
RM L51D20 

NACA 

RESEARCH MEMORANDUM 

LOW-SPEED INVESTIGATION OF SEVERAL TYPES OF SPLIT FLAP 

ON A 47.70 SWEPTBACK-WING - FUSELAGE COMBINATION OF 

ASPECT RATIO 5.1 AT A REYNOLDS NUMBER OF 6.0 x 10
6 

By Stanley H. Spooner and Ernst F. Mollenberg 

Langley Aeronautical Laboratory 
Langley Field, Va. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONALJTI~S 

WASHINGTON 
July 10, 1951 

https://ntrs.nasa.gov/search.jsp?R=19930086609 2020-06-17T13:59:04+00:00Z





1 NACA RM L5lD20 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

LOW-SPEED INVESTIGATION OF SEVERAL TYPES OF SPLIT FLAP 

ON A 47.70 SWEPl'BACK-WING - FUSELAGE COMBINATION OF 

ASPECT RATIO 5.1 AT A REYNOLDS NUMBER OF 6 .0 X 106 

By Stanley H. Spooner and Ernst F. Mollenberg 

SUMMARY 

A low-speed wind-tunne~ investigation has been conducted at a 
Reynolds number of 6.0 X 10 to determine the longitudinal aerodynamic 
characteristic s of a 47.70 sweptback-wing - fuselage combination equipped 
with split flaps and various modifications thereof. The modifications 
consisted of extended split (Zap), rotated split, step split, and tri­
angular flaps. The wing had an aspect ratio of 5.1, a taper ratio 
of 0.383, and NACA 64-210 airfoil sections normal to the 0.286-chord 
line. The maximum wing thickness in a streamwise direction was 7.5 per­
cent of the wing chord. 

The largest values of maximum lift coefficient CLmax and incre-

ment of lift coefficient were obtained with deflection angles of the 
order of 400 with those flaps having hinge lines located on or near the 
wing trailing edge and compare favorably with the values obtained with 
double slotted flaps of the same span. When the wing is equipped with 
leading-edge flaps, the longitudinal stability in the high-lift range 
below C~ax is dependent upon the type of trailing-edge flap and the 

degree of deflection. 

Maximum lift coefficients up to 1. 65 were obtained with extended 
split-flap configurations having stable pitching-moment characteristics 
at CImax. 
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INTRODUCTION 

As part of an investigation to supply additional information con­
cerning the effectiveness of various types of flaps on wings having 
sweptback plan forms) together with the effects of flap deflection) span) 
and chordwise position) the effectiveness of various types of flap has 
been evaluated on a 47 .70 sweptback-wing - fuselage combination. Ref ­
erence 1 presents the results obtained from tests of single slotted 
flaps . The present paper reports the results of tests of flaps of the 
split type . 

The te sts were conducted
6
in the Langley 19-foot pressure tunnel at 

a Reynolds number of 6 . 0 X 10 and a Mach number of 0 .14. The wing had 
an aspect r atio of 5.1) a taper ratio of 0.383) and NACA 64- 210 airfoil 
sections normal to the 0 . 286-chord line. For most of the tests a fuse­
lage was attached to the wing. The flaps investigated were split) 
extended split (Zap)) rotated split) step split) and triangular) and 
were tested in combination with several spans of leading-edge flap. 

NOTATION 

The data are referred to a set of axes coinciding with the wind 
axes and originating in the plane of symmetry at the quarter-chord point 
of the mean aerodynamic chord. All wing coefficients are based upon the 
dimensions of the basic wing. 

CL lift coefficient (Lift/qS) 

C~ax maximum lift coefficient 

6CL increment of lift coefficient due to flap deflection) measured 
at ~ = 80 

CD drag coefficient (Drag/qS) 

Cm pitching-moment coefficient (Pitching moment/qSc) 

q free-stream dynamic pressure) pounds per square foot 

S wing area) square feet 

, 
I 
I 
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c wing chord, parallel to plane of symmetry, feet 

c' wing chord normal to 0.286c, feet 

b/2 semispan of wing, normal to plane of symmetry, feet 

y spanwise coordinate 7 normal to plane of symmetry 7 feet 

LID ratio of lift to drag 

R Reynolds number, based on mean aerodynamic chord 

Of flap deflection, degrees 

angle of attack of root chord, degrees 

angle of sweepback of the 0.286c line, degrees 

e angle of glide, degrees ~ot-l ¥~ 
gliding speed, miles per hour 

Vv sinking speed, feet per second 

MODEL 

The principal dimensions of the model are shown in figure 1. The 
wing, which was of solid- steel construction, had NACA 64-210 airfoil 
sections normal to the 0 . 286-chord line. The sweepback of the 
0 . 286-chord line (0 . 25c ') was 450 , the aspect ratio was 5 .1, and the 
taper ratio was 0.383. The maximum wing thickness in a plane parallel 
to the plane of symmetry was 0 . 075c. The wing was uniformly twisted to 
produce 1.320 washout at the tip and the dihedral angle was 00 . The 
wing was located on the fuselage in a midwing position and at 20 inci­
dence with respect to the fuselage center line. The fuselage was of 
circular cross section and had a fineness ratio of 10. 2 . 

