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NAeA RM No. L8D29 

NATIONAL ADVISORY CO~~TTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

WIND-TUNNEL INVESTIGA'UON OF HIGH- LIFl' AND STALL -CONTROL 

DEVICES ON A 370 SWEFTBACK WING OF ASPECT RATIO 6 

AT HIGH REYNOLDS NUMBERS 

By William Koven and Robert R. Graham 

SUMMARY 

Results are presented of an investigation in the Langley 19-foot 
pressure tunnel of the longitudinal characteristics of a semispan model 
wing having 370 sweepback of the leading edge, an aspect ratio of 6, 
and NACA 641-212 airfoil section perpendicular to the 27-percent-chord 
line. Several types of stall-control devices including extensible 
round-nose leading-edge flaps, a leading-edge slat, and a drooped 
leading edge were investigated; partial- and full-span t railing-edge 
split and double slotted flaps were also tested. In addition, various 
combinations of the aforementioned. leading- and trailing-edge flaps 
were investigated. The tests covered a range of Reynolds numbers 
between 2.00 x 106 and 9.35 X 106 . 

The wing with or without trailing-edge split or double slotted 
flap was longitudinally unstable near maximum lift due to tip stalling. 
The addition of an outboard half-span leading-edge flap or a leading
edge slat to t he plain wing or wing with inboard half-span split flaps 
eliminated tip stalling and resulted in stable moment variations at 
the stall. The drooped leading edge, on the other hand, was only 
effective when used in conjunction with an upper-surface fence. 

The combination of an outboard leading-edge device and inboard 
half-span double slotted flap resulted in an undesirable loop in the 
pitching-moment curve near maximum lift in spite of an inboard stall. 
The loop is attributed to the section characteristics of the double 
slotted flap. Air-flow surveys behind the wing indicated that a 
suitably placed horizontal tail would eliminate the loop in the moment 
curve. 

For combinations wi t h split flaps, upper and lower limits exist 
for the span of the l eading-edge device between which stability at the 
stall can be obtained; a critical span of the leading-edge device was 
found, however, below which reducti ons in maximum lift resulted. 
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The maximum lift coefficient of the plain wing was about 1.27. 
Maxi mum lift coefficients of about 1.5 and 2.0 were obtained for 
combinations of an outboard half-span leading-edge device with' inboard 
half-span spli t and double slotted flaps, respectively. The highest 
maximum . lift coefficients were obtained with drooped leading edge 
plus fence combinations with trailing-edge flaps. An increase in 
trailing-ed~e flap span from half to full span did not produce appreciable 
increases in maximum lift when the accompanying changes in trim were 
taken into account. 

INTRODUCTION 

Numerous investigations have been devoted to a study of the low
speed longitudinal characteristics of swept wings. (For example, see 
references 1 to 3 .) As indicated by these studies, two of the major 
difficulties associated wi th sweptback wings are low values of maximum 
lift coefficient compared with unswept wings and in~tability a t the 
stall du~ to tip stalling. 

As far as maximum lift is concerned, the available data are confined 
mainly to investigations of plain wings and wings with split flaps. 
Even with split flaps, the maximum lift coefficients have been relative~ 
low and it is indicated that investigation of additional high-lift devices 
such as a double slotted flap would be desirable. 

One method of eliminating tip stalling which has been used suc
cessfully (reference 4) involves the use of a leading-edge device located 
on the outboard sections of the wing span. Several types of leading-edg3 
devic'es have been tried, that is, extensible round-nose leading-edge 
flap, leading-edge slat, and so forth; but no direct comparison to assist 
in the selection of the most satisfactory device has been made. 

With the above considerations in mind, an investigation has been 
conducted in the Langley 19-foot pressure tunnel on a wing having 370 

sweepback of the leading edge and an aspect ratio 6. I t should be 
pointed out that the wing plan-form variables were such that , according 
to the stability boundary presented in reference 1, tip stalling and 
instability at the stall would be expected. In addition to the basic 
wing characteristics at high Reynolds number, the investigation was 
concerned mainly with (a) the effectiveness of double slotted flaps 
and split flaps, (b) whether a leading-edge device would eliminate tip 
stall on the particular plan form used, (c) the dete rmination of the 
relative merits of several types of leading-edge devices, and (d) the 
magnitude of maximum lift coefficients and the type of stall associated 
with various combinations of leading- and trailing-edge devices. 

l 
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The semispan reflection-plane model was e~uipped with three types 
of leading-edge or st all-control devices, namely, a round-nose extensib1e 
leading-edge flap, a l eadi ng-edge slat, and a drooped leading edge. In 
addition, the wing was provided with partial- and full-span split and 
double slotted f laps. Additional devices, such as a fence and outboard 
pitch flaps, were also inves t igat ed. The model configurations were 
tested alone and in combination through a large angle-of-attack range 
at Reynolds numbers varying from 2.00 X 106 to 9.35 X 106 . Lift, 
drag, and pitching-moment data and stall studies are given for some of 
the more important configurations. 

