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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANIDM 

THE EFFECT OF SPAN AND DEFLECTION OF SPLIT 

FLAPS AND LEADING-EWE ROUGHNESS ON THE LONGITUDINAL 

STABILITY AND GLIDING CHARACTERISTICS OF A 420 

SWEPI'BACK WING EQUIPPED 

WITH LEADING-EDGE FLAPS 

By George L. Pratt and Thomas V. Bollech 

SUMMARY 

The effect of half-span and full-span split flaps through a 
deflection range of 00 to 600 on the low-speed, longitudinal charac­
teristics of a sweptback wing e~uipped with round-nose, extensible, 
leading-edge flaps was investigated at a Reynolds number of 6.8 x 106. 
Additional tests were made at a lower Reynolds number to determine 
the effect of leading-edge roughness on the longitudinal stabi'li ty 
of the sweptback wing equipped with 0·725-semispan and 0.575-semispan 
leading-edge flaps . The wing had 42.050 sweep at the leading edge, 
an aspect ratio of 4.01, a taper ratio of 0.625, and NACA 641 -112 
airfoil sections perpendicular to the 0 . 273 -chord line. 

Although all increase in split-flap span increased the maximum. 
lift, calculations of the power-off gliding characteristics indicate 
that the slight decrease in gliding speed obtainable with full-span 
flaps offers no appreciable advantages over half- span flaps. Both 
half-span and full-span split-flap deflections greater than 300 result 
in rapid increases in sinking speed with only a small reduction in 
gliding speed. For an assumed wing loading of 40 pounds per square 
foot, the full-span and half-span split flaps give sinking speeds in 
excess of 25 feet per second at all gliding speeds for flap deflections 
greater than 300 and 500 , respectively. The largest decrease in 
gliding speed for lowest increase in sinking speed is obtained by 
extending the leading-edge flaps with the trailing-edge f l aps 
undeflected. 

Neither half-span nor full - span split flaps had an appreciable 
effect on the stalling characteristics of the wing e~uipped with 
leading- edge flaps in the range of split-flap deflections t ested. 
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2 NACA RM L9E02 

Leading-edge roughness caused an undesirable variation of pitching 
moment at maximum lift when applied to the wing with 0.725-semispan 
leading-edge flap s but had little effect on the longitudinal stability 
with 0.575-semispan leading-edge flaps . 

INTRODUCTION 

In an attempt to improve the low-speed longitudinal characteristics 
of sweptback wings, various combinations of high-lift and stall-control 
devices have been tested in the Langley 19-foot pressure tunnel on a 
42 0 sweptback wing having NACA 641-ll2 airfoil sections . The results 
of these tests are reported in references 1 and 2. 

In order to supplement these tests, the present investigation has 
been conducted primarily to determine the effect of full-span and half­
span split flaps on the 420 sweptback wing through a flap-deflection 
range of 600 • It is expected that sweptback-wing airplanes will require 
some leadil~-edge device to eliminate the inherent longitudinal insta­
bility usually associated with swept wings at stalling angles of attack. 
The split flaps have been tested, therefore, in conjunction with a 
0. 575- semispan, round-noRe, extensible, leading-edge flap which has been 
shown to provide stability at the stall with and without split flaps 
(reference 2) . An analysis has been made to determine the effect of 
split -flap span and deflection on the power-off gliding characteristics 
of the 42 0 sweptback wing operating with an assumed wing loading 
condition. 

Roughness in the form of carborundum granule s was applied to the 
leading edge of the wing to determine the effect of surface condition 
on the stability of a Bweptback wing with a leading-edge flap deflected. 

The split -flap tests were made at a Reynolds number of 6.8 X 106 

and a Mach number of approximatel y 0 .16. The effect of roughness was 
determined at Reynolds numbers of 3.0 x 106 and 4.7 x 106. 

SYMBOLS 

The data are presented in standard NACA coefficient and symbol 
notation. The forces and moments are measured about a system of wind 
axes with the origin located on the root of the wing at a point corre­
sponding to the quarter-chord point of the mean aerodynamic chord. 

