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RESEARCH M8:MORANDUM 

THE EFFECT OF BOUNDARY-LAYER CONTROL BY SUCTION AND SEVERAL 

HIGH -LIFT DEVICES ON THE LONGITUDINAL AERODYNAMIC 

CHARACTERISTICS OF A 47 .50 SWEPTBACK 

WING-FUSELAGE COMBINATION 

By Jerome Pasamanick and Anthony J. Proterra 

SUMMARY 

An investigation has been made in the Langley full-scale tunnel 
of a 47.50 sweptback wing-fuselage combination e~uipped for boundary­
layer control by suction. The wing section was NACA 641 -Al12 normal to 
the ~uarter-chord line, the aspect ratio was 3 ·5, and the taper ratio 
was 0.5. The wing configurations tested included the wing with various 
combinations of extenSible leading-edge and split flaps. 

Increasing the Reynolds number from 2.1 X 106 to 7.1 X 106 and 
2.1 X 106 to 5.0 X 106 had no appreciable effect on the lift and drag 
characteristics of the plain wing and the wing with semispan split 
flaps, respectively. The increase in Reynolds number, however, caused 
a destabilizing shift of the linear portion of the pitChing-moment 
curve and progressively moved an unstable break in the curve near the 
stall to higher lift coefficients. 

Combinations of slots utilizing the 0.20-percent-chord slot, 
are the most effective for boundary-laye r control as initial separation 
occurred near the wing leading edge. Applying suctiop. through t he 
0.70-chord slot was not effective in improving the wing characteristics. 

The maximum lift coefficient of the plain wing was 0 ·96, 1.07, 
and 1.11 for suction flow coefficients of 0, 0 . 024, and 0 .037, r espectively 
Boundary-layer control did not eliminate an "nstable pitching-moment 
break that occurred near maximum lift. 

Semispan and full-span split-flap deflection resulted in maximum 
lift coefficients of 1.02 and 1.09, respectively. Applying a suction 
flow coefficient of 0.037 increased the corresponding maximum lift 
coefficients to 1.14 and 1.23. With and wi thout boundary-layer control 
the model was longitudinally unstable at the stall. 

The application of boundary-layer suction with the 0.50 -, 0.60-, 
and 0.71-semispan extensible leading-edge flap configurations produced 
maximum lift coefficients of 1.14, 1.17, and 1.18, respectively . Without 
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boundary-layer control the model configurations were longitudinally 
unstable at the stall. However, applying suction at flow coefficients 
of both 0.024 and 0 .037 to the 0 .50- and 0 . 60-semispan leading-edge flap 
configurations r esulted in longitudinal stability at the stall. 

With the semispan split flaps in combination with the extensible 
leading- edge flaps the highest maximum lift coefficient (1.2 8) was 
obtained for the 0 .71-semispan leading-edge flap configuration at a 
suction flow coefficient of 0.037 . All combinations of split- and 
leading- edge - type flaps r esulted in longitudinal instability at the 
stall with and without boundary-layer control. 

Changing the wing-tip shape from a round to a square tip had only 
minor effects on the lift and drag characteristics of the model. The 
pitching-moment characteristics were improved for the 0. 50-semispan 
extensible l eading-edge flaps with and without suction. No appreciable 
changes occurred for the other flap configurations. 

Boundary-layer contr ol produced a trend toward the reduction of the 
measured drag coefficients in the higher lift-coefficient range and did 
not appreciably change the measured drag coefficients in the low lift­
coefficient r ange . For the plain wing the drag coefficient equivalent 
to the blower power required to discharge the boundary layer at free­
stream total head is approximately 0 .039 and 0.102 for flow coefficients 
of 0 .024 and 0 .037, respectively. 

Blower-power failure would r esult in a reduction in the maximum 
lift coefficient and would also result in an abrupt longitudinal insta­
bility at the lower maximum lift coefficient. 

INTRODUCTION 

The recent design trend toward the use of thin highly swept back 
wings for high - speed flight has greatly emphasized the necessity for 
determining means whereby the low-speed characteristics of such wings 
can be improved . A study has been made with the use of leading- and 
trai ling-edge hi gh-lift devices of methods designed to eliminate wing­
tip stall and to increase the maximum lift of sweptback wings (refer­
ence 1). I t was shown in the early investigations of sweptback wings 
that the flow of the boundary layer contributed largely to the poor 
longitudinal low-speed characteristics . An investigation was initiated 
at the Langley full - scale tunnel to determine the effect of boundary­
layer contr ol by suction on the aerodynamic characteristics of a swept­
back wing. The sweepback of the wing was 47.50

, the aspect ratio was 3 · 5, 
the taper r atio was 0·5, and the air foil sections normal to the quarter­
chord line were NACA 641-Al12 . The wing panels were mounted in a low 
midwing position ona circular fuselage. 

Boundary-layer control was applied through suction slots located 
at the 0 .20 - ,0 .40-, and 0 .70-chord spanwise stations on the outboard 
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half of each wing panel. Additional high-lift devices tested in 
conjunction with the plain wing consisted of full-span and semispan split 
flaps and partial-span extensible leading-edge flaps. 

