-of f speed, mles per hour 302 170
G ound-nu di stance, feet 1k,390 4,020
Di stance to e¢limb to 50 feet,
f eet 1,710 Q60
Total distance, feet 16, 100 % ,980
Landing®
Approach speed, mles per hour 265 149
Sinking speed, feet per second 3k 23
Contact speed, mles per hour 169 122

1The leading—edge fl aps are defl ected for take—off. Take—
off is assumed to be made at a speed 10 percent greater
than the minimm. G ound-m distance was cal cul ated by
t he method of reference &; distance to climb to 50 feet
by the nethod of reference 5.

2The leading-edge f| aps are deflected for the approach; both

leading~edge and split flaps are defl ected for landing.
Fol | owi ng t he £indings of reference 6, approach speed is
assumed to be 25 percent greater than the minfmum Speed;
ground contact is assuned to be made at a lift coefficient
which is 85 percent of the maxinum HNote that the maximum
permissible sinking speed, according to reference 6, is

25 feet per second.

It is evident that |arge improvemsnts can be obtained in | ow speed
per f or mance by appl yi ng boundary—layer control. These, of course, are
In addition to the Inprovenents in longitudinal stability.

21f separation were tolerated over the wing, all item of |owspeed per-

formance could be considerably Inproved due to higher [ift coefficients
avai | abl e and, consequently, lower flight speeds. This involves
consideratioms, however, such as longitudinal stability and control
which arenot within the scope of this discussion. Hence, comparisons
are limted only to flight conditions for which there would be no signif-
i cant amount of separation over the wing. Accordingly, the maximm
usable lift coefficient is taken to be the [ift coefficient at which
separation begins t0 cause appreci abl e change in force charactetristics.
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CONCLUDING REMARKS

The results of a wind-tunnel investigation conducted to deternine

the bemefits obtainable by applying boundary-layer control to a 45°
swept—forward W ng- f usel age combination are summarized as fol | ows:

The occurrence 0Of separation over the wi ng was del ayed substan—
tially by applying boundary-layer control. Wth no boundary-|ayer
oontrol, separation occurred at a lift coefficient that was between
30 and 50 percent of the maximum, 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 maximmm was reached.

Correspondi ng i nprovenments in the | ongi tudi nal charascteristics
were obtained. Aerodynamic—center travel was reduced to an insignificant
amount until just prior to the attainnment of maximm |ift, in contrast
to the rearward foll owed by large forward movenents of aerodynamc
center without boundary-layer control. Drag coefficients were reduced
by as nuch as 56 to é2 percent, dependent upon the configuration. The

maxi mum 1itt coefficients were not greatly increased.

The nost effectual location for suction slots for boundary-Iayer
control on the 45° swept-forward wing was found to be at the wing—
fusel age juncture over the forward part of the wing: Thus, with no
| eadi ng-edge flap, the forward edge of the slot coincided with the
| eadi ng edge of the wing; and, with the |eading-edge flap deflected, the
forward edge of the slot was |ocated 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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TABLE T

LOCATIORS OF PRESSURE ORIFICES

RACA RM AGK(O2a

Leading-edge flap
Plain wing def | ect ed 30° down
Oifice| Upper Lower Upper Lower
nunmber surface| surface| surface| surface
per cent| percent| percent| percent
chord chord chord chord
1 0 - - 0 - -
3 -25 0.25 .06 0.38
h 1.5 165 .23 1 =67
.58
2 1.5 1.5 1.0 1.75
7 3.5 3.5 26 1.00 23.8
8 5.0 5.0 3.95 5.2G
9 7.5 7.5 6.14 T Th
10 20.0 20.0 8. 36 10.17
11 30.0 30.0 10.75 15.0
13 50.0 50.0 13.25 20.0
14 60.0. 60.0. 15.0 15.88 40030.0
15 70.0 70.0 20.0 50.0
16 80.0 80.0 30.0 60,0
17 90.0 90.0 0.0 70.0
50.0 80.0
i§ 91.3 91-3 60.0 90.0
3? - - - - g0.0 97.5
- - - - 0.0 - -
22 - - - - go. 0 - -
23 - - - 975 -




HaCA RM AGKO2e,

TABLE IT

DRAG INCREMENTS ARD MOMENT CENTERS USED
IN FORCE DATA

Flgure Increment of | Moment
number Flow drag coef- center
and zoefficient | ficient added | location
symbol to each curve | jpercent T)
6 0 0 ih.1
7 0 0 12.3
8 0 0 14.0
8 0 0 20.4%
9 0 0 12.3
9 0 0 22,1
9 0 0 22.1
9 0 0 22.1
10 .0121 .0113 12.8
11 o] o] 15.2
11 . 0093 .0008 15.9
11 .0125 .0085 15.0
12 .0118 .0109 19.8
13 0 0 21.5
13 .0121 .0132 20.4
13 . 0092 .0020 20.4
14(a) .0125 .0089 15.4
14(a) .0124 . 0055 15.4
1h4(a) .0123 . 0052 4.2
14(b) .0069 —. 0021 1lh.2
i4(Db) .0060 —.0036 15.9
15 .0092 .0121 1k.8
15 .0079 .0002 i4.8
15 .0103 .0021 14.8
16 .0076 -. 0021 15.8
24 . 0040 .0032 1k.0
24 . 0045 .003 k.6
2k .0053 . 00 15.0
25 . 0045 .0038 15.6
25 . 0055 .0070 k.7
26 0 0 15.2
26 .0082 .0215 15.0
26 .0100 .0356 14.6
26 .0113 .0k69 1.7
26 0 0 15.0
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Figure |. —Geomeflric characteristics 0f the 45 °

swept- forward wing- fuselage combination.
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Figure 3. - Flgp arrangements used on the 45° swept-forward

wing-fuse/age combination .



o2 NACA RM AQKO2a

Slot /ﬁ—1500'

700"

150.00

10.75-by/5-inch suction slot for plain wing section

Stof /—— Length varied from /18.00" to 42.00"
ot —
Height varied from 3.00” to 4.50"
%
¥ — e
C—

150.00" ,

T

3-and 4.5-inch suction slols for wing with
leading -edge flap

Slot ——Len m 32.00" to 124.00 *
150" i
r—f‘
— —
|« 150.00"

/.5-inch suction sfofs for wing with /eading -edge

flap

Figure 4. — Suction slofs at the wing-fuse/age juncture used
for boundary-layer control/ on the 45° swepl-forward wing-

fuselage combination .
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Figure 5. — Miscellaneous lypes of boundary-layer confrol devices used on
the 45° swapt- rforward wing- fusélage combination .
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Figure 6 .— The effects of ihe fuselage on tie longitudinal characleristics of the 45° swept-
forward wing . Reynolds number , 10,600,000 .
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Figure 7=The effects of a full-span leading-edge flap deflected 30" down on the longitudinal char-
acteristics of #he 45° swept-forward wing-fuse/oge combination . Reynotds number, /0,600,000 .
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Figure 8 .~ The effecls of 0.558-span split flaps deflecfed 60° down on the fongitudinal
characteristics of the 45° swept- forward waig-fuselage combination . Diffuser affached .

Reynolds number, 6,/G0,000.
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