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THE EFFECT OF BOUNDARY-LAYER CONTROL BY SUCTION AND OF 

SEVERAL HIGH -LIFT DEVICES ON TKH; AERODYNAMIC 

CHARACTERIsrICS IN YAW OF A 47.50 SHEPl'BACK 

WING-FUSELAGE COMBINATION 

By Jerome Pasamanick 

SUMMARY 

The effect of boundary-layer control by suction on the aerodynamic 
characteristics in yaw of a 47.50 sweptback wing-fuselage combination 
with high-lift devices and on the effectiveness of a split-flap-type 
aileron has been investigated in the Langley full-scale turmel. The wing 
section normal to the ~uarter-chord line was NACA 641-Al12, the aspect 
ratio was 3.5, and the taper ratio was 0.5. The configurations tested 
included the plain wing and the wing with semispan split and extensible 
leading-edge flaps. The investigation was made at a Reynolds number 

of 4.2 X 106 corresponding to a Mach number of approximately 0.07. 

The maximum effective dihedral of the plain wing with and without 
boundary-layer control was about 0.0031 at approximately 84 percent of 
the maximum lift coefficient. The installation of the semispan split 
flaps increased the maximum effective dihedral to 0.0037 as a result of 
the increase in lift but did not change the characteristic curve as 
obtained for the plain wing. Boundary-layer control increased the maxi
mum effective dihedral to 0.0042. The extensible leading-edge flaps 
alone or in combine.tion with the split flaps resulted in a linear varia
tion of effective dihedral with lift coefficient and a rapid increase 
in the dihedral effect near maximum lift. Boundary-layer cont rol 
produced an·additional increase in effective dihedral and resulted in a 
maximum effective dihedral of 0.0063 near the maximum lift. 

The wing-fuselage model had a small amount of directional instability 
and small lateral-force parameters for all flap configurations; however, 
there was a tendency for increasing directional stability with increasing 
lift coefficient. Boundary-layer control had no significant effect on 
the directional stability or lateral-force characteristics of the model. 

Unsweeping the wing by yaw increa.sed the effectiveness of t he split
flap-type aileron for all conditions. Further improvement in the aileron 
effectiveness was obtained with boundary-layer suction of flow coefficient· 
of 0.024 and 0.037. 
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INTRODUCTI ON 

The design of airplanes with l a r ge amounts of sweepback as a means 
for delaying the adver se compressibilit y effects on wings in high- speed 
flight pr esents many problems of s tabi l ity and control in low-speed 
flight . The character istics inher en t of sweptback wings including low 
maximum l ift , high ef fective dihedral, r educed longitudinal stability, 
and l ateral-contr ol def iciency have been determined in investigations on 
both small- s cale and large - s cale model s (references 1 and 2). Some improv~ 
ments in the l ow- speed character istics of sweptback wings have been shown 
with the use of vari ou s l eading-edge and trailing- edge high-lift devices. 
In an effor t t o i mprove f urther t he low- speed characteristics of sweptback 
wings an investigation ha s been ini t iated in the Langley full-scale tunnel 
on a 47 . 50 sweptback wing e quipped f or boundary- layer control by suction 
and with both l eading-edge and t rai l ing- edge flaps . The wing aspect ratio 
was 3.5 , the taper r atio was 0 . 5 , and the airfoil sections normal to the 
quarter-chord line wer e NACA 641 -All2 . The wing was mounted in a low rnid
wing positi on ~n a f u selage . 