The results contained herein present the effect of boundary-layer 
control on the maximum lift and longitudinal stability characteristics 
of the model at zero yaw. Forces and moments were measured for each 
configuration tested with and without suction for a range of angle of 
attack through the stall. Reynolds number effects with the slots 
sealed have been determined for the plain wing and for the wing with 
semispan split flaps from 2.1 to 7.1 X 106, respectively. All other 
configurations were tested at a Reynolds number of 4.2 X 106 corresponding 
to a Mach number of approximately 0.07. The results of the effect of 
boundary-layer control on the aerodynamic characteristics of the model 
in yaw are presented in reference 2. 

C OEFFIC IENTS AND SYMBOLS 

All results are presented in standard NACA form of coefficients, 
forces, and moments and are referred to the wind axes. Moments are 
referred to the ~uarter-chord pOint of the mean aerodynamic chord. 

CL lift coefficient (L/~S) 

measured drag coefficient (D/~S) 

CD]; drag coefficient e~uivalent to blower power 

Cm pitching-moment coefficient (M/~Sc) 

CQ suction flow coefficient (QjvS') 

(
H -~ Hd\ 

Cp pressure coefficient :J 
~ internal duc ting and blower efficiency 

R Reynolds number (pVc/u) 

L lift, pounds 

D measured drag, pounds 

M pitching moment, positive when moment tendG to increase anglo 
of attack, foot-pounds 

free-stream dynami c pressur e, pounds per s~uare foot (~V2 ) 
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p 

v 

S 

S' 

c 

c ' 

c 

mass density of air, pounds-second2 per foot4 

free-stream velocity, f eet per second 

total wing area, feet2 

wing ar ea affected by suction slots, feet2 

NACA RM No. LBE18 

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

wing chord, measured in plane pa rallel to plane of symmetry, feet 

wing mean aerodynamic ~orr~/~easur~d 

~ Jo C '2 d, 
in plane parallel to plane 

of symmetry, f eet 

b wing span, f eet 

Q total air Cluant ity removed through sucti on ' slots, feet 3 per second 

H free-stream tot al pressure, pounds per foot2 

Ed t otal pressure inside wing duc t, pounds per foot2 

U coefficient of viscosi ty , pounds-second per foot
2 

~ angle of attack of wing chord line, measured in plane of symmetry, 
degrees 

MODEL 

A three -view drawing shOWing the principal dimens ions of the model 
i s given in figure 1, and figure 2 shows the model mounted in the 
Langley full- scale t unnel. The wing leading-edge sweepback was 47 .50 

and the sweepback of the Cluarter-chord line was 450 • The airfoil sections 
normal to the Cluar ter-chord line were NACA 641-Al12, and the maximum 
t hickness and station of maximum t hickness in the plane of symmetry 
was O.09c · and O.44c ·, respectively. There was no geometric dihedTal or 
t wist and the wing pane l s were mounted on a circular fuselage in a low 
midwing position at zero incidence wi th r espect to the fuselage center 
line . 

The wi ng tip was rounded in both plan form and cross section 
(figs . 3(a) and 3(b )) , and a sCluare tip (figs. 3( a) and 3(b)) was 
in~tall~d durin the latter part of the t est pr ogram. The squar e tip 
i ncreased t he vring area f r om 229.4 to 231 SCluare feet wi thout changing 
th e span or the taper r atio of the wins -

, 
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A schematic drawing showing cutaways of the wing panel and fuselage 
is given in figure 4. The wing panels were of a box-beam-type construc­
tion and the wing skin was cons tructed of laminated mahogany surfaced 
and finished to the required section. Slots O.Olc wide were located 
at the 0.20c, 0.40c, and 0.70c stations on the outboard half of each 
wing panel. The wing area affected by the suction slots was 83 .8 feet2 . 
A cross section showing the loca tion and detail dimensions of the slots 
are given in figures 3 (c) and 3 (e ), respectively. 

The fuselage which housed the boundary-layer blower equipment had 
a fineness ratio of 9 . 35 :1. The axial-flow single- stage blower was 
coupl ed to a variable-speed el ectric motor and the installation inside 
the fuselage is shown in figure 4. 

Four pitot-static tub es located 900 apart in the annulus ahead of 
the fan were used to determine the total flow quantity passing through 
the suction slots. The slot and wing-duct losses were measured by 
total-pressure tubes located at the wing-fuselage junction in each wing 
panel. The location of the instrumentation is shown in figure 4. 

The installations and locations of the auxiliary high- lift devices 
used in combination with the plain wing are shown in figure 3 (a). The 
dimensions and deflection angles of the split- and extensibl e leading­
edge-type flaps are given in figures 3 (d) and 3(c), respectively. The 
0.20c' semispan split flaps extended outward from the fuselage to the 

0. 55~ station and the 0.20c' full-span split flaps extended outward to 
the 0.8~ station . The O.lOs' extensi ble leading-edg~ flaps were 0.5~, 
0.60£, and 0 .71~-span and extended outward to the 0 .92~ station for the 

2 2 b 2 
rounded-tip wing and to the l.~ station for the square-tip wing. Each 
flap was constructed from thin sheet metal and was faired to the wing 
contour at the surface of attachment . 