COEFFICIENTS AND SYM BOLS 

The data are referred to the wind axes with the origin at the 
~ua.rter chord. of the mean aerodynamic chord.. The data have been 
reduced to standard. NACA nondimensional coefficients which are defined 
as follows: 

lift coefficient (~s) 

maximum lift coefficient 

drag coefficient Gi) 
pitching-moment coefficient ~_M~ 

\:JSc) 
(e~c\ R Reynolds number ~~~ 

Me stream Mach number 

a angle of attack of root chord. line, Qegrees 

angle of attack a t CLmax 

CL lift-curve slope (dC:2\ 
a . \.da/ 

€ dOWllWCl.sh angle, degrees 

Z vertical distance above chord plane extended 

L lift 
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D drag 

M pit ch ing moment about 0.256 

S wing area 

b wing span 

flap span 

mean aerodynami c chord 

c local wing chord parallel to plane of symmetry 

y lat eral coordinate 

y lat eral coordinat e of centroid of lift 

(eV2~ Cl dynamic pressure \:-) 

Cl
t 

dynamic pressure at tail 

V free -stream veloci t y ' 

~ coefficient of viscosi t y 

p densi t y of air 

o flap deflection 

Subscript s: 

n nose 

a aileron 

MOD E' LAN D T EST S 

MODEL 

Th e mode l used in the investigat i on was a semispan wing mount ed on 
a r efle cti on plane and single s t rut as shown in figure 1. It was of 
stee l const ruc t i on and had an aspect rat i o of 6, a t ape r rat io of 0. 50 , 
and 370 swe epback of t he l eading edge. The airfoil s e c t i on pe rpendicular 

-) 
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to the 27-percent-chord line was the NACA 641-212 profile. The general 
plan form and some of the principal dimensions of the model are given in 
figure 2 (a) . 

Details of the geometry of the various stall-control devices are 
shown in figures 2(b) to 2(d). The drooped l eading edge (which could be 
deflected to three positions) and the leading- edge slat covered half 

the wing semispan extending from 0.45~ to 0.95]. The round-nose extensible 
leading-edge flap, on the other hand, was constructed so that several 
flap spans could be investigated at one deflection. The leading-edge 
flap was of constant chord, whereas both the slat and the drooped leading 
edge were of constant percent chord. 

The model was so constructed that when the l eading edge was drooped, 
the slat was in the retracted position . Thus, slight discontinuities in 
contour existed at 0.14c and 0.02c of the upper and lower surfaces of 
the wing, respectively, for the drooped leading-edge configurations. 
No such discontinuities were present, however, on configurations without 
stall-control devices or configurations with leading-edge flap where a 
different leading edge was used. 

The stall-control fence is shown in figures 2(e) and 2(f). The 
fence was located at 0.50~, had a constant height of 0.60 the maximum 

2 
thickness of the ~ing at t hat spanwise location, and extended over the 
chord as indicated on the figure. 

The model was equipped with two types of trailing-edge flaps, 
namely, split and double slotted, both of which could be tested half and 
full span. The design parameters for the double slotted flap were 
chosen on the basis of two -dimensi onal wind-tunnel data given in 
reference 5. A schematic drawing showing the design details of these 
flaps is presented in figures 2(g) and 2(h). 

Photographs of the model and reflection plane mounted in the tunnel 
and of the various stall-control devices installed on the model are 
presented as figure 3. 

For model configurations with leading-edge roughness, No. 60 . 
(O.Oll-inch diameter) carborundum particles were applied by means of 
a thin coat of shellac to the forward 8- and 2-percent of the wing 
/upper and lower surfaces, respectively. Roughness for the slat-extended 
configuration was applied in the same manner to the leading edge of the 
slat and to the leading edge of the inboard sections of the wing. 

_J 
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TESTS 

Tests were made in the Langley 19-foot pressure tunnel with the 
air compressed to approximately 33 pounds per square inch. In order 
to cover as wide a range of Reynolds n~bers as possible, several 
tests were made at a tmospheric pressure. The Reynolds numbers and 
their corresponding Mach numbers obtained in this investigation are 
as follows: 

R Me 
2.00 X 106 0.08 
3.00 .12 
4.36 .08 
5·30 .10 
6.Bo .13 
8.10 .15 
9·35 .18 

Lift, drag, and pi tching mome~t were measured through an angle
of-attack ~ge extending well beyond maximum lift. In addition, stall 
studies of some of the more interesting configurations .were made by 
visual observation and from motion-picture records of the behavior of 
wool tufts attached to the upper surface of the wing. The majori ty 
of the tests and the stall s t udie s were conducted at a Reynolds number 
of about 6 , Boo ,000. Downwash and dynamic-pressure surveys were made 
behind the wing for the slat and half-span double-slotted-flap 
configurati on. 

CORRECTIONS TO DATA 

The lift, drag, and pitching-moment data presented herein have 
been corrected for air-stream misalinement but have not been corrected 
for support tare and interference effects . Previ ous experience on 
complete mode ls indicate s that corrections f or the effects of the tare 
and interference caused by the model supports consist of (a) a constant 
shift in the pitching-moment curve (about -0. 008), (b) a slight 1ncre~se 
in lift -curv~ slope (about 0.0008), and (c) a decr ease in drag in the 
l ow lift range. 

Jet-boundary corr ections obtained by combining the methods of 
references 6 and 7 were made to the angle of attack and to the drag 
coef ficient and are as follows: 

fu = 1.12CL 

6CD = 0 .0164CL2 

L-_____________________ - ---- ---- . . - . 

... 

" 
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The correction to the pi t ching-moment coefficient caused by th~ tunnel
induced distortion of the l oading is 

t£m O.OlOlCL 

All corrections were added to the data. 

RESULTS AND DISCUSS ION 

7 

The results of the investigation of the plain wing and wing with 
trailing-edge f laps are presented in figures 4 to 7. Figures 8 to 12 
show the effect of leading-edge devices, and figures 13 to 22 show the 
effect of various combinat i ons of leading-edge and trailing-edge devices • 

. Several additional tests were made to de termine the effect of varying 
the leading~edge flap span; only the maximum lift.and pitching-moment 
charact eristics of these configurations are presented (fig. 16). The 
spanwise location of t he cent roid of lift is presented for several 
configurations in figure 23. A summary of the more important results 
of the investigation is presented as t able I. 