The geometric characteristics of the leading-edge flaps and the 
trailing-edge flaps are shown in figures 1 and 2, respectively. All 
flaps were fabricated from either steel or aluminum sheet and the 
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brackets were of steel. The leading-edge flaps had a constant chord of 
0.098c and a deflection of 450 . The outboard end was fixed at sta­
tion 0.975b/2 for the several spans tested. 

The trailing-edge split flaps had a constant percent chord of 0.20c' 
and could be deflected 150 , 300 , 450 , and 600 • With the fuselage 
attached to the wing, the flap sections inboard of station 0 .144b/2 were 
removed. 

The extended split and rotated split flaps were so designed that 
when they extended from the plane of symmetry to the 0.50b/2 station 
the areas were equal to the area of the split flap of the same span and 
spanwise location. The step split flaps were equal in area to the split 
flaps which extended from 0.144b/2 to 0.45b/2. The triangular flaps, 
when tested with the wing-fuselage combination, had trailing edges nor­
mal to the plane of symmetry in the deflected position and an area equal 
to that of the split flaps which extended from 0.144b/2 to 0.45b/2 . The 
triangular flaps, when tested on the wing alone, were geometrically 
similar to the triangular flaps described above but were equal in area 
to the split flaps extending from the plane of symmetry to the 
0.50b/2 station. With the exception of the triangular flaps, the flap 
plan forms were tapered in a manner such that extensions of the leading 
and trailing edge of each flap would intersect at the same distance 
from the plane of symmetry. 

The separator plate used with some of the tests of the step split 
flaps consisted of a plate parallel to the plane of symmetry extending 
from the outboard end of the inboard step to the inboard end of the 
outboard step. 

A photograph of the model mounted in the Langley 19-foot pressure 
tunnel is presented as figure 3. 

TESTS 

The tests were conducted in the Langley 19-foot pres sure tunnel 
with the air compressed to approximately 33 pounds per square inch, 
absolute. The tests were made at a Reynolds number of 6 . 0 X 106 and 
a Mach number of 0.14 . 

The lift, drag, and pitching moments were measured through an 
angle-of-attack range at zero yaw by a simultaneously recording balance 
system. The characteristics of the wing and the wing-fuselage were 
determined for numerous combinations of leading-edge-flap span and 
trailing-edge-flap type, span, and deflection. 

-l 
I 
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RESULTS AND DISCUSSION 

All data have been reduced to standard nondimensional coefficients 
and have been corrected for support tare and interference effects and 
for air-stream misalinement. Jet-boundary corrections have been applied 
to the angle of attack and to the drag and pitching-moment coefficients. 
The jet-boundary induced velocities obtained by means of reference 2 
were used to compute these corrections. 

The extensive number of flap configurations investigated prevents 
the inclusion in this paper of all the data obtained in the tests. The 
data are presented in figures 4 to 16 for those configurations consid­
ered to be the most promising of each flap type and for those configu­
rations necessary to show the effects of the several variables. The 
pertinent data for the remaining configurations are presented in 
tables I and II. 

Lift Characteristics 

Maximum lift.- The highest values of maximum lift coefficient 

measured for the wing-fuselage combination are obtained with the extended 
split flaps in combination with the leading-edge flaps. As shown in 
table I, these values are 1.57 and 1.70 for flap spans of 0.45b/2 and 
0.60b/2, respectively. The maximum values of CL for the split flap 

max 
configurations are 1.50 and 1.59 . With the exception of the forward­
located step flaps, the other flaps tested produce values of CLmax 

about the same as those of the split flaps. The forward-located step 
flaps produce a CLmax about 0.15 less. 

Some examples of the effects of flap deflection and span on the 
lift characteristics are shown in figures 4 and 5 for the split and 
extended split flaps. The variation of C~ax with flap deflection 

is shown in figure 17. With the 0.425b/2 leading-edge flaps and the 
0.45b/2 split flaps, a maximum value of CLmax of 1.45 is obtained at 

Of = 300
. For deflections greater than Of = 30°, the value of CLmax 

decreases until at Of = 600 CLmax is 1.34. The 0.60b/2 split flaps 

give a similar variation of C with deflection. 
Lmax 

Table I indicates 

that C~ax of the configuration with undeflected tra iling-edge flaps 

was not necessarily reached . 
variation of CLmax with Of 

For the deflection range investigated the 
may, therefore, be even less than that 
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shown. For the extended split flaps the maximum value s of C~ax 

occur at slightly higher deflections, about 450 • Table I shows that, 
regardless of the leading-edge flap span, the maximum values of C

Lmax 
are obtained at deflections of approximately 300 and 450 , respectively, 
for the split and extended split flaps . 