The model was sanded w1d lacquered to provide very smooth surfaces 
and the main construction was sufficiently rigid to reduce deflections 
to a minimum. 

TEsrs .AN]) MEI'HODS 

In order to determine the effect of suction-slot location on the 
flow over the wing , extensive exploratory tests were made of the wing 
with and without split flaps for a large number of slot arrangements. 
The configurations were such that the slots were tested separately, in 
combination with one another, and in partial spanwise sections. Force 
tests and flow observations of wing upper- surface tufts were made over 
a large angle-of-attack range a t suction flow coefficients of 0.024 
and 0.037 at a Reynolds number of 4 . 2 X 106 . The l ift and drag data 
as determined from these studies with the tufts attached to the wing 
are suitable as qualitative results . The pitching-moment data may have 
some scatter but is sufficiently accurate to indicate the longitudinal 
stability characteristics of the wing. 
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A list of the test configurations is given in table I. Reynolds 
number effects for the wing with round tips and with the slots sealed 
were determined for the plain wing and for the wing with semispan split 
flaps from 2.1 to 7 .1 x 106 and 2.1 t o 5 .0 x 106 , respectively. Exce~t 
where noted otherwise, the data are for a Reynolds number of 4.2 X 106 
and for flow coefficients of 0.024 and 0.037· The results for the zero 
flow coefficient CQ = 0 repre sent the condition having the slots 
seaied and faired to a smooth contour wi th the wing. A few tests were 
made to determine the effect of sudden loss of boundar y- layer suction 
caused by a power failure by having the slots open and allowing the 
fan to windmill. 

The stalli ng characteristics of the wing were determined by observing 
the behavior of wool tufts attached t o the upper surface of the wing. 
The tufts were located apprOximately at the 0.26c, 0.46c, and 0·76c stations 
and were spaced apprOximately 12 inches apart along the span. 

All of the test r esults have been corrected for jet-boundary 
effects , blocking effects, str eam alinement, and wing-support inter­
ference. I n addition, a drag tare correction has been applied to 
compensate for the effect of the air-jet thrust due to the fan operation. 
The drag coefficients as presented in the data figures are measured 
drag coefficients and do not include the blower-power drag coefficients . 

DISCUSSION OF RESULTS 

Char acter istics of the Wing with Rounded Tips 

Reynolds numb6r effect.- The effect of Reynolds number on the 
longitudinal aerodynamic characteristics of the wing with and without 
semispan split flaps and without boundary-layer control is shown in 
figure 5 · The maximum lift coeffici ent for the plain wing increases 
slightly ( about 0 .04 ) between Reynolds numbers of 4.2 X 106 and 6.1 X 106 
whereas for the flapped Wing, an increase in CLmax of about 0 .05 

occurs between values of 2 .9 X 106 and 4.2 X 106 • The lift peaks for 
the plain wing are smooth and rounded and the slope of the lift curve 
gradually decreases after maximum lift, the peaks for the flapped wing 
are also rounded but the lift curve r emains practically constant beyond 
the point of maximum lift. 

The lift and drag characteri stics a r e not materially changed at 
the higher Reynolds numbers; however, there is an appreciable influence 
of Reynolds number on the pitching-moment characteristics for the plain 
and flapped wing configurations . Wi th increaSing Reynolds number there 
is a destabilizing shift of the linear portion of the pi tching-moment 
curve and of conSiderable impor tance is the delay of the unstable break 
of the pitching-moment curve to higher lift coefficients . From the trend 

I 
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of data shown it is highly possible that the instability occurring at 
high lift coefficients may be eliminated at Reynolds number greater than 
7.1 x 106 . In all cases, the sudden instability is closely related to 
the point on the lift curve where initial stall occurs and where the 
drag-coefficient curve slope suddenly increases. The delay of the 
instability to higher lift coefficients with increas ing Reynolds number 
is attributed to an improvement in the flow of the boundary layer, 
thereby delaying the tip stall and the rapid forward shift of the center 
of pressure. 

Results with the full-span split flaps did not differ basically 
from the configuration of the semispan flaps and therefore are not 
presented. 