PLAIN WING AND HIGH-LIFT DEVICES 

Lift Characteristics 

The data f or the plain wing and wing with spli t and double slotted 
flaps are presented in figures 4 to 7. The lift curves for all conditions 
were relatively linear up to maximum lift except for a slight rounding 
at high angles of a t tack • . In all cases the maximum lift coefficient 
and angle of attack at maximum lift were very well defined indicating 
a rather Budden breakdown of the flow at the critical angle. 

Lift-curve slope.- The lift-curve slope was calculated from two
dimensi onal dat a using the method sugge sted in reference 8 where the 
aspect ratio is based on t he true length of the quart er-chord line. 
The lift-curve slope was also obtained from the charts of reference 9 
which assume a section lift-curve slope of 2n. The two methods 
predic~ed values of lift-curve slope of 0.071 and 0.066, respectively, 
as compared with the value of 0.070 obtained experiment ally. 

Effect of flap deflection.- Incr ements in lift at zero angle of 
attack and at maximum lift are presented in fi gure 5 as a function of 
flap span. The data f or the half- and full-span flaps were taken from 
figure 4; in order to obtain more complete data on t he effects of flap 
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sp~ some additional tests on intermediate split-flap spans were made. 
Only the ,lift increments for the supplementary tests are presented. 

An attempt·was made to estimate the increments in lift at zero 
angle of attack from two-dimensional data utilizing a method for unswept 
wings outlined in reference 10. The equation was modified and sweep 
taken into account as follows: 

EeL 

where 

J factor depending on aspect ratio, taper ratio, and flap span 
(reference 10) 

6c 2 two-dimensional lift increment 

CL calculated lift-curve slope of the swept wing 
o'A 

A angle of sweep of quarter-chord line 

It is believed that the form of the revised equation represents the 
first-order effects of sweepback. The calculated curves 'are given in 
figure 5 as the dashed lines. 

Considering the split-flap configurations, it can be seen that the 
effect of inboard s~ans up to 0.5~ was calculated with reasonable 

. r 2 
accuracy. For spans greater than 0.5~, on the other hand, the theory 

greatly overestimated the contribution of the flap. No such noticeable 
departure from theory has been obtained on unswept wings; this abnormal 
loss of outboard flap effectiveness may be typical of split flaps on 
sweptback wings. 

The data for the double-slotted-flap configurations are considerably 
different from those for the split flap. The double slotted flap 
produced larger increments in lift throughout the flap-span range t han 
t he t heory predicted, and the outboard span did not lose i t s effectiveness 
beyond what might be expected from the 'simplified theory. 

The reason for this difference between the split and double slotted 
flap is not-apparent. The effects of sweepback on the variat i on wi th 
flap span of the increment in lift due to flap deflecti on appear to be 
dependent on the type of flap under consideration. 

Figure 5 also shows that the increments in lift at maximum lift a r e 
considerably less than at zero angl e of attack. The magni t ude of this 
effect , however , appears to be of t.he same order as on unswept wings of 
similar a irfoil section. (See r efe r ence 11.) 

---- --- -
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Maximum lift .- As far as the maximum lifts are concerned, they can best 
be s~rized in t he following table. The values of CLmax listed below 
are untrimmed val ues : 

Flap ~x 
None 1.27-

b spli t 1.55 0·5-
2 

.0.5'Q 
2 

double 1.92 

1.0~ spli t 1.65 

1.0'Q double 2· 32 
2 

Pi tching-Moment Char~cteristics 

Except for the full-span double-slotted-flap condition, the pitching
moment curves were fairly linear, and f or the most part, parallel to one 
another (fig. 4) . In all case s the moment at t he s tall broke in an 
unstable direction, that is, in a nose-up direction . 

The trim change s brought about a s a r e sul t of flap deflection are of 
special interest . A comparison of the data from f i gure 4 with similar 
data from reference 11 shows that t he f ull-span split and double slotted 
flaps produced changes in t rim which were of t he same magnitude as on an 
unswept wing with approximately t he same airfoil section. The semispan 
flaps, however , produced considerably smaller t rim changes than was noted 
on the unswept wing . The half-span split flaps caused practically no 
change in trim, and t he half-span double slotted f laps effected less 
change than the full - span spli t flaps. (See f ig . '4(b).) The smaller 
trim changes a s sociated wi t h t he half -span flaps a re a result of the 
increased lift over t he i nboard portions of the wing ahead of the 
0.256 point. 

The changes in t rim would r equi r e a ba l anc i ng down load at the tail 
which would reduce the available lif t. For exampl e, assuming a tail 
length of 2.0c and a centdr-of - gravity l ocation of 0.256, the available 
lift at 0.85CLmax will be r educed as indicated· in the following 
table: . 
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Flap 0 .85CLmax o . 85C~x(trim) 

None 1.08 1.05 

b sp11 t 1.32 1.28 0·5 -2 
b double 1.63 1.54 0·5 -2 
b split 1.40 1.29 1.0-
2 

1.012 
2 

double 1.97 t.66 

It appears that litt le gain in the usable maximum lift coeffici ent 
is obtained from an increase in flap span from half to f ull span. 

Drag Characteristics 

Referring to the drag polars (fig. 4), i t can be se en t hat , in 
general, t he effects of the flaps are similar to t hose on unswept wings; 
that -is, for a given lift coefficient the half - span spli t flap had 
lower drag than t he same span double slot ted flap, and the full-span 
split flap had higher drag than the full-span double slotted flap. 