The eff ec t of boundary-layer cont rol by suction on the lift, drag , 
and l ongi tudinal stabili t y characteristics of the model at zero yaw are 
reported in refer ence 3. The r esults of tests made t o determine the effect 
of boundary-l ayer contr ol by suct i on on the lateral stability character
istics of the model and on t he e;rect iveness of a split-flap - type aileron 
at a Reynolds number of 4 . 2 x 10 are presented herein. The effect of 
boundary-layer suction through s l ots located at the 0.20 - , 0.40-, and 
0.7b- chord positions was determined for suction-flow coefficients of 0.024 
and 0 . 03 7. Forces and moments wer e measured with and without suction for 
the basic wing and t he wing wit h semispan split and partial-span extensible 
leading- edge f l aps u sed alone and i n combination. The data are presented 
for a range of angl e of attack over a range of yaw angle between _100 

and 60
• 

SYMBOLS AND COEFFICIENTS 

The data are pr esented wi th r espe ct to the stability axes . These 
axes a r e an orthogonal system having t he origin at the center of gravity 
and in which the Z- axis is i n the plane of symmetry and perpendicul ar to 
the r elative wind, the X- axi s i s in the plane of symmetry and perpendic 
ular to the Z- axis , and the Y-aiis i s perpendicular to the plane of 
symmet ry. Moments are referred to the quarter-chord point of the mean 
aerodynami c chord. 

Cr. lift coeffic ient (~s) 

pi tching-moment coeff i cient (- M .'\ 
\ qSc) 
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( :'b\ rolling-moment coefficient ~;) 

yawing-moment coefficient r.. N ) 
" Cl8b 

lateral-force coefficient (Y~ 
Cl8) 

L lift, pounds 

M pitching moment about Y-axis, positive when nose is raised, 
foot-pounds 

3 

L' rolling moment about X-axis, positive when right wing is depressed, 
foot-pounds 

N yawing moment about Z-axis, posi ti ve when right wing is retarded, 
foot-pounds 

Y lateral force along Y-axis, positive when force is to the right , 
pounds 

8 total wing area, sCluare feet 

8' wing area covered by suction slots, square feet 

b wing span, feet 

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

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

c wing mean aerodynamic chord, measured in plane parallel to plane 

p 

v 

Q 

h
S
2 lb, /2 c2 d:Jb of symmetry, feet ~ :; 

free-stream dynamic pressure, pounds per sCluare foot (~pv~ 
mass density of air, slugs p~r cubic foot 

free-stream veloci~y, feet per second 

total quantity flow t hrough suction slots, cubic feet per second 

suction-flow coefficient t:Q~ 
\8 'V) 
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angle of attack of wing chord line , measured in plane of symmetry, 
d.egrees 

angle of yaw, d.egrees 

effective- dihedral par amet er , rate of change of rolling-moment 

coefficient with angle of yaw, per de gree (a~l~ 
directional-stability parameter , rate of change of ya7~~~ 

moment coefficient with angle of yaw, per degree ~ di) 

lateral- f orce parameter, rate 

ficient with angle of yaw, 

of change Of(~~:)eral_force 

per degree \:d~ 

coef-

right aileron defl ection, positive when trailing edge is defl ected 
downward , degrees 

aileron effectiveness , rate of change of rolling-moment coef 
ficient with right ailer on defl ection, pe r degree 

split-flap deflection, degrees 

ex tensible l eading- edge-flap defl e ction, degrees 

DESCRIPI'ION OF MODEL 

A three - view drawing showing the general dimensions of the model and 
a photogr aph of the model mounted in the Langley full-scale tunnel are 
given in figures 1 and 2, respectively . The wing has a leading-edge 
sweepoack of 47 . 50 , an aspect ratio of 3 . 5 , a taper ratio of 0 . 5 , and has 
NACA 641 - A1l2 airfoil sections normal to the quarter- chord line. The wing 

was constructed with no geometric dihedral, zer o incidence , and no twist 
and was mounted in a low midwing position on a circular fuselage . 