Preliminary slot investigation.- In order to determine the effect 
of boundary-layer-suction slot location on the aerodynamic characteristics 
of the Wing, a preliminary investigation of configurations using individ­
ual slots and multiple slot combinations was made. The results of this 
investigation are given in figure 6 for a Reynolds number of 4.2 x lOb 
and an angle-of-attack range from 120 to the angle of maximum lift at 
several suction flow coefficients. Additional tests were made with 
different percent spanwise lengths of slots but these results were found 
to be essentially the same as those of figure 6 and therefore are not 
shown. Either the 0.20c slot alone or in combinations using that slot 
as shown in figure 6 gave the best results for a flow coefficient of 0.024. 
An increase in CQ from 0 .024 to 0.033 for the 0 .20c slot combinations 
resulted in increases in CLmax of the order of 0.04 . Neither location 
nor suction at flow coefficients above 0.024 had any appreciable effect 
on the drag of the model. The unstable break in the pitching-moment curve 
that occurred for the basic wing was not eliminated by boundary-layer 
suction for any of the slot arrangements tested . The test program that 
followed this preliminary investigation was completed using all three 
slots, although the results in figure 6 show that suction through the 
0.70c slot was ineffective . 

In order to present conditions at a given flow coefficient, a portion 
of the data presented in the paper was obtained by cross-plotting curves 
of CL, CD, and Cm against CQ for constant angle of attack. 

Characteristics of the plain wing.- The characteristics of the 
plain wing (fig. 7 ) show that the maximum lift coefficient without 
boundary-layer control was 0 .96 at an angle of attack of 210 • The 
pitching moment was neutrally stable up to a lift coefficient of approxi ­
mately 0.55 and stable frOID thereon to CL of 0·90. At a CL of 0·90, 
which was below the maximum lift, there was a severe unstable pitching 
moment and beyond this lift coefficient the lift-curve slope decreased 
and the drag rapidly increased. The tuft diagram, figure B in conjunction 
with figure 7, indicates that up to a CL of 0.55 the disturbed flow 
at the trailing edge of the tip had little or no effect upon the location 
of the center of pressure. In the range of CL from 0. 55 to 0.90 the 
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region of disturbed flow increased and caused a strong outward flow of 
the boundary layer along the rear 0.30c lines of the wing. At a CL 
of 0.90 the tips .were intermittently stalled and the flow over the wing 
area behind the moment center was very unsteady. 

The application of boundary-layer suction at flow coefficients 
of 0.024 and 0 .037 increased'· the maximum lift to 1.07 and l.ll, respec­
tively. The increase in maximum lift due to suction was obtained by the 
clean-up of the flow in the region of the slots which resulted in a 
slight increase in the lift-curve slope and an extension of the linear 
portion of the lift curve to higher angles of attack . Up to moderate 
lift coeffiCients, the flow over the r egion covered by the slots was 
greatly improved, but the f low pattern at the tips was similar to that 
for the sealed conditi on. With boundary-layer suction there was a 
reduction in the spanwise flow of the boundary layer in the region behind 
the suction slots. The longitudinal stability was improved by suction 
as a result of the delay in the forward shift of the center of pressure; 
however, the unstable break near the maximum lift was not eliminated. 

Characteristics of the wing with split flaps.- The wing with semi­
span and full-span split flaps gave maximum lift coefficients of 1.02 
and 1.09, respectively, for the slot sealed condition (fig. 9). These 
val~es of CLmax a r e 0 .06 and 0.13 higher than that measured for the 

plain wing. For these flapped configurations the lift increments below 
the stall calculated using the simple sweep theory (reference 3) are in 
good agreement with the results presented herein. With boundary-layer 
suction at a CQ of 0.024 the maximum l ift coefficient was increased 
to 1.09 and 1.06 for the two flapped conditions. IncreaSing CQ to 0.037 
resulted in a further increase in CLmax to 1.14 for the semispan flapped 

wing and ,1.23 for the wing with full-span flaps. The pitching-moment 
curves for both 'flap configurations indicate the same trend of stability 
as the plain wing wi th and without suction particularly as regards the 
longitudinal instability at the stall . Tuft studies of the semispan 
flapped wing with and without boundary-layer suction (fig. 10) show 
the early tip stall and flow patterns to be typical of that for the plain 
wing. 

Characteristics of the wing with extensible leading-edge flaps.­
The plain wing and the wing wi th spl it -flap results have shown that 
the stalling characteristics a r e essentially unaffected by boundary­
layer control. A two-dimensional-fl ow investigati on of the 
NACA 641-Al12 ai r foil section indicated the stall to be characterized 
by the tendency for separation to occur first at the leading edge. A 
simple device available for eliminating the flow breakdown at the leading 
edge is an extensible leading- edge flap which in effect modifies the 
airfoi l c ontour. This type of flap has been shown to be an effective 
stall-control device on a wing of lower sweep at high Reynolds number 
(reference 1 ). 

---------------------- ----------~~---~--------~~ 
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The results obtained for the extensible leading-edge flaps are 
shown in figure 11. The addition of the flaps extended the lift curve 
so that greater maximum lift occurred at slightly higher angles of 
attack than was observed for the plain wing, which results from the 
delay of leading-edge separation and in part from the effective increase 

in wing area. Without suction, the 0.5~ -span, 0.6~-span,. and 0.71~-span 
flaps increased the value of CLmax of the plain wing by approximately 

0.14 in each case. The 0.5~-span flap configuration with suction at 

a CQ of 0.024 produced only a small further increment, but the larger 
flaps each produced an increment of approximately 0.05 for a flow coef­
ficient of 0.024. By increasing the suction coefficient to 0.037 an 
additional lift coefficient increment of approximately 0.03 was obtained 
for all three flap configurations, thus giving a maximum lift coefficient 

of 1.18 for the 0.71~-span flap. 