CL lift coefficient ~~~~ 
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lift coefficient corrected 

pi tching mOlll8nt to zero 

assumed equal to 1.0) 

drag coefficient (n:se) 
lift-drag ratio 

for tail lift re<luired to trim the 

Gail length e<luals 3c and ~t 

~L +~) 

pitching-mOlll8nt coefficient about O.25C (Pitchi~cmamen~ 

angle of attack, degrees 

free-stream velocity, feet per second 

mass density of air, slugs per cubic foot 

i'ree-stream dynamic pressure, pounds per s<luare foot (tPV2) 

free-stream dynamic pressure at the assumed tail position, 
pounds per s<luare foot 

basic wing area, s<luare feet 

local wing chord parallel to plane of symmetry, feet 

mean aero~amic chord parallel to plane of symmetry, feet 

(~ r/2c2~ 

bwing span, feet 

y spanwise coordinate 

Of split-flap deflection, degrees 

e angle of glide, degrees (cot-l E) 
V G gliding speed, miles per hour 

V s stalling speed, miles per hour 

Vv sinking speed, feet per second 

R Reynolds number (p:c) 
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coefficient of viscosity 

x distance from leading edge of root section to origin of axes 
system 

Subscript: 

max: maximum 

MODEL 

The model was constructed of laminated mahogany to conform to the 
plan form and dimensions given in figure 1. The wing had an aspect 
ratio of 4.01, a taper ratio of 0.625, an angle of sweepback of 42.050 

at the leading edge, and NACA 641 -ll2 airfoil sections perpendicular to 
the 0.273-chord line. The 0.273-chord line corresponds to the quarter­
chord line of the wing before the wing panels were swept back. The 
wing had no geometric twist or dihedral. 

The split flaps (fig. 2( a)) were constructed of sheet steel and 
were attached to the wing with wooden brackets. Flap deflections of 150 , 

300 , 450 , and 600 with the lower wing surface measured perpendicular to 
the 0 . 273-chord line were obtained by varying the angle of the attach­
ment brackets. The chord of the flap was equal to 18.4 percent of the 
local wing chord in the stream direction or 20 percent of the chord 
measured perpendicular to the 0.273-chord line. The half-span and full-

b b span flaps extended from the plane of symmetry to O. 52 and 0.9752, 

respectively. 

The round-nose, extensible, leading-edge flaps (fig. 2(b)) were of 
b b b b constant chord and extended .from·0.42 to 0.9752 and from 0.252 to 0. 9752 

b b for the 0 . 5752 and 0.7252 flaps, respectively. The flap chord was 

approximately 14·3 percent of the wing chord perpendicular to the 
0.273-chord line at the outboard end and 10 percent at the inboard 

end (0 . 2~} 

Prior to the present investigation, the wing had been altered for 
the addi tion of a leading-edge slat and the data of the plain wing with 
the slat retracted, which have been presented for comparative purposes 
(fig. 3), do not give the same lift characteristics at high angles of 
attack of the unaltered wing as reported in reference 3. There was 
little effect, however, on the aerodynamic characteristics of the wing 
when a leading-edge flap was added to the portion of the wing fitted 
with the slat. 
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Leading-edge roughness was obtained by applying No. &:J carborundum 
grains to a thin coating of shellac on approximately 2 inches of the 
upper and lower surfaces of the portion of the wing not fi t~ed with the 
leading-edge flap measured along the surface of the wing from the 
leading edge. Roughness was also applied to the initial 2 inches of the 
upper surface of the leading-edge flap. 

Figure 4 shows the model e~uipped with the 0.57~ leading-edge 

flaps and half-span split flaps. • 

TESTS 

The model was mounted on the two-support system of the Langley 
19-foot pressure tunnel as shown in figure 4. The tests were made with 

the air in the tunnel compressed to approximately 2± atmospheres . The 
3 

split-flap tests were made at a Reynolds number of 6.8 x 106, and the 
effect of leading-edge roughness on the wing eCluipped with leading-edge 
flaps was determined at Reynolds numbers of 3.0 X 106 and 4.7 X 106. 
Lift, drag, and pitching-moment characteristics were obtained through 
an angle-of-attack range from -40 through the stall. The stalling 
characteristics were determined by observation of wool tufts attached 
to the upper surface of the wing. 

The lift, drag, and pitching-moment data have been corrected for 
support tare and interference effects. Air-stream misalinement 
corrections have been applied to the angle-of-attack and drag 
coefficients. 

5 

The angle of attack and drag have also been corrected for jet ­
boundary effects and the pitching moment corrected for tunnel-induced 
di stortion of the loading using the corrections presented in reference 3. 

RESULTS AND DISCUSSION 

In order to provide a basic model configuration which would 
result in a stable break in the pitching moment at the stall, a 0.57~ 

2 
leading-edge flap was installed on the outboard portion of the wing 
throughout the split-flap investigation. It has been shown that, in 

b addition to its stabilizing effect, the 0 . 5752 leading-edge flap 

produced an increment of CLmax of 0.22 over that obtained for the 

plain wing (figs. 3 and 5)· 
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Effect of split-flap deflection on lift and stalling characteristics.­
The effect of varying the deflection of half- span and full-span split 
flaps on the ,lift and stalling characteristics of the 420 sweptback wing 
are presented in figures 5 to 7· A cross plot of maximum lift versus 
flap deflection (fig. 6) indicates that in proportion to their respective 
spans and at moderate deflections, the full- span split flaps were more 
effective in increasing maximum lift coefficient than the half- span 
spli t flaps . At a deflection of 600 the increase in lift coeffici ent 
was proportional to the flap span and re sulted in increments of CLmax 

of 0.16 and 0.32 for the half-span and full-span flaps, respectively. 