Boundary-laye r suction wa s applied through slots located on the upper 
surface of each wing panel at the 20- , 40-, and 70-percent chordwise 
stations . The suction slots extended from the 0 .5OQ- span to· the 

b 2 
0 .92-- span locations . The wing area affe cted by the slots was 83.8 sqUtLre 

2 
fe'3t . .D3tails of the sl ot installations are given in figure 3 (a), 3 (0), 
and 3 Cd) . 'the suction f low was directed through the s lots into a wing 
box beam which ducted the air directly to an axial-flow blower , and the 
air was then e j ected through the fUAel age tailpipe . 
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The high-lift devices tested in conjunction with boundary-layer control 
consisted of semispan split flaps and extensible leading-edge flaps. The 
dimensions and deflection angles of the split and extensible leading-edge 
flaps are given in figure 3(a), 3(b), and 3(c). 

The model was not e quipped with controls and, therefore, in order to 
obtain an approximate evaluation of the effectiveness of a lateral-control 
deVice, a 0.20-chord split-flap-type aileron was installed between the 

0 .5~- span and the 0 .88£-span stations. The simulated aileron was 
2 2 

attached to the right wing panel only and provided a deflection range of 
about 110 down from the lower wing surface and 150 up from the upper wing 
surface. 

TESTS 

The tests to determine the effect of boundary-layer control by suction 
on the lateral characteristics of the model were made on the standard yaw 
support and six-component balance system of the Langley full-scale tunnel. 
The data were obtained for an angle-of-attack range from small negative 
angles to the angle for maximum lift for yaw angles ranging from _100 to 60

• 

For each model configuration tests were made without suction (slots sealed) 
and with suction at flow coefficients of 0 . 024 and 0.037 . 

Aileron data were obtained at approximately 00 , ±4°, and _10
0 

yaw angles 
for a range of angle of attack between _0.80 and 17.90 • The aileron
deflection angles ranged between _150 and 110 in approximately 50 increments . 

All tests were made at a Reynolds number of 4.2 X 106 corresponding 
to a Mach number of approximately 0 . 07 . 

RESULTS AND DISCUSSION 

The results of tests of the plain wing and of the wing with leading
and trailing-edge-flap configurations, without suction and with suction at 
a CQ of 0 .024, are presented in figures 4 to 7. The basic data for CQ 

. of 0 .037 are not presented because of the similarity to the curves for 
the lower suction-flow coefficient. Stall-progression diagrams are 
presented in figure 8 f or the various flap configurations at a yaw angle 
of _60 and for suction-flow coefficients of 0 and 0 . 037 . The effects of 
boundary-layer control at suction-flow coefficients of 0 , 0 . 024, and 0 . 037 
on the stability derivatives arc shown in the summary curves of figures 9 
to 12. The basic data of the aileron tests are presented in figure 13, 
and the summary curve showing the effectivenbss of the split-flap-type 
aileron is given in figure 14 for suction-flow coefficients of 0, 0 . 024, 
and 0 .037. The stability parameters wer e determined by measuring the 
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of the respective data curves through ±4° yaw angle s for s everal 
of l ift coefficient below the stall. The effectiveness 
CIb was det e rmined by measuring the slopes of the rolling-

aR 0 
curve between baR of ±5 for each angle of attack. 

These data have been corrected for j e t-boundary eff ects, blocking 
effe cts , and stream alinement . The thrus t tare of the air-jet exhaust 
was negligible and the r efore was not considered. 

Characteristics of the Plain Wing 

The effective-dihedral parameter CIw for the plain wing without 

boundary- layer control increased with increasing lift coeffici ent to a 
maximum value of 0 . 0032 at a CL of appr o;ci matel y 0 . 81 and t hen 
decreased rapidly with further incr ease in lift coefficient (fig. 9). 
The maximum lift coefficient of the model at zero yaw is 0 .96 (ref erence 3) 
and at that lift coefficient the effective -dihedral parameter is r educed 
to apprOXimately 0.0086. Tuft observations showed that t he tip of t he 
l eading wing panel stalled first as is shown in figure 8 (a). The increa se 
in positive effe ctive dihedral in the low and moderate CL range is 