The pitching-moment characteristics of the wing with extensible 
leading-edge flaps and without suction are similar to those of the plain 
wing. Approximately neutral longitudinal stability is shoWT. over the 
low and medium range of ~, and at higher lift coefficients there is 
an increase in stability followed by a sudden instability near the stall. 
The t~t studies of the wing with extensible leading-edge flaps (fig. 12) 
show that stall begins at the inboard end of the flap; whereas, for the 
plain wing stall first occurs at the wing tips. The initial stall at the 
inboard region is attributed to the disturbance created by the vortex 
shed from the end of the flap. Without suction the stall spreads rapidly 
outboard resulting in a forward movement in center of pressure with the 
ultimate longitudinal instability. 

Application of a suction flow coefficient of 0.024 to both the 
0.5oQ- span and 0.6oQ-span flap configurations resulted in a clean up of 

2 2 
the flow behind the flaps with a slight instability occurring prior to 
the stable pitching moment at the stall (fig. 11). A further increase 
in the suction flow coefficient to 0.037 completely eliminated the slight 
instability with only the portion of the wing affected by the flap vortex 
being disturbed. Boundary-layer suction did not eliminate the instability 
at maximum lift for the 0.71~ - span flap installation. Similar effects 

of the leading-edge flaps on the longitudinal characteristics have been 
shown on another sweptback wing without boundary-layer control by suction 
in reference 1. Since the flow on the wing is greatly affected by the 
flaps there appears to be an optimum span for control of the longitudinal 
characteristics of the wing near the stall. When the flap span exceeds 
the optimum configuration, the flow over the outer wing portion a ssumes 
the characteristics as shown for the plain wing. 

Characteristics of the wing with combinations of extensible l eading­
edge and semispan split flaps.~ The combinations of extensible leading­
edge and semispan split flaps produced a maximlnn lift coefficient of 
approximately 1.15 which is 0.19 greater than that obtained for the plain 
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wing (figs . 7 and 13) . For these confi gurations without boundary-layer 
s~ction the wing i s neutrally stable up to stall and unstable at the 
stall. The instabil ity at ~ is a result of the tip stall due to 
the induced flow by the deflection of the split flap s (fig. 14). 

Boundary- l ayer control with a suction flow coefficient of 0.024 

increased the 0r to 1.19 for the 0 . 50&2-span combinations and to 1.21 
. -Lmax b b 

and 1. 23 for the 0 . 6~ -span and 0 . 712-span leading-edge flap combinations, 

respectivel y. Increasing the f l ow coefficient to 0. 037 increased the 
values of CLmax to 1 . 21 , 1 . 24 , and 1 . 28 for the 0 . 5oQ-span, 0.6oQ-span, 

b 2 2 
and 0 . 712- span leading-edge flap combinations, respectively. The wing is 

longitudinally unstab le at the maximum lift coefficient for all flap 
combinations at a sQction flow coefficient of 0.024 and 0.037. The flow 
diagrams (fig. 14), for CQ = 0 . 037, indicate that the flow in the area 
behind the s l ots is undisturbed up to maximum lift and initial stall 
occurs at the inboard end of the leading-edge flap. Slightly below 
maximum lift the tip sections also became stalled. At maximum lift the 
entire area behind the suction slot suddenly stalled resQlting in 
longitudinal instability . 

Effect of power failure .- Boundary- layer control in conjunction 
with the high-lift devices increased the lift and for some configurations 
eliminated the l ongitudinal instability at the stall. In the event. of 
suction- power failure for an airpl ane in the landing condition using any 
one of the wing conf igurations a s presented in figures 7, 9(a), ll(a), 
and 13(a), the detrimental effects of having the suction slots open and 
fan wlndmilling are clearl y shown. There i s a reduction in ~, 
about 0 . 10 t o 0 . 20 depending upon the flap configuration, and also an 
increase in the destabilizing pitching-moment tendencies. The maximum 
lift coefficients attained for this condition are in, all ca ses lower 
than those determined for the wing without suction. An interesting charac­
teristic of this condition is that the drag of the model at low lift 
coefficients is essentially unaffected by the slots-open fan-inoperative 
condition. . 