Examples of the effects of leading -edge flap span on the lift 
characteristics are shown in figures 6 and 7. The variation of CLmax 

with span of the leading- edge flaps is shown in figure 18 for the wing­
fuselage combination equipped with and without the split and extended 
split flaps. With the split flaps the highest values of CLmax are 

attained with the inboard end of the leading- edge flaps extending to 
between the 0.55b/2 and 0 . 45b/2 stations . For the configur ation of the 
extended split flaps deflected 300 C~ax is still incr e as ing at the 

longest span leading- edge flap investigated (0 . 525b/2). 

Table I shows that for the r otated split, step split, and t r ian­
gular flaps the largest values of CLmax are obtained with the leading-

edge flaps extending from the wing tip inboard to at l e ast the wing 
midsemispan. 

As shown in figure 8 , the values of C~ax for comparable leading­

and trailing-edge flap configurations are approximately equal, fuselage 
on or off . The tabulated values of CT. (table I) indicate that the 

~ax 

variation of CLmax with flap deflection, leading- edge flap span, and 

flap type is essentially the same with fuselage on or off . 

Lift increment in linear lift range .- The lift increments (at 

a = 80 ) due to flap deflection are presented in figure 17 for the split 
and extended split flaps in combination with 0 . 425b/2 leading-edge flaps. 
For the 0 .45b/2 split flap 6CL increases at a decreasing rate with flap 
deflection up to the greatest deflection tested ( 600 ) . An increase of 
the split flap span to 0 . 60b/2 results in somewhat higher value s of 
6CL, roughly 40 percent larger at 150 deflection and 25 per cent larger 

at 600 deflection . The variation of 6CL with deflection of the 

0 . 60b/2 flaps is similar to that for the shorter - span flaps . The addi ­
tion of the leading-edge fl aps, varying in span from 0 . 375b/2 to 
0 . 525b/2, result s in an average increase of 6CL of about 0 . 01, as 
shown in table I . 
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It is of interest to note that ~CL' reduced by the cos2A, pro­

duced by 0.60b/2 split flaps deflected 600 on the unswept-wing - fuselage 
combination of reference 3 is identical with that obtained with a simi­
lar flap configuration in the present tests. 

The increment of lift coefficient resulting from deflection of the 
0.45b/2 extended split flaps reaches a maximum at a deflection of about 
450 and decreases from this maximum at higher deflections (fig. 17). 
Below 300 , ~L for the extended split flaps is about twice that 

obtained with the split flaps . ~CL is about the same for either the 

0.45b/2 extended split flaps deflected 300 or the 0.60b/2 split flaps 
deflected 600 • 

The lift characteristics of the wing-fuselage combination with the 
triangular, rotated split, and step split flaps are shown in figures 8 
and 9. The value of ~L produced by the triangular flaps deflected 

300 is about equal to that obtained with 0.45b/2 extended split fl aps 
deflected 300 (table I). The effectiveness of the rotated split and 
step split flaps deflected 450 in producing an increase in lift at a 
constant angle of attack is generally between that of the split and 
extended split flaps . For example, the increment produced by the 
rotated split flaps is about 0.31 as compared with 0.37 for the extended 
split flaps and 0 . 22 for the split flaps. The step-type flaps in the 
forward position, however, produce the smallest increment (0.19) of all 
the flaps investigated. The addition of the separator plate between 
the two portions of the step flaps increases the value of ~L by 0 .03 

to about the same as the split flaps . The effectiveness of the step­
type flap located in the rearward position is considerably increased 
and is about the same as that of the 0.60b/2 split flaps. 

Of the split-type flaps investigated, then, the largest values of 
C~ax and 6 CL are obtained with the flaps at moderate deflection 

angles and with those flaps having the hinge lines located on or near 
the wing trailing edge. 

Pitching-Moment Characteristics 

The pitching-moment characteristics of the model for representative 
flap configurations are shown in figures 9 to 14. A summary of the 
pitching-moment characteristics of the configurations investigated is 
presented in table II . Reference 4 has shown that extended leading­
edge flaps of suitable span effectively delay the inherent stalling of 
t he outer portions of the subject wing to high angles of attack so that 
a stable break of the pitching-moment curve results. Just prior to 

---~-- - -
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maximum lift, however, various degrees of instability are encountered . 
The following discussion is primarily concerned with the effects of 
trailing-edge flaps on the direction of the moment break at maximum lift 
and on the degree of instability just prior to maximum lift. 

As shown in figures 10 and 11, the direction of the break in the 
pitching-moment curve near maximum lift is practically unaffected by 
the degree of deflection of the trailing-edge flaps. The addition of 
the trailing-edge flaps to the model equipped wtth certain spans of 
leading-edge flap is, in many cases, effective in reducing the initial 
unstable variation of pitching-moment coefficient with lift coefficient 
which is present in the high-lift range below maximum lift. In particu­
lar, those flaps which tend to increase the wing area are most effective 
in reducing this unstable variation. For example, the wing-fuselage 
combination with 0.375b/2 leading-edge flaps exhibits an initial 
unstable change in the longitudinal stability parameter, dCm/dCL, of 

approximately 0.18. The addition of the 0.45b/2 extended split flaps 
and split flaps deflected 300 reduces this change to about 0.02 and 
0.10, respectively. With the flap spans increased to 0.60b/2, however, 
the unstable change is only reduced to 0.15 and 0.17 for extended split 
flaps and split flaps, respectively. 