attributed to the increase in lift of the l eading wing panel possibly due 
t o an increase in effective velocity and effective section angle of attack 
as i t becomes unswept . Conversely, the r etarded wing pane l becomes mor e 
highly swept and thus retards the rate of lift increase . At a higher 
angle of attack the l eading wing stalls first, thereby r educing lift and 
producing a r eversal in the rolling tendency at that lift coeffici p.nt. 
These characteristics have also been observed in tests of similar swept
back wings having thin airfoil s ections (ref er ences 2 and 4). Boundary
layer control at suction- flow coeffici ents of 0.024 and 0.037 had very 
little eff ect on the variation of the maximum value of the eff ective 
dihedral with lift coefficient. The C

Iw 
value s were decreased slightly 

by boundary- layer suction up to a CL of 0.85 but due to the increased 
lift-coefficient range the maximum value of 0. 0030 was obtained at 
a CL of 0 . 95. A rapid r eduction in dihedral eff ect occurred at higher 
lift coefficients in a manner similar to the condition without boundary
layer control . 

The wing- fuselage combination produced a small directional instabil
ity which was slightly alleviated at higher lift coefficients. Bo~~dary

layer control a t flow coefficients of 0. 024 and 0.037 had very little 
effect on the directional characteristics of the model. 

The lateral-force parameter was not appreciably affected by boundary
layer control and has a value of l e ss than 0 .005 over the lift-coeffici ent 
range . 
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Characteristics of the Wing with High-Lift Devices 

Semispan split flaps. - The addition of semispan split flaps to the 
wing increased Cl from 0.0032 to 0.0037 for the slot-sealed condition 

'ljrmax 
and to 0.0042 for suction-flow coefficients of 0.024 and 0.037 (fig. 10). 
The variations of Cl'ljr with CL a-"'e very similar to those for the plain 

wing, and for all flow conditions the maximum value of Cl'ljr occurs at 

approximately O. 84C~x' Tuft diagrams, figure 8(b), show that the 

stall progressions for the wing with split flaps are very similar to those 
for the plain wing (fig. 8(a)). The split flaps do not aid in eliminating 
the tip stall at high lift coefficients; therefore, the sudden drop 
of CZ'Ijr still occurs near maximum lift. Boundary-layer control at a 

suction-flo~ coefficient of 0 .024, up to a CL of 0 .6, had no effect 

however, beyond this lift coefficient there was a more rapid 

Cz until the maximum value (~ 0.0042) was reached. This increase 
'Ijr 

in effective dihedral is attributed to the delay in stall over the wing 
region affected by the suction slots. Although boundary-layer suction at 
a CQ of 0.024 did clean up the flow throughout the low and moderate lift
coefficient range , the forward wing panel reached the stall angle before 
the trailing wing panel giving the reduction in Cl'ljr at high lift coef-

ficients. Increasing CQ to 0 . 037 increased CZ'Ijr somewhat over the lift

coefficient range from 0.26 to 0.8, after which the C
lv 

curve was similar 

to that for the lower flow coefficient of 0 . 024 . 

Split-flap deflection with and without boundary-layer control had no 
appreciable effect on the directional-stability or lateral-force parameters 
of the model. 

0.5~-span extensible leading-edge flaps.- With the installation of 

extensible leading-edge flaps the effective-dihedral parameter increased 
linearly throughout the lift range (fig. 11). 'l'he flow d..iagrams of 
figures 8(a) and 8(c) show that the leading-edge flaps wer e effective in 
delaying leading-edge separation and tip stall on the forward wing panel 
until high angles of attack thus permitting a uniform stall on both wing 
panels. The dihedral effect was greater with suction than without suction 
because the control of the boundary layer further delayed the stall over 
the outboard portion of the wing with the effect being more pronounced 
for the leading wing panel. The values of Cl'ljr at a CL of 1.03 were 
about 0.0040 for all suction-flow conditions tested. 