Drag characteristics .- The variations of measured drag coefficient 
with and witho~t bOQnQary- layer control are given in figures 7, 9, 11, 
and 13 . The drag coefficients as presented do not include blower- power 
drag coefficients . The a ddition of split flaps without suction gave 
large increments of drag whereas the leading-edge flaps increased the 
drag only 0 . 007 over the plain-wing drag coefficients. The application 
of boundary- layer control produced a trend toward the reduction of the 
measured drag coefficients in the higher lift-coefficient range. In 
the low and moderate lift-coefficient range for the two suction-flow 
conditions inve stigated there is no appreciable change in the measured 
drag coefficients over the sl ot-eealed condition. Although no appreciable 
drag reduction was shown at l ow lift coefficients, it is possible that 
an optimum configuration would result in some reduction in the measured 
drag coeffici ent as indicated by recent two-dimensional tests of a similar 
airfoil s ection . 
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In order to obtain the total drag coefficient with boundary-layer 
control , the drag coefficient equivalent to the power required to 
discharge the air removed from the boundary layer at free-stream total 
head must be included. The blower-power equivalent drag coefficient is 
determined from the relationship 

The variation of the pressure coefficient Cp with angle of attaGk 
for the model with and without high-lift devices and for suction flow 
coeffiCients of 0.024 and 0.037 are presented in figure 15. Co~putations 
of the approximate magnitudes of the power equivalent drag coeffi cients 
using average values of Cp over the angle-of-attack range, give value s 
of C

DE 
of 0.039 and 0.102 for flow coefficients of 0.024 and 0.037, 

respectively, for the plain-wing configuration. These values are 
undoubtedly high as no attempt was made to reduce the internal los~e s . 

From these calculations, however, it is apparent that the blower -power 
drag is an important factor to be considered when boundary-layer control 
is applied and every attempt should be made to keep internal losses at a 
minimum. For the ~est setup ,used, however, a CQ of 0.037 resulted in 
a blower drag coefficient which is approximately 20 percent of the total 
drag at CLmax and approximately 85 percent of the total drag of the 

model at low lift coefficients. The horsepower required for boundary­
layer control can be estimated by multiplying the equivalent drag coeffi­
cient by the wing area and the applicable values of free-stream velocity 
and dynamic pressure. 

Characteristics of the Wing with Square Tips 

The lift and drag characteristics of the wing with square tips are 
essentially the same as those presented for the wing with round tips. 
A summary of the maximum lifts obtained is presented in table II. The 
pitching-moment characteristics of the wing with square tips (fig. 16) 

show that with the 0.5~-span extensible leading-edge flaps installed 

and without boundary-layer control, there is a stable pitching-mom8nt 
break at maximum lift coefficient but precedei by a mild instability. 
The stable pitching moment at CLmax appears to be the result of the 
improved flow over the tips due to the fact that the outboard end of 
the flap was extended to the extreme tip. T~e stable break at CLmax 

did not occur for either the 0.6~-span and 0.71~-span leading-edge flaps 
and the stall progression was similar to that of the rounded-tip wing. 
Boundary-layer suction for flow coefficients of 0.024 and 0 .037 for both 
the 0.5o£.-span and 0.6OQ.-span l eading-edge flaps ,~ompletely eliminated 

2 2 
the instability at r~ and gave a stable pitching moment at ~. 

However, for the 0.71~-span flaps boundary-layer control did not 
eliminate the longitudinal instability at the maximum lift coefficient. 
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SUMMARY OF RESULTS 

The results of the investigation in the Langley full-scale tunnel 
of a 47 . 50 sweptback wing- fuselage combination equipped for boundary-layer 
control by suction with various high- lift devices are summarized as 
follows: 

1 . An increase in Reynolds number from 2.1 x 106 to 7.1 x 106 and 

from 2 . 1 x 106 to 5.0 x 106 for the plain wing and for the wing with 
semispan split flaps, respectively, caused a destabilizing shift of the 
linear portion of the pitching-moment curve and progressively moved an 
unstable break in the curve near the stall to higher lift coefficients. 
The increase in Reynolds number did not appreciably affect the lift and 
drag characteristics. 

2. Combinations of slots utilizing the forward most slot, 0.20c, 
are the most effective for boundary- layer control as initial separation 
occurred near the wing leading edge . Applying suction through the 0.70c 
slot was not effective in improving the wing characteristics. 

3. The maximum lift coefficient of the plain wing with the rounded 
tips and without boundary- layer control was 0.96. Boundary-layer s~ction 
for flow coefficients of 0.024 and 0.037 increased CLmax to values 
of 1 . 07 and 1.11, respectively, with suction through the 0.20c, 0.40c, 
and 0 . 70c slot combination. 

4 . Without boundary- layer suction maximum lift coefficients of 1.02 
and 1.09 were obtained for the wing with semispan and full-span split 
flaps, respectively. With a suction flow coefficient of 0.037 for the 
corresponding flap configurations the maximum lift coefficients were 1.14 
and 1 . 23. With and without boundary-layer control the model was unstable 
at the stall. 

5 . The application of boundary- layer suction with the 0.5~-span, 
0.6~-span, and 0.71Q-span extensible leading-€dge flap configurations 
prod~ced maximum lift coefficients of 1.14, 1.17, and 1.18, respectively, 
for the suction flow coefficient of 0.037 . Suction at flow coefficients 
of 0 . 024 and 0 . 037 resulted in longitudinal stability at the stall for 

both the 0.5~-span and 0.6~-span flap configurations. The 0.71~ -span 
flap configuration was unstable at the stall with and without boundary­
layer control. 