The degree of deflection of the trailing-edge flaps also affect s the 
magnitude of this initial instability. For each flap type there is 
usually one flap deflection angle for which the contribution of the 
flap to stability in the range under consideration is the largest. The 
optimum flap deflection usually is about 300 to 450 for the flaps 
investigated (figs. 10 and 11). Deflection angles less than or greater 
than the aforementioned deflection range generally are not as effective 
and for some configurations actually increase the original flap -off 
instabili ty . 

Examples of the effectiveness of the leading-edge flaps in con­
trolling the pitching moment at or near maximum lift are shown in fig­
ures 12 and 13. Without the leading-edge flaps, the moment curve breaks 
sharply unstable. The addition of either the 0.375b/2 or 0.425b/2 
leading-edge flaps results in a stable break of the moment curve in 
this high-lift range near C~ax. Progressively increasing the leading-

edge flap span beyond 0.425b/2 results in the model again becoming 
unstable. In general, table II shows that the maximum span of leading­
edge flap, for which stable moment characteristics in the high- lift 
range near C~ax are obtained, is limited for the wing-fuselage combi -

nation to about 0.475b/2. As shown in reference 4, the maximum leading­
edge flap span, which provides stability of the wing alone in the high­
lift range near C~ax' is dependent to a slight degree upon the 

- - --------
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trailing-edge flap type. For the wing-fuselage combination tested 
herein the maximum leading-edge flap span from stability considerations 
is also affected slightly by the type of trailing-edge flap. As illus­
trated in table II, a stable break in the pitching-moment curve at CLmax 

is obtained for the wing- fuselage combination equipped with the rotated 
split flaps with a leading-edge flap 0.050b/2 longer than that used 
with the other trailing-edge flap configurations. 

As one indication of the comparative usefulness of the various 
types of flaps investigated, the highest lift coefficients obtained 
before the onset of destabilizing moment changes are presented in 
table II. It can be seen that with the o.45b/2 extended split flaps in 
combination with the 0.375b/2 leading-edge flaps, stable variations of 
pitching moment were obtained up to a lift coefficient of 1.38 at 300 

deflections. The corresponding value of lift coefficient obtained with 
the 0.60b/2 extended split flaps is approximately 0.10 less and with 
the remaining types of flap nearly 0.40 less. The comparatively high 
value obtained with the 0.45b/2 extended split flaps is a result of the 
virtual elimination of the unstable moment characteristics prior to the 
final stable break of the pitching-moment curve. For several of the 
o.45b/2 extended split flap configurations having stable characteristics 
at C~ax' values of CLmax of up to 1.50 are obtained with a destabi-

lizing change in dCm/dCL of less than 0.05. With the O.60b/2 extended 
split flaps, values of C~ax up to 1.65 are obtained with changes of 

less than 0.15 (fig. 13). 

The increments of pitching-moment coefficient resulting from flap 
def lection were measured at CL = 0 . 8 for the various flaps deflected 

450 • Because short flap spans are involved and the inboard location on 
the sweptback wing places them longitudinally near to the assumed center 
of gravity, the trim changes obtained are small . The greatest trim 
change occurring with the 0 . 45b/2 flaps amounts to an increment of 
pitching-moment coefficient of about -0.07 for the extended split flap . 
With the 0.60b/2 extended split flaps the increment increases to only 
-0.11. 

A change in stability in the low-lift range corresponding to a 
3 or 4 percent forward shift of the aerodynamic center is the primary 
result of the addition of the fuselage to the wing (fig. 14). 
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Drag Characteristics 

Representative drag data are presented in figures 15 and 16 for a 
few configurations. In order to illustrate more clearly the effects of 
flap deflection, span, and type on the drag characteristics, the lift­
drag ratios and the gliding characteristics are presented in figures 19 
to 21. 

The effects of the degree of deflection of the split flaps are 
shown in figure 19. In the low and moderate lift range the lift-drag 
ratios are largest for the wing-fuselage combination without trailing­
edge flaps or with the trailing-edge flaps at low deflections. At a 
lift coefficient of about 1.05 the L/D values are approximately equal 
except for the flaps-off condition for which the values are somewhat 
lower. It can be seen from the chart of gliding speed against sinking 
speed that at gliding speeds of 125 to 130 miles per hour, which corre­
spond to about 120 percent of the minimum speed of the wing-fuselage 
combination at sea level with an assumed wing loading of 40 pounds per 
square foot, minimum values of sinking speed are obtained with flap 
deflections of 150 and 300 • 

The effects of increasing the flap span from 0.45b/2 to 0.60b/2 
are also shown in figure 19. At gliding speeds of 125 to 130 miles per 
hour, increasing the flap span reduces the sinking speed slightly for 
the 150 flap deflection and increases it slightly for the 600 deflection. 
The difference in glide angles for the speed range under consideration 
does not exceed 20 or 30 regardless of the flap deflection or span. 