I n the range of split-flap deflections t e sted neither the half­
span nor full-span flaps had an appreciable effect on the longit udinal 
stability of the wing e~uipped with leading-edge flaps. The half- span 
f laps deflected 300 (fig. 5) resulted in a slight tendency toward 
instability before the stall, but the pitching moment broke in a stable 
direct ion at the stall. 

I t should be pointed out that the wing was e~uipped with an 
aileron which deflected slightly during the f lap tests. This deflection 
resulted in a slight forward movement of the wing center of pressure 
when compared with data from previous tests. (The effect was eliminated 
during the roughness tests by attaching the aileron rigidly to the wing.) 
The pitching-moment variation for the two aileron conditions is shown 
in figure 5. Similar changes would occur for t he split-flap-deflected 
configurations. 

Observation of wool tufts on the upper surface of the wing indicate 
that half-span and full-span split flaps had little effect on the manner 
in which the stalling pattern spread over the surface of the wing with 
increasing angle of attack (fig. 7)· 

Effect of split flaps on gliding characteristics.- The power - off 
glidi ng characteristics of the 420 sweptback wing with 0. 575Q leading-

2 
edge f laps and half-span and full-span split flaps at various deflections 
are presented in figure 8. Contours of constant values of gliding speed 
and sin,king speed for an airplane having a wing loading of 40 pounds 
per s~uare foot have been superimposed on the curves of lift-drag ratio 
versus lift coefficient for the various configurations. The gliding 
angles corresponding to the values of lift-drag ratio are also presented. 
The experimental lift-coefficient values have been corrected for the 
t ail lift re~uired to trim the pitching moment (fig. 5) to zero for an 
assumed value of ~t/~ of 1.0 through the lift range and tail length 
e~ual t o 3c. No attempt has been made to correct for the effects of 
fuselage, nacelles, landing gear, and other protuberances associated 
wi th an actual airplane, and the following discussion is based on the 
power - o ff condition only. 

• 
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In order to show more clearly the effects of split-flap spall and 
deflection on the gliding characteristics, a cross plot of sinki ng speed 
versus gliding speed for various deflections and spans is present ed in 
figure 9. Data for t:p.e wing without leading-edge or trailing-edge flaps 
are also presented for compari~on. Values corresponding to a gli ding 
speed 20 percent above stalling speed have been indicated on thi s figure 
for the various configurations. The 1.2V s point is believed to be the 
minimum. excess speed that would be used in a landing approach. 

Based on an arbitrary maximum. desired rate of descent of 25 feet 
per second and the assumed loading conditions, the half-span spli t flap 
deflected 600 would result in undesirable sinking speeds at all gliding 
velocities. The half-span split flap deflected 450 would provide desir­
able sinking speeds wi thin a amall range of gliding speeds, while 
deflections of 300 or less would give desirable sinking speeds a t all 
gliding speeds which may be expected in a landing approach. Full-span 
split-flap deflections greater than 300 result in sinking speeds greater 
than the desired ma.ximmn. at aJ.l gliding velocities. 

A comparison of full-span and half-spall split flaps at the same 
deflection (fig. 9) indicates that, although the full-span spli t flaps 
give a decrease in gliding speed, this advantage is largely offset by 
the increased rate of descent. From a comparison of the full- span and 
half-span flaps at a given sinking speed, it appears that t he sl i ght 
decrease in gliding speed and lower deflection required for t he full­
span flap offer no appreciable advantages over the half-s pan f l ap . I t 
is interesting to note that the greatest decrease in gliding speed for 
lowest increase in sinking speed is obtained by deflecting the leading­
edge flaps alone. 

. Effect of leading-edge roughness on longitudinal stabi lity. - Low­
scale tests of a semispa.n model of the same plan form and profile in the 
Langley two-dimensional low-turbulence pressure tunnel (ref erence 4) 
have shown that surface condition may have an appreciable effect on the 
stability of sweptback wings fitted with leading-edge flaps . The model 

with 0.72~ leading-edge flaps and half-span split flaps was found to be 

stable at the stall when in a smooth condition at Reynolds num.bers 
of 5.2 X 106 and 6.8 X 106 but unstable at a Reynolds num.ber of 3.0 X 106. 
(This unstable break at a Reynolds num.ber of 3.0 x 106 has been at tri­
buted to boundary-layer effects of the tunnel wall at the root of the 
semispan model.) The application of roughness to the leading edge, 
however, resulted in an unstable break in the pitching moment at all 
three Reynolds num.bers. 