6. Combinations of 0 . 5~-span , 0.6~- 8pan, and 0.71~-span leading­
edge flaps with semispan split -flaps gave the highest maximum lift coeffi­
cients of 1.21, 1.24, and 1.28, respectively, for the suction flow coeffi­
cient of 0.037 . The model was longitudinally unstable at the stall for 
all configurations with and without boundary-layer control. 
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7. Changing the wing-tip shape from a round to a square tip had 
only minor effects on the lift and drag characteristics of the model. 
The longitudinal stability characteristics of the model were improved 
for the 0.5~-span extensible leading-edge flaps with and without 

suction. No appreciable changes in the longitudinal characteristics 
occurred for the other flap configurations. 

S. Boundary-layer control produced a trend toward the reduction 

13 

of the measured drag coefficients in the higher lift-coefficient range 
and did not appreciably change the measured drag coefficients in the low 
lift-coefficient range. For the plain wing the drag coefficient equiva­
lent to the blower power required to discharge the boundary layer at 
free-str eam total head is approximately 0.039 and 0.102 for values of CQ 
of 0.024 and 0.037, respectively. 

9. Blower-power failure would result in a reduction in the maximum 
lift coefficient and would also result in an abrupt longitudinal insta­
bility at the lower maximum lift coefficient. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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TABLE 1.- PRESENTATIOIi OF DATA 

Extensible 

figure 
Split leading-

CQ Remarks Type of data Coefficients flaps edge f'lape, 
percent apan 

5(0.) Off Off Slots sealed CL ~s:e2 .~e:o~~~ ~~06 
Reynolds number ~, So, and Cm 

effect a,gainst '" Sem1-
CL =e2.~e:o~~~ ~U:r Rounded t1p 5(b) epan Off Slots sealed 

Slot-location ~, Cr., and Cm 6 Off 0.024, 0.037 a. r8ll8e from 12° to effect Off 
above maximum 11ft 

RO\Dlded tip aealnet '" 

Maximum 11ft ~, Cr., aea1net '" 0, 0.024, Fan 1noperative 
7 Off Off 0.037 a. range Rounded tip c", aeainet Cr. 

Tuft studies --- ---- --- - -- -- -- - -- 8 Off Off 0, 0.037 a. ranee 
Rounded tip 

geml-
Off 

0, 0.024, Fan inoperat1ve 
9(0.) "pan 0.037 a. range 

Maximum 11ft ~, Cr. against '" RO\Dlded tip Cm against So 
0, 0.024, 

9(b) 
Full-

Off a. ranee 
"pan 0.037 

Tuft studies Seml-
Off 0, 0.037 --- --- - -. ---- -- - -- - - 10 a r8IlBe Rounded tip span 

li(a) Off O .~ 
0, 0.024-, Fan 1nopsratl VB 

0.037 a. range 

Ma.tl.mum 11ft Dj" Or. against '" li(b) Off O.~ 0, 0.024, 
a. ranse 

Rounded tip c", against Cr. 0.037 

li(o) Off 0 .71~ 0, 0.024-, 
a. range 

0.037 

Tuft studies ------ -- -- -- - - --- --- 12 Off o.~ 0, 0.037 a. ranee 
Rounded tip 

13(" ) 
geml-

O.~ 
0, 0 . 024, Fan inoperatl va 

epan 0.037 a. range 

Maximum lift Dj" Or. against '" 13(b) 
Sem1- 0 . 6o!t 

0, 0.024, a. range 0.037 Rounded tip c,. aea1nst Or. "pan 2 

13(0) 
Sem1- 0.71~ 0, 0.024, 

a. raoae epan 0 .037 

Tuft studies 14 
Seml-

o.~ 0, 0.037 a. range - --- - - - -- -- ------ ---
Rounded t1p epan 

Pressure--coefflcient 
----- -- ----- ---- - 0 . 023 , 0 . 037 Various flap 

curves Dp against '" 15 . configurations 
Rounded tip 

16( .. ) Off Off 
0, 0.024, 

a. r8.08e 0.037 

16(b) Off o.~ 
0, 0.024, 

0.037 a. range 

Maximum 11 ft C
L

, CD ae:ainet '" 
Square tip c", against Or. o.~ 0, 0 . 024, a. range 16(0) Off 0 . 037 