The effects of the degree of deflection of the extended split flaps 
are shown in figure 20. In the gliding range of 120 to 125 miles per 
hour, which corresponds to 120 percent of the minimum speed, the minimum 
values of sinking speed occur also at deflections of 150 and 300

. For 
equal deflections the sinking speeds are approximately equal for either 
the 0.45b/2 or the 0.60b/2 flap configurations, although the gliding 
speeds at 120 percent of the minimum speed are slightly different. In 
this speed range the maximum difference in the sinking speed for flap 
deflections of 150 to 600 and spans of 0.45b/2 to 0.60b/2 is 4 feet per 
second. 

The relative drag characteristics of the various flaps are shown 
in figure 21. Above a lift coefficient of about 1.05 the values of 
L/D are lowest for the split flaps, highest for the extended split 
flaps, and intermediate for the rotated split flaps and the optimum 
cv.~iguration of the step split flaps (rearward position with separator 
plate) . Throughout the lift range the values of L/D of the triangular 
flaps are slightly lower than those of the extended split flaps. 
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The chart of gliding characteristics in figure 21 indicates that 
at the landing- approach speed, for the case under consideration, the 
sinking speeds are only slightly affected by the flap type. 

Comparison with Flaps of the Slotted Type 

11 

The results of tests of single and double slotted flaps on the 
subject wing, obtained from unpublished data, are compared in figures 22 
and 23 with the results of tests of the extended split flaps. The 
configuration used for the comparison consists of the wing-fuselage 
combination equipped with O.475b/2 leading-edge flaps and the O.45b/2 
trailing-edge flaps deflected 30° . 

The maximum lift coefficient produced by the double slotted flap 
configuration is slightly higher than that produced by either the 
extended split flaps or the single slotted flaps, about 1.57 compared 
to 1.52 and 1.49, respectively. For a given angle of attack the lift 
increment produced by the double slotted flaps is slightly larger than 
that of the other flaps. The changes in longitudinal trim due to flap 
deflection are abou t the same for the double slotted and extended split 
flaps and slightly less for the single slotted flaps. The moment charac­
teristics at maximum lift are similar. The glide characteristics, as 
illustrated in figure 23 , are nearly identical in the high-lift, low­
speed r ange . 

The preceding comparison is based on equal spans (0.45b/2) of the 
extended split, s ingle slotted, and double slotted flaps and, on this 
baSiS , the effectiveness of the extended split flaps is nearly the same 
as that of the double slotted flaps. Reference 4 has indicated that for 
this wing without a fuselage, longer spans of split flap than of double 
slotted flap may be employed when the criterion for allowable flap span 
is stable pitching-moment characteristics at C~ax . As it has been 

shown herein that the addition of the fuselage has little effect at 
C~ax on the stability of the wing equipped with either the split or 

the extended split flaps , it is likely that on this same stability basis 
longer spans of extended split flap than of double slotted flap may be 
used. With an increased span of extended split flap, it is probable 
that the re sulting lift effectiveness would be greater than that of the 
double-slotted -flap configuration . 

------------ - - -
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CONCLUDING REMARKS 

Fr om the re sults of an investigation in the Langley 19-foot pressure 
tunnel to determine the effects of split -type flaps on a 47.70 sweptback­
wing - fuselage combination, the following remarks can be made: 

1 . Of the split-type f lap s investigated the largest value s of 
maximum lift coefficient C~ax and increment in lift coefficient due to 

flap deflection teL are obt ained at deflection angle s of the order of 
400 with those flaps having hinge lines located on or near the wing 
trailing edge. 

2 . When the wing is equipped with leading-edge flaps, the longi­
tudinal stability in the high-lift range below C~ax is dependent upon 

the trailing-edge flap type and the degree of flap deflection. 

3. A value of C~ax of 1 . 50 is obtained on a wing configuration 

with 0.45-semispan extended split flaps in combination with 0 .425 -
semispan extended leading -edge flaps. This configuration has stable 
pitching-moment characteristics at C~ax and destabilizing changes in 

the slope of the pitching-moment curve dCm/dCL of less than 0 . 05 

below CL With the span of the extended split flaps increased to 
max 

0.60 semi span , a value of C~ax of 1.65 is obtained with a change in 

dCm/dCL of less than 0 .15. 

4. From considerations of CL ,lift-drag ratio, and longitudinal 
max 

stability, the effectiveness of the extended split flaps is about equal 
to that of double slotted flaps of the same span. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 

- - - . -----------
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TABLE 1. - SUMMARY OF THE LIF T CHARACTERISTICS OF THE WING AND WING-FUSELAGE 

COM BINATION WITH VARIOUS FLAP CONFIGURATIONS 

CLmax 6CL (a = 8 0
) 