Stalling Characteristi cs 

The s t alling characteristi cs f or the plain wing and half-span 
trailing-edge flap oonfigurations are pre sent ed in figure 6. For all 
configurat ions t he s tall occurred rather suddenly, encompassing t he 
en t ire out er half of the wi ng semispan. Pri or to the. s t all a marked 
out flow along the wi ng t rai ling edge was observed . This cross flow 
was mos t severe for the plain wing and r esulted in a r egi on of rough , but 
not s t alled, flow a t the t railing edge of the t ip sections. This 
appa rent ly r educed the lift ef f e ct iveness of t he out board sect ions, because , 
upon examinat i on of the pi tching-moment and ·lift curves, i t can be s een 
t hat a noticeable nosing-up tendency and rounding of t he lift curve 
occurred concurrent ly wi th the r ough flow. Similar but l ess s evere 
condit ions prevailed wi th doubl e slot t ed flaps but did not occur wi t h 
spli t flaps. 

Sca l e and Roughness Effect 

The ef fects of a fai rly wide va riat i on in Reynolds number on 11ft , 
drag , and pi tching moment of the plain wing a r e s hown in f i gure 7. At 
l ow Reynolds number s the lift curves we r e we ll r ounded near maximum lift , 
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whereas at Reynolds numbers of 4,350,000 and higher the curves were 
characterized by sharp peaks. As might be expected, CLmax increased 
with increasing Reynolds number, the rate of increase being greatest 
between Reynolds numbers of 3,000, 000 and 4,350,000. 

II 

There were no important scale eff ects on the pitching-moment curves 
near CLmax; in all cases the moment broke in an unstable direction . 

One test was made to determine the effects of leading-edge roughness 
on the aerodynamic characteristics of the model at a Reynolds number 
of 6,800,000 . The results (fig. 7) show that the leading-edge roughness 
caused a reduction in CLmax and a decrease in the lift-curve slope in 
the high lift range. The roughness also caused irregularities in the 
pitching-moment-coeffici ent curve near maximum .lift. The reduction 
in CLmax was not so large as that obtained in similar tests of 
a 420 sweptback wing reported in refer ence l2. The smaller reduction 
in CLmax is believed to be, in part, due to the smaller relative size 
of the carborundum grains used for the roughness in the present investi
gation. The reasons for the peculiar behavior of the pitching-moment 
curve are not apparent. 

STALL-CONTROL DEVICES 

The data for the various stall-control devices are presented in 
figures 8 to ll. It should be r emember ed that the slat was present in 
the retracted position for all the t ests with the leading edge drooped 
(including zero angle of droop). The irregularities in profile due 
to the presence of the s lat had a noticeable eff~ct on maximum lift 
as can be seen f r om the comparison with the plain wing (fig. 8). 
In evaluating the eff ect of the drooped l eading edge, reference 
should therefore be made to the zero droop angle condition and not 
to the configuration possessing the continuous profile. 

The previous r emarks do not apply to the l eading-edge flap or 
slat configurations ; the data for these conditions should be 
compared directly with the data for the wing without the 
discontinuities. 

Lift Characteristic s 

In general, th~ effect of the drooped leading edge was to shift 
the lift curve so as to make the angle of zer o lift more positive 
(fig. 8) and to increase the angle of attack for maximum lift. The 
maximum lift coefficient was increased approximately O.ll and was, in 
the main, independent of the angle of droop. 

[ 

~ 
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Figure 9 shows a comparison between the round-nose leading-edge 
flap and the l eading-edge slat; it also shows the ,effect of two spans 
of the l eading-edge flap . The addition of the l eading-edge flap increased 
the lift -curve s l ope an amount approximately proportional to the increase 
in area caused by the flap; the slat, on t he othe~ hand, had a negligibl e 
effect on CIa.. With the leading-'edge flap or slat, the maximum lift 
coeffici ent, was not a very well defined parameter in that the lift 
curves near CLmax were fairly well rounded. The effects of varying 
the span of the l eading-edge flap on CLmax can be obtained from figure 16. 
It can be seen that extension of the leading-edge flap inboard from 
the O.95~ station caused a decrease in maximum lif t until the inboard 

end of the flap reached the 0. 60 semispan station; further extensions 
inboard, however, produced increases in CLmax. The loss in maximum lift 
obtained with the smaller span flaps is attributed to premature stalling 
behind the inboard end of the flap which apparently counteracts the 
increase in lift contributed by the flapped portion of the wing. 
Although similar premature stalling occurs with the larger span flaps, 
the increment in lif t effected by the large span"flap i s great enough 
to produce a net increase in maximum lift. Unpublished data indicate 
that the eff ects of varying the span of the slat would probably be 
similar to those shown for the leading-edge flap. 

Pi tching-Moment Characteristics 

The primary function of t he s tall-control devices is to delay tip 
stalling and to cause the inboard sections to ,stall first . This 
presumably would produce a nose -down pitching IDOment at t he stall. 
Thus, insofar a s the stall-control devices are concerned, the greatest 
interest center s about their eff ect on wing pitching moments near 
maxi mum lift . 

Wit h the drooped l eading edge , for all the angles of droop, the 
pitching-moment curves showed a marked but gradual destabilizing trend 
several de grees prior to the stall similar to that for the no -droop 
configuration . At the stall, however, the curves broke in a stable 
direction except in the case of the 400 droop. In general, it might 
be said that the drooped l eading edge did not di splay sati sfactory stall
cont rol qualities . 

The l eading-edge flap and the slat proved to be adequate with r egard 
to s tabilizing the moment near t he stall. There was no appreciable 
t endency toward instability prior to the stall except for the larger 
span l eading-edge flap. This destabilizing eff ect for the 0.70~ flap, 
although not s o marked as for the drooped lead~ng edge, might be 
consider ed undes irable . 

