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FLIGHT TESTS OF A BALANCED SPLIT FLAP WITH PARTICULAR
REFERENCE TO RAPID OPERATION

By He« 4. "soulle

SUMMARY

The flight path of a small parasol monoplane equipped
with a special type of balanced split flap has been deter-
mined for a series of glides during which the time taken
to deflect or retract the flap was varied from 1 to 15 sec-
onds in order to study the effect of the time taken to com-
plete a flap movement on the motion of the airplane between
the start of the flap movement and the attainment of steady
flight with the new flap setting., The measurements showed
that all flap movements accompanied by a change of veloci-
ty, such as is necessary when the flap is retracted while
flying at the low speed of the airplane with the flap ex-
tended, led to an initial displacement of the flight path
in a direction opposite to that ultimately obtained. The
distance the airplane traveled before its actual path
crossed, in the desired direction, the path it would have
maintained had there been no flap movement appeared to be
practically independent, within reasonable limits, of the
time taken to complete the flap movement and appeared to
depend primarily on the velocity change. TFor a velocity
change from 45 miles per hour to 55 miles per hour corre-
sponding to the difference in minimum speeds with the flap
extended and flap retracted this distance was about 800
feet. The change in attitude and vertical velocity of the
airplane during the initial stage of the transition from
one steady condition to another depended to some extent on
the abruptness of the flap motion so that instantaneous
operation appeared less desirable than a somewhat gradual
operation, With a flap or with another glide-angle~control
device that changes only the drag of the airplane and does
mot cause a change in velocity, instantaneous operation of
the device may be desirable in permitting changes to the
flight-path angle to be gquickly completed.

It was found that the balanced split flap used in the
investigation gave an appreciable reduction in the hinge




t\b}

N.A.,C,A. Technical Note No. 548

moment, while having approximately the same lift and drag
characteristics as the plain split flap,

INTRODUCTION

Experience gained through previous flight work with
wing flaps had indicated the need for study of the effect
of the operational characteristics of flaps on their use-
fulness. It is obvious that flaps with large hinge mo-
ments, for which 20 or more seconds are required to ob-
tain full deflection, are of limited utility because of
the distance which the airplane will travel while they are
being deflected., On tae other hand, it was aAppreciated
that, if a flap were retrac:ted instantaneously while fly-
ing at the minimum speed with the flap extended, the 1ift
would not be sufficient to sustain the airplane until the
velocity was increased and the airplane might be placed
in a dangerous situation before the new equilibrium condi-~
tions were attained. No specific information was available,
however, to show the actual flight path and velocities
during such a maneuver, '

In order to obtain flight information concerning the
effect of the time of operation of a flap on the motion of
an ailrplane, three series of tests were performed with a .
‘Fairchild 22 airplamne equipped with a balanced split flap
(see reference 1) that can be easily and quickly operated.
For these .tests the actual flight path of the airplane was
recorded during and following movements of the flap requir-
ing from 1 to 15 seconds. In the first series of tests
the airplane was placed in a glide at its low speed with
the flap extended. During this glide the flap was retract-
ed and the speed increased to the stalling speed for the
new flap position. 1In the sccond series the initial glide
was made with the flap retracted; it was then lowered and
the spced reduced. In the third series the speed was
maintained constant and the flap was used solely as a
glide—-angle control.

.As the balanced split flap used in the investigation
had not been previously flown, an additional series of
tests was made to supplement the wind-tunnel information
on certain of its aerodynamic characteristics. The effect
of the flap on the maximum 1ift coefficient of the airplane
and the flap hinge moments were determined and its effect
on the longitudinal balance and stability was noted.
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APPARATUS AND METHOD

The Fairchild 22 airplanc used in the tests is a small
parasol monoplane. It was equipped with a special wing
fitted with .the balanced split flap. The lay-out of the
wing and flap is shown in figure l. The flap has a chord
of 16.2 percent of the wing chord and extends across.90
percent of the wing span, 3 feet being cut out at the cen-
ter.section to provide clearance over the pilot's cockpit.
For lateral control, retractable ailerons (reference: 2 )
were provided. The wing was 1nstalled on the airplane
with an angle of wing setting of O, 9° and a dihedral angle
of Y The insgstalldtion is shown in figure 2. Figures 3,
4, and 5 are views of the airplane showing the flap and
ailerons. General characteristics of the airplane perti-
nent to the tests are given in table I.