For th~s flap configuration, the model is also slightly unstable 
directionally ~~ ~ 0.009 f or all suction conditions up to a CL of 
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about 0.7 . Above this lift coefficient, suction produces a stabilizing 
effect which results in a small degree of stability at the highest lift 
coefficient. 

The 0.50£- span leading-edge flap had very little effect on the 
2 

lateral-force characteristics of the model with or without boundary-layer 
control . 

Semispan split flaps and 0 . 5o£-span extensible leading-edge flaps.-
2 

The combination of the semispan split flaps and the 0.5~span extensible 
2 

leading-edge flaps resulted in the largest dihedral effect at maximum 
lift for all the flap and suction configurations investigated (fig. 12). 
The variation of C2V with CL is nearly linear up to high lift coef-

ficients and near CLmax the dihedral effect is rapidly increased. The 

maximum value of C
2V 

for the sealed condition was 0.0055; and for the 

conditions with boundary-layer control, 0.0063. The extensible leading
edge flaps were effective in delaying the stall at the wing tip as shown 
by a .comparison of figures 8(a) and 8(d). 

The combination of flaps had no appreciable effect on the directional
stability and lateral-force parameters ove r t he other flap arrangements 
except at CLmax there is a destabilizing tendency directio~llY which 

may be associated with the rapid increase in dihedral effect. 

Aileron Effectiveness 

The use of extensible leading- edge flaps in order to delay tip stalling 
has been shown to produce high dihedral effect on the sweptback wing which 
in turn introduces difficult problems of lateral control. Inasmuch as the 
model was not originally provided with an aileron, lateral control was 
obtained by a simulated aileron consisting of a split flap attached to the 
outboard portion of the existing semispan split flap on the right wing 
panel. The effectiveness of the simulated aileron is given in figure 14 
for conditions with and without boundary-layer control. The aileron power 
for this split-flap-type control is low with the maximum increment in 
rolling-moment coefficient being of the order of 0.025. It is evident from 
the summary curves that sweep has a marked effect upon the aileron effec
tiveness. When the model was yawed to the left by approximately 100 , or, 
in effect , the sweep of the right wing decreased, the aileron effectiveness 
for the sealed condition increased by approximately 20 percent at low lift 
coefficients and approximately 70 percent at moderate · lift coefficients. 
The increase was approximately 30 percent for the highest suction-flow coef
ficient up to a lift coefficient of 0.9. In the higher CL range the 

----- ---------------------------------- -----------
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eff e ct iveness of the spli t -flap ailer on i s largely r educed. The i ncrea se 
in eff ect iveness in the low and moderate lif t-coef f icient range i s 
explained by the fac t that the '0 . 3 3~- span aileron extended outward only 

2 
to t he 0 .8~- span station; t her ef or e , a large part of the ailer on was 

2 
unaffected by early t ip stall . At high lift coeffici ents when the wing 
t ip s talled and the disturbed f low spread to t he r egion cover ed by the 
aileron, t he eff ectiveness was greatl y r educed . For all yaw att itude s 
boundary-l ayer control provided some impr ovement in t he eff ectiveness of 
t he s imulated aileron and in all instances the eff ect was mor e pronounced 
f or the larger flow coeffici ent in the higher CL range . 

In the tes t s of r ef er ence 3 the extens ible l eading-edge flaps produced 
t he most sati sfactory longit udinal s tabili t y characteris tics , and alt hough 
t his configurat i on was not t este d, i~ is possibl e that t he eff ectiveness 
of the split -f lap-type aileron would have been improved somewhat by the 
installation J f t he extensible l eading- edge f laps . 

SUMMARY OF RESULTS 

The r esults of t he eff ect of boundary-layer cont r ol by suction on 
the aerodynamic characteristics in yaw of a 47 . 50 swep t back wing-f uselage 
combinat i on wi th high-lift device s and on the eff e ctivenes s of a spl i t - flap 
type ailer on are summarized as f ollows : 

1 . The maximum eff ective dihedral of t he plain wing with and wi thout 
boundary- layer cont r ol was 0 . 0030 and 0 . 0032, r espect ively, a t l ift 
coeffici ents of appr oximatel y o . 84Ctmax. The dihedral eff e ct is con s id-

erably r educed a t higher lif t coef f icients . 