': 
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The effects of varying the l eading-edge flap span over a fairly 
wide range are shown , in figure 16(b). It can be seen that flap spans 

b b between 0 .3752 and 0.702 provi ded s table pitchi ng-moment variations at 

13 

the stall. The pitching moment a t the stall f or the full-span flap was 
unstable similar t o that obtained wit h the plain wing. 

Data on a 420 swept back wing of aspect rat i o 4 (reference 4)) 
ha ving an outboard l eading-edge slat differing f r om the present slat) 
indicated t hat the particular slat configuration used was not completely 
sa tisfactory as a stall-control device . If t he difference in angle of 
sweep 'between the present wing and that of r ef er ence 4 can be considered 
of secondary i mportance, the inference may be drawn that ver y careful 
attention must be given to the slat -position parameters if the full 
benefits of the slat are to be realiz ed. 

stalling Characteris tics 

The s talling characteristics of the wing wi th the various stall
control devices are presented in figure 10. 

The drooped l eading edge did not pr~uce a sa tisfactory stall 
pattern. Al t hough the origin of the stall was inboar d (behind the 
inboard end of the drooPh the stall itself moved outboard r a ther 
suddenly as the angle of attack was increased. 

Comparing the leading-edge flap and slat it can, be seen that, in 
general, the origin and progression of the s tall were very similar. In 
both cases t he s tall originated behind the inboard end of the device 
and spread i nboard and outboard. The outward movement of the stall) 
however) was not so great for the slat as it was for the flap configuration. 
A stall pattern such as produced by either the l eading-edge flap or 
slat is believed satisfactory from t he standpoint of wing longitudina~ 
stability at or near maximum lift. 

Drag Characteristics 

When the stall-cont rol devices are us ed, t he dra g characteristics 
are mainly of inter est at high lift coefficients . Figure 8 shows that, 
for lift coefficients above 0.70, the drooped l eading edge had very 
little effect on the drag of the plain wing. Comparison of the drag 

curves for the 0. 50~ l eading-edge flap and slat (fig. 9) indicates 

that, for all prac t ical purposes, t he drag characteri stics of the two 
devices are the same a t high lift coeffici ents . Although the drag was 
less for the drooped l eading-edge conf i guration than either the flap or 
the slat) the diff er ences i n drag do not appear to be of major importance. 
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Additional Stall-Control Devices 

Fence.- The stall studies with the leading edge drooped indicated 
that the droop was effective in displacing the initial point of stall 
inboard but was not adequate in preventing the separated region of flow 
from moving outboard. In an effort to prevent this outward shift, 
an investigation was made to det ermine the effects of an upper-surface 
fence . This fence was of constant height and placed slightly outboard 
of the inboard end of the droop. The data for this configuration are 
shown in figure 8. 

The lift and drag characteristics of the drooped leading-edge 
configuration were not noticeably altered by the addition of the fence ; 
the pitching-moment characteristics near and at the stall, on the other 
hand, were markedly improved. In spite of a slight destabilizing trend 
several degrees prior to the stalling angle , the general shape of the 
pitching-moment curve was such that the combination of droop plus 
fence might be considered satisfactory. The fence in combination with 
the droop apparently straightened the cross flow to such. an extent 
t hat outwa~d spread of the stalled r egion was delayed. From a comparison 
of the stall studies showing the effects of the fence on the wing with 
l eading edge drooped and neutral (fig. 11) it can be seen that the fence 

I , 

did not materially influence the origin of the stall but only prevented 
the outward progression once the stall had started. The tip stalling 
associated with the unflapped w~ng was relatively unaffected by the 
addition of the f enc 3. 

Wing twis t . - Some inter es t has been shown toward the possibility 
of incorporating washout in the outer wing panels of sweptback wings 
as a means of eliminating tip stalling. Since. the model in this 
investigation could be equipped with a plain 0 .20-chord aileron extending 
over the outboard 50 percent of the wing span (for use in a subsequent 
lateral control investigation), an opportunity arose to simulate wing 
twist by deflecting the ailerons. Although aileron deflection does 
not exactly r eproduc e the effect of.- twist, it i a believed that some 
correlation does exist for wings of moderate camber and thickness. 

Figure 12 shows the characteristics of the plain wing as affected 
by several aileron deflections. The data show that a definite improve
ment in the wing pitching-moment characteristics several degrees prior 
to the stalling angle was effected by the 200 and 250 up aileron 
deflecti ons, but that no improvement at the stall itself was produced. 
The magnitude of the twist at high angle s of attack corresponding to 
250 up ailer on i s difficult to estimate . The data of reference 13, however, 
indicate that 200 up aileron on a similar airfoil are equivalent to 
about 90 at l ow angles of attack but only about 3.50 of twist at the stall. 
I t would appear, t her ef or e, that large amounts of t wist would be required 
to eff ect any appreciabl e change in the wing stalling characteristics . 

.. 
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COMBINATIONS OF HIGH -LIFT AND STALL-CONTROL DEVICES 

The previously discussed data have shown that tip stalling was 
eliminated by use of the various stall-control devices and that reasonably 
h igh values of maximum lift were obtained with either the half-span 
split or double slotted flap. In the case of the forme~ the maximum 
lifts realized were comparatively low, and for the latte~ the wing was 
still longitudinally unstable at CLmax- Consequently, the various 
high-lift and stall-control devices were tested in combination to 
obtain an indication of the highest maximum lift coefficient obtainable 
with a stable pitching-moment variation at the stall. The data for the 
combinations are shown in figures 13 to 22. 

Lift Characteristics 

Combinations with split flaps.- Figure 13 shows the data for the 
half-span split flap in combination with leading-edge flaps of several 
spans. The variation of CLmax with the span of the leading-edge flap 

when the half-span split flaps were deflected is shown in figure 16. 