Tralling-edge flap 
1'\Ise -
lage Leading- edge flap s pan 

Type Span Or 
(b!2 ) (deg) 0 0 ·37" o .~ ? " 0 .47 ' 0 ·525 0 0 ·375 0 . ~25 0.475 0 · 5<'5 

a a 
1·41 1.44 1.45 p . Ol jo . Ol Plaps off - - On 1.lb 1. 3& - 0 . 0 1 0 . 01 

30 1.<'7 - 1 ·43 1. 50 - 0 . 22 - . <'~ · <'4 -
I--- orr 

45 1. 30 - 1 · 39 1.44 - . 29 - ·31 ·<'9 -
15 1. <'0 1.39 1·/;3 1.47 1.4& .10 .10 .ll .10 . 10 

0 .45 I---
30 1 . 19 1.40 1.45 1. 50 1.47 .1& . 17 .17 . 16 .18 

I---

Spl1 t 45 1.16 1. 34 1 · 37 1. 45 1.4& . 21 .21 .22 . 22 . 22 
I--- On 

60 1.17 1.32 1·34 1. 39 1.43 .<'4 . 24 .25 . 25 .<,6 

15 1. <'1 al . 40 "1. 4& fa1 . 50 1.51 . 13 .14 .14 . 14 . 14 
I--- a fal . 59 30 1. ? 3 1.42 1·51 1.53 .<'1 .23 . <'2 · <'3 . <'2 

0 . &0 -
45 1.19 1.38 1 · /;5 1.49 1.49 .<'7 .28 .<,8 . 27 . 28 

- a 
&0 1.19 1.34 1·38 1.44 1./;8 · 30 . 32 · 31 · 3? ·31 

30 Off - 1. 43 1.50 1. 57 1.58 - .41 .43 . u l ·4<' 

~ 1·31 1. /;3 1.45 1.50 1.51 .18 .1 8 .1 8 .19 .19 

0.45 30 1. ~4 a1. l;& 
a 
1.49 1.5<' 1.55 · 30 .31 ·3 <' ·32 · 32 _ . 

Extended spl1 t 45 1.35 1.46 1·50 1.54 1. 57 ·33 ·36 ·37 ·37 ·3'7 
r- On 

60 1.34 1.45 1.49 1.51 1.55 · 32 ." ·33 ·33 · 3~ 

30 1. 3tl 1.55 1.&5 1.b 5 1.68 ·39 . ~O . ~1 . ~ 1 . ~1 
0.&0 I---

~5 1.39 1.59 1·70 1.70 1.67 . ~& .~6 ·46 ·45 ·47 

Off 1.25 1.37 '1.45 1./;& 1. 4& .40 .41 .~1 .41 .42 

Rotated s plit 0 ·45 4 5 
On - 1.41 1·44 1.U5 1.~9 - · 31 ·31 ·32 ·32 

15 . 25 1. ~ l loU 1.4 6 1./;& ·<'5 . 25 .25 . 25 . 25 
I---

30 Ofr 1·30 1.41 1 . 4~ 1.46 1.46 ·43 .U · ~3 .45 .~ 3 
Triangular - I---

45 1. 28 1.42 1.42 1.~4 1.55 · 38 .38 ·38 ·39 · 39 

30 On - 1.~6 1. ~7 1. 50 1.55 - · 30 ·30 ·30 ·30 

Step s pll t a 
. 20 .<'0 

(forward posit lon) - 1. <'7 1· 31 1.33 1. 35 - .19 .19 

Ste p spll t wi th a 
se oerat o r plate - 1.28 1 . 30 1.35 1.33 - . 22 . 23 · <'3 . 24 

( f orward pos i tion) 

0.45 45 On 

Step spUt - 1.38 1.43 1.49 
(rearward pos i tlon) 

1.49 - . 28 . 29 . 28 . 28 

Step sp l1t with 
1.45 separator plate - 1.41 1.45 

( rearwa rd positi on) 
1. 50 - .30 · 30 ·31 · 31 

a CL .till increasing ~t highest a tes t ed . 



TABLE 11.- SUMMARY OF THE PITCHING-MOMENT CHARACTERISTICS OF THE WING AND 

WING-FUSELAGE COMBINATI ON WITH VARIOUS FLAP CONFIGURATIONS 

Configuration Of n r: adinll:-Edll:e Flap Span 0.~·7~b 2 n ,::>~h '? 0 T. '7<b f? I ~L C ·41 J' L 0 .'i2'ib /2 I 
.1 0 ·4 .S 1.2 1.6 2.0 00 .4 L .8 1.2 1;6 2 ;0 0 .4 .8 1. 2 1.6 2 .0 0 .4·8 1.2 1.6 2 .0 0 .4 . 8 1.2 1.6 2.0] 

< ~ > me I-d F' 'F.\" 'I" , " 'I" , "I m O I I , ~ ---.....; 

Flap. orr \.. 
- . 1 a 0 . 90 0 .70 0.80 0 70 • 0·70 

= ,< L 'I~' , 'j ' .4,,/, ."" " , l~ ~' . I 
1.01 0 97 I . 0·95 ' 