2 . Installat i on of s emispan split f laps i ncrea sed t he maximum 
ef fective dihedral to 0 . 0037 a s a r esult of the incr ease i n l ift but d i d 
not change t he characteristic curve as obt aine d for the plain wing. 
Boundary- layer suct i on increased C2t to about 0 . 0042 at approx imately 

O.84C~. 

3 . The addi t i on of t he extens ible l eading-edge f l aps a lone and in 
combination with t he split flaps produced a linear variat i on of C2 t 
wi t h ~L and a rapid increa se in the dihedral ef fect near ~. 

Boundary- layer control produced an additional increa se i n effective dihe 
dral and r esulted i n a maximum value of C2 of 0 :0063 near maximum lift . 

t 
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4. Without boundary-layer control the model was directionally unstable 
for all flap configurations with a tendency for increasing directional 
stability as the lift coefficient increased. Boundary-layer control produced 
no significant effect on the directional stability of the model. 

5. The model has amall lateral-force parameters for all configurations. 
Boundary-layer control had no material effect on the lateral-force 
characteristics. 

6. Ungweeping the wing by yaw increased the effectiveness of the split. 
flap -type aileron for all conditions. Boundary-layer suction improved the 
aileron effectiveness with the improvement being more pronounced for the 
higher flow coefficient. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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Figure 1. - Three-view drawing of a 47.50 sweptback wing-fuselage combination with boundary
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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Figure 3. - The location and detail dimensions of high -lift devices, 
boundary-layer suction slots, and split-flap-type aileron on a 47.50 

sweptback wing-fuselage combination. 

~ 
f-' 
\Jl 



J" 
.; 
c ., ... 
!l ... ... 
" 0 
0 ., 
0 .. 
0 ... 
I .... .. .. ., ... 
:l 

c 
<> 

... 
rn ... 
0 ... ... ... ., 
0 
0 

... 
c ., 
e 
il 
I 
tv 
c 
~ .. 
>< 

.... 
<> 

... 

. ./ 

0 

-./ 

.02 

0 

...,02 

. 0 4-

.0 2 

o 

~ -.02 
il 
I 
Ul 

!i ... ... 
~ -.04 

-/2 

"!! - r--~ -~ ~ 

-- :~~ 
~F~ ":::"-~ ~ ....-

a, deg 

--0 - 0. 5 

--0 5.1 

-----0 10. 6 

- --e. 16. 2 

/' 
;Y- /A> 
y-

( d ~.::.- :Y 
E ___ 

&:;/ 0-
1--- --

ii ==-- ----V' 

-8 -4- o 8 

., 
0 

.; 
~ ... 
0 ... ... ... ., 
0 
0 

... ... ... .., 

e 
<> 

... 
Ii ... 

/.2 

/.0 

·8 

·6 

.4-

.2 

0 

o 

~ --:04-... ., 
o 
o 
., 
c 
11 -.08 
S 
I 

"" <: ... 
.c: 
o ., ... .. -'/2 

- /2 

Angle of ya w, JV , deg 

(a) CQ = O. 

~ - -

< --- - -

~ 
(v/ " 
E " . / 

( // 
/' 

c. 

-8 

NAeA RM No. L8E21 

\ 

- --, f'>- - . --z - --, --"'- -I" 

- - 1>-- - - - - -< - - ;>- --I> 

J- p 

- :,.. 

~ F - --- ~-
~, P - . ......,~. '8> ....-

V "-
f> 

~ 
o 8 

Figure 4. - Aerodynamic characteristics in yaw of a 47. 50 sweptback wing
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