Tests of a similar configuration on the full-span model in t he 
Langley 19-foot pr~ssure tunnel at a Reynolds number of 3 . 0 x 106 

l 



8 NACA RM L9E02 

(fig. 10) show that the pitching-mament curve broke in a stable direction 
for the amooth wing but varied in an erratic and unde sirable manner at 
t he st all when roughness was applied to the leading edge. 

Leading-edge roughness had little effect on the stability of the 

wing fitted with 0. 57~ leading-edge flaps with and without half-span 

split flaps (fig. 11). 

The effect of leading-edge roughness on the air flow on the upper 
surface of the wing is indicated in fi gures 12 and 13 . Tip stalling 
at high angles of attack resulted in the undesirable pitching-moment 

character i s tics of the 0.72~ leading-edge-flap configurat ion with 

r oughness . It appears that in the selection of a leading-edge-flap 
span t o provide a longitudinal stabilizing effect at the stall, 
consideration should be given to surface conditions which may influence 
the s~ability of the wing for certain critical flap spans. 

CONCLUSIONS 

The following conclusions may be made fram the tests of the 420 

swept back wing with various split-flap deflections and spans and the 
tests of the leading-edge flaps with roughne ss: 

1. Although an increase in spllt-flap span increased t he maximum 
l ift , calc,ulations of the power-off gliding characteristics indicat e 
that t he slight decrease in gliding speed obtainable with a full- s pan 
flap offer s no appreciable advantages over half-span flaps. Both 
half- s pan and full-span split-flap deflections greater than 300 re sult 
in rapid increases in sinking speed ~ith only a amall reduct i on in 
gliding speed. For an assumed wing loading of 40 pounds per s<luRre 
foot , the full-span and half-span split flaps give s inking speeds in 
exces s of 25 feet per second at all gliding speeds f or flap deflect i ons 
greater than 300 and 500 , re spectively. The largest decreas e in gliding 
speed for lowe st increase in sinking speed is obt ained by ext ending t he 
leading-edge flaps with 'the trailing-edge flaps undeflected. 

2 . Neither half- span nor full-span split flaps had an appreciable 
effect on the stalling characteristics of the wing e<luipped with leading­
edge f laps in the . range of split-flap deflections t est ed. 

--.. -- -~---
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3. Leading-edge roughness caused an undesirable variation of 
pitching moment at maximum lift when applied to the wing with 
0.725-semispan leading-edge flaps but had little effect on the 
longitudinal stability with 0.575-semispan leadi,ng-edge .flaps. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va. 
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Figure 1.- Plan form of 42° sweptback wing. Area, 32.24 s~uare feet; mean aerodynamic chord, 
2.892 feet; aspect ratio, 4.01; taper ratio, 0.625. (All dimensions in inches.) 

b 

~ o 
:z> 

~ 
t-i 

't.2 
o 
[\) 



NACA RM L9E02 

Section A-A 
(enlarged) 

0 .273-chord line ---,.--... 

A 

(0) Splif flops . 

1------66.54--------1 

Flop joins upper surface 
approximately 1/2 inch 
behind wing leading edge . 

4 .0 rad. 

0.5 diam. 

Section 8-8 
(enlarged) 

/ 

(b) Leading-edge flops 

0575b/2 ---...,--t--

Figure 2 .- Detail~ of trailing-edge split flaps and round-nose, 
extensible, leading-edge flap. (All dimensions are in inches.) 
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Figure 4.- The 42 0 sweptback wing mounted for test with O.57~ leading-edge flaps and half-span 

split flaps. 
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(a) Half- span sp11t flaps. 
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Figure 8.- Glide characteristics of a 42 0 sweptback wing with O .57~ 
2 
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leading-edge flaps at varioQs split-flap de~lections . Wing l oading, 

40 pounds per square f oot; R = 6.8 x 106. 
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Figure 9 .- Effect of split flaps on the gliding characteristics of 
the 42 0 sweptback wing. 
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Figure 10.- Aerodynamic characteristics of a 42° sweptback wing with 

0 .72~ leading-edge flaps and half -span split flaps with and without 
~ 

leading-edge roughness . R = 3.0 x 100; of = 60°, 
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Figure 11. - Aerodynamic . characteristics of a 42° sweptback wing with 

0 .57~ leading-edge flaps with and without leading- edge roughness . 
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(b) Half-span split flaps on; 5r = 60°; R 3·0 X 10 . 

Figure 11.- Concluded. 
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Figur e 13.- Effect of roughness on the stalling characteristics of the 

42° sweptback wing with 0 .57~ l eading-edge flaps with and without 

half-span split flaps . Or = 60° . 
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Figure 13 .- Concluded. 
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