= 4,' +-~:::P ' !~' . 'I~ 
1.05 1.06 1.00 

~.4:::"H'0> ", +==1 ' '!~' . 'l~ '1~' 'I~' 
0 . 95 0 . 80 0.90 0.80 0 . 85 

< = 0>," I I 'I~ 'F' , 'I 'po , 0--==r ,. - \ ~ 

< = > 4~ 'ld' , , 'I~ , '1--:' 1--=- ,!~. , 
1.00 0.96 0.96 0.96 0·97 

< = 0> '" 'l=i' 'I~ , "I~ '1~" 'I~' . 
1.01 0.92 0 ·95 0 97 • 1.00 I 

a Lift coefficient at initial break in moment curve. ~ 
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Configura tlon Of 0 
CL 'b'L6'.0 < = >- 150 Cm~f, I I 

.60b/2 .pH t 
-.1 0 . 98 

,00 t:J < ~ >-
0 

1.01 

01 I 
< ~ ::> 45

0 

, , 

-~ 

oj_? < c=:::::r :>- 60° 
0 

~ 
====--- ,0° 

.45b/2 exte nded split 

r==l I 

< ===-- :>- 15° 

.45b/? extended spH t 1 . 02 

°l~ 
0 0 

< ===-- :::> ,00 

TABLE I 1.- (Continued) 

Leadin"- Ed,,e Fla o Soan 
. '1"~b 2 o .42Sb/2 
CL o .4 CL .S 1.2 1 . 6 2 . 0 o .4 .8 1.2 1.6 2.0 

°l~' , °l~' , 
0·92 0 . 89 

l--~ ' 
0 

l--~ 
0·96 - 0·97 

f===\ 
, , OF=' , 

1.00 1.04 

°l~ 
, 

O!~ 
1 . 04 1. 0 2 

01 " , 

°l~ --::; 
OF; , OF;' , 

0·9, 

OF; 
1.,S 

0j~ 
-

0.47Sb/2 

o .4 CL . 8 1.2 1.6 2.0 

°l~' , 
0 .94 

1~ 
01-::-
01 , 

~ 
01 ---_< 

1.12 

lS 
°l~ 

----

0.525b/2 

o .4~L.8 l . ~ 1 .6 2.0 

°l~' , 
0·98 

'/--:: , 

O!===:J 
1.06 

OF? 
°l~ 
°l~ 

0 

0 · 97 

0j -------4 , 

1.07 

~ 
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Con r.lgura tl on Or 0 

o . 4 ~L. S 1 .2 1 . 6 2.0 

450 ':l~-J ' , <:: -==-- >-
0 .45b/ 2 e x t ended s pIlt 

- .2 1.14 

l-~ 
, 

<:: -==-- :> 600 

'I~ <:: -==-- >- 30° 

0 .60b/2 e x tended spI l t 
1. 16 

< -==-- >- 45° 'I " --J 
~ 45c ,1-==::1 , , 

0 .45b!2 r o tate d s pIlt 

1.13 

<:: c:::=:t> :> 4 5c 

0 .45b/2 r otated spIlt 

=... 1~ '1c:::::J) , I 

'l'r lan!,ular 

1.03 

TABLE II .- ( Cont~nued) 

te .. d lnlt- lCdlte Pla n 3nan 
0 . ~7Ijb/2 o .u2Ijb/2 
CL '1 '4,,,,- ' ~ "C '-,' ",' '1'\ ,8 ' ; ' ' ; ' ' ;' 

~ ~ 

't~ '[~ 
, 

'j -l~ .2 '-----1 
. 1.16 

:j~ ~l~ 
l' 

, I 

'I~ 
, 

~ 
f==\ 

, 

' t~ ' 
I 

0 . 92 1.00 

l~~:J 
, 

1~ 

o .475b/2 

o .4GL. S 1. 2 1. 6 2 .0 

't~' , 
l-~~' 

1.10 

1~ 
, 

1.20 

1~ 
1.26 

'f ' ~ 
'l~ ' 

1. 05 

'[ " .---:J 

0 .1j2Ijb/2 

o .4GL . S 1.2 1. 6 2 .0 

l-~' 
1. 07 

1~ 
I I 

1 .07 

1~ 
I 

1.23 

' !~ 
1.25 

'I~ 
l~ 

I 

1.04 

'I~ 
-- -- ---- ~---

~ 
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t-' 
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Conrigura tion 

~ 

'l'riangular 

=-., 

~ c:=., ----=:::::> 

Triangular 

< '"' :> 

.45b/2 step spl1t 
(forward posit10n) 

< = ... :> 
. 45b/2 step split 

w1th separgtor plate 
(forward position) 

< c:==o,.. ::::-
.45b/2 step s pltt 
(rearward pos1tion ) 

TABLE 11.- (Concluded) 

o I Leading-Edge Flap Span 
r ° I' 0.37';b/2 1 0.42';b/2 0.475b/2 0 .525b/2 ", I'~:I :;;; L' ,., 'j.4,c.8 

L' L' ' ; 'j ·4 'C.8 L' L6 ,., 'I ~'1..~ L,' ';' ' ;' t ·4'C.8 '; ' ':' , ., 

, L>7 L" ~ ~ 
45

0 

I I 
O t----~~ 

loll 

,00 

450 

1450 

145
0 

° I ' I U1-1 -----.----+--

< ~ "> 145' l-~' "I~ "G 'F? .45b/ 2 ste p spl1t 
with separator plate 
(rearward pos1tion) 0.94 1.11 
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NACA RM L51D20 