16(d) orf O . 71~ 
0, 0.024, 

a. r8D8e 0.037 



TABLE II. - SUMMARY OF MAXlMUM-LTIT RESULTS 

COnf'iguration CLma,x 

Split flaps Extensible leading-edge flaps CQ = 0 
slots, 

CQ = 0.024 Semi- Full- b 0 .6~ b sealed 
span span 0 . 5~ 0 . 712" and faired 

Rounded- tip wing 

0 ·96 1.07 

X 1.02 1 .09 

X 1.09 . 1 .16 

X 1.10 1.12 

X 1.09 1.13 

X 1.10 1.15 

X X 1.15 1 .19 

X X 1.14 1.21 

X X 1.15 1.23 

Square-tip wing 

0.96 1 .07 

X ·99 1 .07 

X 1.06 1 .12 

X 1.07 1.13 

X 1 .08 1.13 

X X 1.13 1.18 

X X 1.12 1.18 

X X 1.15 1.21 
--- ------- -

t£Lmax due to 
suction 

CQ = 0.037 CQ = 0 .024 CQ = 0 .037 

1.11 0.11 0.15 

1.14 .07 .12 

1.23 .07 .14 

1.14 .02 .04 

1 .17 .04 .08 

1.18 .05 .08 

1 .21 .04 .06 

1.24 .07 .10 

1.28 .08 .13 

1.11 0 .11 0.15 

1.13 .08 .14 

1 .14 .06 .08 

1.16 .06 .09 

1.17 .05 .09 

1.22 .05 .09 

1.22 .06 .10 

1 .25 .06 .10 

~ 

~ 
f.; 
:x> 

~ 
~ 
0 

t-I 

~ 
I--' 
00 

I--' 
\J1 
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46.411 

~_ _==$f=11.6" -0+-

I 342 '~ 

Total wing area: 
Rounded tip 
Square tip 

Aspect rat io 
Taper ratio 
Airfoil section 
Root chord 
Tip chord 
c 

229.4 sq. ft. 
231.0 sq. ft. 

3.5 
0.5 

NACA 64.-AI12 
10.8 ft 
5 .4 ft 
8.37 ft 

, . _ 4 34" ·1 

~ -E- ;--=-. E ~ 
~ 

Figure 1. - Three-view drawing of a 47.50 sweptback wing-fuselage combination with bounda ry­
layer control. 
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Figure 2. - Three-quarter front view of a 47.50 sweptback wing-fuselage combination with 
boundary-layer control. 
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r-0.21 b/2 

~0.7Ib/2-~ 

1--0.60 b/2 

, r-- 0 .50 b/2 

(b) Section AA. 

0 .08 b/2 

ti p 

19 

(c) Section BB.
127

...!..o 
2 

60·~20C' 
(d) Section ee. 

.0Ile'R 

(e) Enlo rged view of 
suction slot. 

Figure 3. - The location and detail dimensions of high-lift devices. 
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Figure 4 .- Schematic drawing of a 47to sweptback wing - fuselage combinat ion equipped for boundary - layer control by suction . 
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Figure 5. - Concluded. 
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Figure 6. - Effect of slot location on the aerodynamic characteristics of a 47.50 sweptback 
Wing-fuselage combination with boundary-layer control. Plain wing, rounded tips. 
R = 4.2 x 106. 

" 

0036 

0.024 

1'-

~ 
~ 

~ 
~ 
o 

r-t 

m 
f-' 
co 

f\) 
\Jl 



t;. 

J' .3 
.," 
~ 

~ ... .. 
" ,2 12 0 
u .. 
~ 
A 

J /.0 

0 .8 

0' 
.," 
Ii 
u .6 ... 
'-.. 
" 0 
u 

~ ,., 
.4 

Q 

C;;> 
---0-- 0 

r/J ~ 0(;24 
gs -<>- 0.037 

}'f& --6- Fan inoperaTi ve 

,d~ 
W 

! iI~ ~ A . 

! ~V ~~ ~ ~- -'~~~ 
I i ~~~ ~t:r~~~ eo~~~ J 

i ~~ ~E0 y-I!f =~ / 1 po' 
;;; ~ ~ ~-r ~V ~ . /)oV 

!A~ lit 
~~ t;;rr 

~W 1 
~-+~~~~~~~-r- 0] 

d~ . ~ 
~~ U 

~ 
'* ~-

'ii¢V I I I 

- 4 I Ie I 2~ .09 -.0 .08 :/, 

Anglo of attack, CIt, deg Pitching....,oment coefficient, C. 

ru 
0'\ 

~ 
f) 
~ 

2! 
~ 
o 

Figure 7. - Effect of boundary-layer control by suction on the aerodynamic characteristics t-i 

of 47.50 sweptback wing-fuselage combination. Rounded tips. R = 4.2 x 10 6. ~ 
co 



NACA RM No. LBE18 

l.0bQL Cm CL 
0- .8 

Cm 

- .04 - .6 
12 16 20 

Co' 0 
(Slots seoled) 

[J UNSTEADY FLOW 

O_:':~CL 
Cm CL 

- .04- .8 

Cm 
-.08- .6 

12 16 20 24 
a 

~ INTERMITTENT STALL 

mil STALL 

I 
r 
I 

Co'" 0.0:37 

27 

Figure 8. - Stalling characteristics of a 47.50 sweptback wing-fuselage 
combination with and without suction. 
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Figure 9. - Concluded. 
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Figure 10 . - Effect of semispan split flaps on the stalling characteristics 
of a 47.50 sweptback wing-fuselage combination with and without 
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Figure 13. - Continued. 
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