The leading-edge flap caused reductions in CLmax until the span 

was extended inboard to about the 0.4 semispan station. Extension of 
the flap inboard of the 0.4 semispan station produced increases in CLmax 

The action of the flap in the presence of the split flap was similar to 
its action whe~ no trailing-edge flaps were on the wing. The reductions 
in CLmax due to the short-span l eading-edge flaps, however, were 
considerably larger with the trailing-edge flaps deflected. 

A comparison of the lift characteristics for three equal-span 
leading-edge devices is shown on figure 14. Comparing figures 8 and 14, 
it is evident t hat the drooped leading-edge combination produced the 
highest increments in maximum lift. The increments in maximum. lift 
due to the combinations of l eading- and trailing-edge devices were 0. 38, 
0 .31, 0 .19, 0.16 for the droop~d l eading edge, the droop plus fence, 
the leading-edge flap, and. the slat, r espectively. 

Combinations with double slotted flaps.- Figure 15 shows the effect 
of two spans of the l eading- edge flap and also compares the droop, slat, 
and flap . The variation of CLmax with span of l eading-edge flap is 
shown in figure 16 . 

As waS true with the split flap, the addition of leading-edge flaps 
reduced CLmax until the span of the flap was ext ended inboard to 
abput the O~--semispan station. Extension of the flap inboard of that 
station increased CLmaxo 
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Comparing the droop, slat, and flap, it can b e seen that (a) the 
maximum lift coefficients for the equal ,span flaps and slat were 
about t h e same and (b) that the drooped-leading-edge combination produced 
the highest increment s in maximum lift coeffici ent. Unlike the split
flap configurations, however, the addition of the fence to the droop 
configuration effected a noticeable increase in maximum lift. 

Although the data are not presented, it should be mentioned that 
extending the slat on the 300 drooped leading edge caused a reduction 
in maximum lift as compared to the drooped leading edge without the 
slat extended. 

Pitching~oment Characteristics 

Combinations with split flaps.- The data indicate that stability 
at the stall can b e obtained when a leading-edge device and a split flap 
are used together if the span of the leading-edge device is suitably 
chosen. For example, figures 13 and 16(b) show that the 0.50~ leading

edge flap produced a nosing-down moment at the stall, whereas the 

0.70~ flap combination caused the pitching-moment-coefficient curve t o 

break in a stable direction at CLmax but in an unstable direction as 

the lift dropped off in the stall. This unstable break was eliminated 

by a r eduction in flap span from 0.70~ to 0.65]. The data also indicate 

that a minimum flap span exists below which unsatisfactory longitudinal 
stabili ty charac t eri stic s at maximum lift will result. The comb ina tiona 
with 0.375~ or 0.25~ leading-edge flap displayed a nosing-up tendency 

at CLmax followed by a nosing-down tendency as the lift decreased in 

the s tall. This loop was eliminated when the span of the leading-edge 
b ' flap was extended to 0.502. It is believed that the l eading-edge 

slat would act in a similar manner. 

The slat and leading-edge flap configurations b ehaved similarly at 
the stall in that a nosing-down moment was obtained. The drooped 
leading edge, however, was not as effective as the ~lap or slat, as 
was indicated by a marked destabilizing trend several degrees prior to 
the stall. As in the case of the droop alone, the addition of the fenc e 
resulted in a pitching-moment curve that was satisfactory at the stall 
(fig. 14). 

Combinations with double slotted flaps.- For all of the combinations 
with double slotted flap s , a typical l oop in the moment curve (fig. 15) 
was noted at high lift coefficients. The loop was such that it showed 
noSing-up moments at CLmax but r eversed to give stable ,moments as the 

lift dropped of f in the s tall. The' stall studie s f or these configurat i ons 
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(fig. 18) show t he same type of stall progression as was obtained by the 
stable combinations with spl it f laps and indicate that the initial 
instability was not caused by a loss in lift over the outer portions 
of the wing . Two-dimensional data for the airfoil and double-slotted
flap configuration used on the subject wing show decided instability at 
the stall . (See refer ence 5 .) This instability has also been noted 
on other. double-slotted-flap airfoil sections and appears to be 
characteristic of that type of flap . Thus the initial stall occurred 
over a portion of the wing where the predominant factor i n the wing 
pitching moment was the instability of the double -slotted-flap section. 
As the angle of attack was i ncr eas ed ) the stall progression was such 
that the moment due to the l oss in lift over the inboard portions of the 
wing exceeded the unstable mo~ents due to the flap) r esulting in the 
nose-down portion of the loop . 

The eff ects of varying the l ead ing- edge flap span on the pitching
moment characteristics of the double - slotted -flap combinations 
(fig. 16(b)) are somewhat obscured by the characteristics of the 
double slotted flaps . The pitching-moment characteristics are similar 
for all combinations of l eading- edge flap and double s l otted flap 
regardless of l eading- edge f l a p span. 

Drag Character istics 

In the high -lift- coeffici ent range there wer e no important differences 
in the drag characteristics of the various combinations with split 
flaps other than the lift coeffici ent at which the shar p drag rise 
occurred. The onset of the drag rise is associated with a break in the 
lift curve .. 

Similar r esults wer e obtained for the combinations with double 
slotted flaps. 

The drag was higher f or the double - s l otted -flap configurations than 
for the split -flap configurat i ons . In the high lift range (below the 
drag-rise lift coefficient) the greater drag of the double-slotted-flap 
combinations does not appear to be of great impor tance from the standpoint 
of r elative sinking speeds. In particular) assuming a wing loading 
of 40 pounds per square foot and sea - level condi t i ons) the sinking speeds 
at 0.85CLmax are about 20 and 22 feet per second for the split- and 

double-slotted-flap configurations ) r espectively . 