~-()"1 
\ '». 

section A-A 
(enlarged) 

/ 
/ 

Aspect ratio 5.1 
Taper ratio 0. 383 
Ti P wash ou t 1. 320 
Wing area 30.35 sq rt 

o .286-chord Une 

NACA 64-210 
'-<+----,~-alrroll section 

Inter.ection or 0.286-chord 
~line with plane or .ymnetry 

I

f---: -170·95~~ 
ro· -~---- 59.10 ------->-1 16.80 (maximum diame te r) 

19 

Figure 1.- Geometry of the 47.70 sweptback-wing - fuselage combination and 
details of the leading-edge flaps. All dimensions are in inches. 
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O.45b/2 

I O.60b/2 

I 

] 

/?section A-A 
(a) Spl1 t flaps. 

O.J.4b/2 

I 

"] 
7 section E;-E 

(c) Rotated split flaps. 

/ 

o.14b/2 

IO .30b/ 2 

I O.4Sb/2 

j 

] 

Section H-H 

(e) Step split tlaps 
(forward post tion) 

NACA RM L51D20 

O.45b/2 

IO.60b/2 

I 

/ section C-C 
(b) Extended split flaps. 

Tested only with 
fus e 1 age off 

O.J.4b/2 

\ O.32b/ 2 

jOf4
0b

/
2 

/---=-==:J 
Section G- G 

(d) Triangular flaps. 

o.14b/2 

IO .30b/ 2 

I O.4Sb/2 

I 

Section I - I 

(t) step split tlaps 
with separator plate 
( rearward position) 

~igure 2.- Locations of the flaps on the wing and the wing-fuselage 
combination. 
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Figure 3.- The 47.70 sweptback-wing - fuselage combination mounted in the 
Langley 19-foot pressure tunnel. 
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Figure 4.- Effects of deflection and span of the split flaps on the 
aerodynamic characteristics of the wing-fuselage combination 
equipped with O.425b/2 leading-edge flaps. 
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Figure 5.- Effects of deflection and span of the extended split flaps on 
the aerodynamic characteristics of the wing-fuselage combination 
equipped with O.375b/2 leading-edge flaps. 
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Figure 6.- Effects of leading-edge flaps of various spans on the aerodynamic 
characteristics of the wing-fuselage combination equipped with split 
flaps deflected 30°. 
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Figure 7.- Effects of leading-edge flaps of various spans on the aerodynamic 
characteristics of the wing-fuselage combination equipped with extended 
split flaps deflected 300 • 
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Figure 8.- Aerodynamic characteristics of the wing and the wing-fuselage 
combination equipped with various trailing-edge flaps and O.425b/2 
leading-edge flaps. 
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Figure 9.- Aerodynamic characteristics of the wing-fuselage combination 
equipped with the o.45b/2 step split flaps deflected 45° . O.425b/2 
leading-edge flaps. 
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Figure 10.- Effects of deflection and span of the split flaps on the 
aerodynamic characteristics of the wing-fuselage comb i nation equipped 
with 0.425b/2 leading-edge flaps. 
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Figure 11.- Effects of deflection and span of the extended split flaps on 
the aerodynamic characteristics of the wing-fuselage combination 
equipped with O.375b/2 leading-edge flaps. 
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Figure 12.- Effects of leading-edge flaps of various spans on the aero­
dynamic characteristics of the wing-fuselage combination e quipped 
wit h spli t flaps deflected 30°. 
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Figure 13.- Effects of leading-edge flaps of various spans on the aero­
dynamic characteristics of the wing-fuselage combination equipped 
with extended split flaps deflected 300 • 
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Figure 14 .- Aerodynamic characteristics of the wing and the wing-fuselage 
combination equipped with various trailing-edge flaps and O.425b/2 
leading-edge flaps. 
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Figure 15.- Effects of deflection and span of the split flaps on the aero­
dynamic characteristics of the wing-fuselage combination equipped with 
O.425b/2 leading-edge flaps. 
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Figure 16 .- Effects of deflection and span of the extended split flaps on 
the aerodynamic characteristics of the wing-fuselage combination 
equipped with O.375b/2 leading-edge flaps . 
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flaps. 
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Figure 20 .- Effects of extended-split-flap deflection and span on the 
lift-drag ratio and the glide characteristics of the wing-fuselage 
combination equipped with 0.375b/2 leading-edge flaps. Assumed 
wing loading of 40 pounds per square foot, sea-level conditions. 
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Figure 21.- Effects of various 0.45b/2 trailing-edge flaps on the lift­
drag ratio and the glide characteristics of the wing-fuselage combi­
nation equipped with 0.475b/2 leading-edge flaps. Assumed wing 
loading of 40 pounds per square foot, sea-level conditions. 
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slotted flaps on the lift-drag ratio and the glide characteristics of 
the wing-fuselage combination equipped with 0.475b/2 leading-edge flaps; 
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