Stalling Characteri stics 

The stall patterns for t h e several combinations are illustrated 
in figures 17 and 18 . In general) the discussions of the stall progressions 
given in connection with t he l eading -edge devices alone apply to the 
combinations with trailing -edge flaps . 
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Downwash and Dynamic-Pressure Measurements 

In order to determine wheth er a suitably placed horizontal tail 
would eliminate the unfavorable l oop in the pitching-moment curve for 
the double - slotted- f lap combinations, downwash and dynamic -pressure 
SlITVeys wer e made behinQ the wing. The particular combination used 
was the l eading- edge slat plus double s l otted f lap. 

A plane approximately 2 .0c behind the 0.25c point of the wing was 
surveyed; the area s urveyed was f r om about 0. 9c above to 0. 3c bel ow 

b b the chord pla ne extended and from 0. 152 to 0. 372 out f r om the plane of 

symmetry. The dat a were obtained by means of the survey apparatus 
described in detail in r efer ence 14 and are presented in fi gures 19 
and 20 . To obtain tail-on pit ching-moment curves, a constant-chord 
tail of area 0.158 and aspect ratio 3 was a ssumed. Aver age values of 
downwash and dynamic pressure wer e obtained by integrating the survey 
data across the span of t he assumed tail . 

Pitching-mo~ent dat a were computed f or t hree vertical l ocations 
of the horizontal tail and are presented in figure 21. The data show 
tha~ a lthough the three t ail l ocations sel ected for illustration 
eliminated the loop in the moment curves near maximum lift, some 
instability was present . Of the three tail heights investigated, it 
appears that t he high position offer ed the most satisfac tor y characteristics . 

8pale and Roughness Effec t 

In order to obtain an indication of the effects of scale and 
r oughness on a typical combination, several additional tests on the 
slat and double -s l otted-flap configurat i on wer e made . The data are 
presented in figure 22 . 

In general, the scale eff ect was very simil ar to that obtained on 
the plain wing; maximum' lift coefficient increased as the Reynolds 
number was increased, and no important eff ects on stability at ~x 
wer e obser ved . The eff ect of r oughness was to r educe maximum l ift and 
to cause a slight r ounding of the lift curve at the high angles of 
a ttack . Unlike the plain wing, no irregularities in the pitching
moment curve occurred . 

8panwise Position of Centroid of Lift 

Information concer ning the spanwise l ocation of the center of the 
l 0ad distribution over a wing is desir abl e f r om the struc t ural stand
point . Inasmuch as the model used in thi s investigation was a s emispan 
model,it was possible to determine the centroid of the l oading f r om 
ih.=; furce and r olling-moment data wi thout r esor ting to pre ssure -
.~ i. 1 i rj tut i on m.o::a s ur ::-'ments . 
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The variation of the spanwise position of the centroid of the 
loading with lift coeffici ent for several wing configurations is presented 
in figure 23 . The centroid given in figure 23 is that due to the total 
l oading, that i s , the basic and additional loadings . The data show that 
(a) up to the stall there was a negligible change in t he load centroid 
for the basic wi ng and wing with half-span leading-edge slat, (b) deflection 
of the inboard t railing- edge flaps moved the c entroid inboard, and 
(c) with 'flaps deflected t he centroid of the load moved outboard with 
increasing lift coefficient. These r esults are in qualitative agreement 
with those expected f r om theoretical considerations. 

Some computations wer e made to determine the degree of accuracy 
to which the spanwise pos ition of the centroid of the loading could be 

, calculated. The charts of r eference 9 were used to determine the position 
of the centroid for the plain wing. Agreement between theory and 

y 
experiment was very good, the theory predicti~g b12 = 0.452 a~d 

e~periment yielding values varying between b/2 = 0.458 a~ b/2 = 0.451· 

Y 
The variation of b /2 with CL for the half-span trailing-edge 

flap was calculated for t h e split-flap condition from the following 
equation : 

where 

cos2A 

spaDwi se pos ition of c entroid for addi tional loading with 
sweepback taken into account (reference 9) 

rolling-moment coefficient a t zero lift due to basic 
loading on' on e panel of unswept wing 

For purposes of compari son, the above equat i on was used to c'Jmpute 
the variation for an unswept wing of the same a spect ratio and taper rati o . 
The calculated curves are shown by the dashed lines in figure 23 · 

The results indicate tha~for the given condition, the spanwi s e 
var iation of the centr oid with lift coeffici ent was calculated wi t h 
r easonable accuracy . It should be pointed out t hat the equation given 
above was based on t he a ssumption that sweep did not affect t he di stribut i<,~ 
of the basic lift but only affected the eff ectiveness of t he flap . From 
t he close agre ement be tween exper iment and theor y it appears as if th~ 
assumption '..ras r el ativel y valid . 
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SUMMARY OF RESULTS 

The r esults of the wind-tunnel investigation of high -lift and 
stall-control Qevices on a 370 sweptback semispan wing of aspect ratio 6 
may be summarizeQ as follows: • 

1 . The 'wing with or without trailing- eQge split or Qoubl e s lotteQ 
flaps was 10ngituQinally unstable near maximum. lift Que to tip stalling. 

2 . The aQQition of an outboarQ half - span l eaQing-eQge flap or 
leaQing- eQge slat to the plain wing or wing with inboarQ half - span 
split flaps eliminateQ tip stalling and resulted in stability at the 
stall. The QroopeQ leaQing eQge, on the other hanQ, was only eff ective 
when useQ in conjunction with an upper - surface fence. 

3. The combination of an outboarQ leading-eQge Qevice anQ inboarQ 
half-span Qouble slotted flap resulteQ in an unQesirable l oop in the 
pitching-moment curve near maximum lift in spite of an inboarQ stall. 
The loop is attributeQ to the section characteristic s of the Qouble 
slotted flap. Air-flow surveys behinQ the wing show8Q that a suitably 
placeQ tail woulQ eliminate the loop in the moment curve . 

4. For combinations with split flaps, upper and lower limits exist 
for the span of the l eaQing- eQge Qevice between which stability at the 
stall can be obtaineQ; a critical span of the leaQing-eQge Qevice was 
founQ, however, below which r eQuctions in maximum. lift r esulteQ. 

5. The maximum. lift coefficient of the plain wing was about 1.27 . 
For combinations of an outboarQ half-span l eaQing- eQge Qevic e with an 
inboard half-span split f l ap or Qouble s lotteQ flap, maximum lift 
coefficients of the orQer of 1.5 anQ 2.0, r espectivel y, wer e obtaineQ. 
It is also inQicateQ that the QroopeQ l eaQing eQge plus fence 
combinations with trailing-edge flaps would give the highest maximum 
lift. 

6. An increase in trailing-eQge f lap span from half to full span 
QiQ not proQuce appreciable increases in maximum. lift when t~e accompanying 
changes in trim were taken into account. 

Langley Aeronautical Laboratory 
National AQvisory Committee for Aeronaut ics 

Langley FielQ , Va . 
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TABLE 1.- SUMMARY OF RESULTS OF INVESTIGAT1uN OF HIGH LIFT AND 

STALL CONTROL DEVICES ON A 370 SWEPTBACK SEMISPAN WING 

T.E. L.E. lhtr.!mmed amax Q~ Conf'iguration device devi ce CLmax (deg) Cm characteri stics 
(b/2 ) (b/2 ) 

c::::: - Off Ofr 1.27 19·0 0.081 p25" 5 
Crn O ~ 

--11~ 
I 

1.42 26.0 ,r'c:::.. ==- Off 0·500 .123 

0 -~-+-? ==- Off ·5°0 1.28 20.0 .084 r--
{al -.1 

-]~ 
I 

? ~ orr ·500 1.28 18·9 .085 
(al 

.. 

--l 
I I I 

Off .500 1.~9 24·0 . .102 

'I 
r== -

--:1 
I I I 

1 Ofr ·700 1.41 25. 0 ·093 

0·500 orr 1.5-5 17·1 .134 °1~ -.1 
c:: \" --11 ~ ·975 Off 1.65 15·1 .157 

-.2 

U 

~c::::: \ ·5°0 ·5°0 1.43 15. 0 .124 -.1 
-----, 

-.2 

. 1 ' , I 18.1 .124 ? \' ·5°0 ·500 1.55 
(a) -.1 --------v 

------ --t---------.. 

J 
I I I 

I 

~ ~ ? ·500 ·500. 1.49 16.0 .122 
(a ) I 

a I~adlng ~dge drooped 30°; slat I n retracted position 

l 
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FIg . No. 

4 

9 

8 

8 

9 

9 

4 

4 

14 

14 

--

14 
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TABLE 1.- SUMMARY OF RESULTS OF INVESTI GATION OF HI GH LIFT AND STALL 

CONTROL DEVICES ON A 370 SWEP TBACK SEMISPAN WING - Concluded 

Conf igurati on Cm c~arac ter ist lcs 

O. ')00 1.46 0·500 .121 r
J 1.0 1·5 

0-::::: I , 

-~ ----r 
~O 

·500 18.2 .128 
°t _ \ 
-.It 

.500 ·700 21.3 .129 o I ___ 1 __ 1 ___ \...,---1-

·5°0 ofr 1.92 

·975 Off 2·32 11.9 
-·5 t 
-.61 

·5°0 · 500 .l41 

? ___ :z--:~ e;.-

(a) ~ 
·500 .50 0 1.94 

-~t 
-.2+ 
~I 

/ ~ 

?--.-..==-"" 
(a) ~ 

·500 . 500 2.02 17·4 
-~t 

-.2+ 

·500 ·500 1.87 13·4 
-.2 

p 
-

F ig. No. 

13 

13 

13 

4 

4 

15 

15 

15 

15 -'l~ 
~--~--+---+---+---4-~-------------T--~ 

-.1 
·500 2.06 15 

a Lead i ng edge drooped 30°; slat 1n retracted position. 
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(b) L eadlig - edge 
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0.6 x maximum airToil rhi~s.s 

(e) Fe,?ce w/fh droop~d /eod/'rg edge and 
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(r) Fence Wlfh drooped lead/ng edge and 
douj)/e -slofled flap. Sponw/se localJon, 

. :5ome as (q). ~ 

Figure 2,- C onfinued . 
'"'-,.NACA./r' 

--"-../" 



NACA RM No. L8D29 

/ 
/ 

OZ7c h"ne / . 
/ 

A 

~------------- .38f------~ 

Secfion A-A (Enlorged) 

(g) .Spllt flop. 

OZ7c lint? 

/ 
k--- - - .50! 

48.85° 

1------------ .975 ~ -----------4 

(h) Double-slotted IIOf). 

Figure ,? - Cone/{/ded. 



.---~ .. ~--
--- " ~ ---

NACA RM No. L8D29 29 

(a) Model mounted in tunnel. 

Figure 3. - Tunnel s etup and various stall-control devices on model. 
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(b) Leading-edge slat. 

Figure 3. - Continued. 
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(c ) Drooped leading edge . 

Figure 3. - Continued. 
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Cd) Extensible round-nose leading-edge flap. 

Figure 3. - Concluded. 
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