The flap was operated through a linkage consisting of
a series of push-pull rods and bell cranks from a lever
mounted on the left side of the pilot's cockpit.- The rel-
ative motion of the control lever-and flap is shown in
fialcure 64

For the determination of . the flight path during the
tests of flap operation, the method described in refer-
ence 3 involving the use of a reécording phototheodolite
was employed with some modifications dictated by the par-
ticular requirements of the present tests. The. flight
path thus obtained was corrected to zero wind condition by

. assuming that the wind veldcity was equal to the differ-

ence between the horizontal component of the ground speed
as given by the theodolite and the horizontal component

of the air speed as recorded in the airplane. The time of
operating the flap was found directly from a record of
flap p051tlon againsgt time.

Theall fiwandadige s charactenigticsofiithetainplane
with the flap beth retracted and extended at angles of at-
tack in the vicinity of maximum 1lift were determlned by
glide tests with the engine idlings Theuformiulas G

L/qS and Cp = D/qS were used to reduce the 1lift and
dreg toe coeffieient form,

The force requiredvﬁb operate the flap was determined
at several speeds and for gseveral flap deflections. by a
spring balance attached to the flap-control handle. The
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fraction of this force necessary to overcome the weight of
the flap was determined by similar measurements on the
ground. From the length of the flap-operating lever and
the mechanical advantage of the flap lever over the flap
itself (given by the slope of the curve in fig. 6), the
aerodynamic hinge moment of the flap was found. This mo-
ment was reduced to coefficient form by use of the formula
Cg = lg/qSc.

The effect of the flap on the longitudinal trim and
static stability of the airplane was determined by meas-
urenent of the stick forces and elevator position through-
out the speed range with the flap both retracted and ex-
tended.

RESULTS AND DISCUSSION

Effect of Flap Operation on the Flight Path

Figure 7 shows the effect of operating the flap as
rapidly as possible. The two upper flight paths represent
the motion of the airplane subsequent to the retraction of
the flap while flying at low speed with the flap extended.
'he lower curve represents the flight path when the flap
is extended in an attempt teo reduce the air speed and :
steepen the flight path. The curves show that the immedi~
ate respongse of the airplane to a guick movement of the
balanced flap was in the opposite direction to that ulti-
mately obtained and that a distance of the order of 800
feet was traversed before the airplane .crossed over the
path it would have traveled had no flap movement been
made.,

Of the two paths shown in the upper part of figure 7,
onc represents the case where normal elevator movements
are made by the pilot in an attempt to malke the transi-
tion to the ultimate path as safe as possibles The other
represents the boundary condition; that is, the condition
in which the inherent longitudinal stability is the only
faetor invelwed in defining Phe paths «0f decetsglity, Glly

the firstsescillation,.is . -shown. It.wag noted gdn £lishd
that in neither case was there any tendency of, the aire
plane to spin. That retracting the flsp suddenly while in

low-speed flight close to the ground may be dangerous is
indicated by the maximum vertical velocity during the

transition, which is 25 feet per .second even in the case
where the pilot attempted to hold this component of speed
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as low as possible. The nose-down attitude of the air-
pileime of lO~1/2°vat this speed makes conditions even more
dangerous. In addition, btosbothytliese  faectors, there lis
the surprise element to a pilot who is not aware of the
probable path and retracts the flap, expecting the flight-
path angle to decrease immediately. Finally, unless de-
cision is made when the airplane is still about 800 feet
away from an obstacle or 200 feet above the ground, there
ie¢ no advantage -in retracting the flap. Imn faet, within
this distance, movement of the flap would simply increase
the speed of contact from 45 miles per hour to at least 55
miles per hour. There is, of course, a possibility that
with practice a maneuver such as that shown by the eleva-
tor-free path could be utilized by the pilot to avoid ob-
stacles, but consideration of this case is beyond the
scope of the present paper.

Figure 8 represents the data obtained for the remain-
der of the tests in which the flap was. retracted; figure
9 gives similar data for tests with .the flap extended.
The two upper curves (A and B) of each figure illustrate
the effect on the flight path of the time taken to com-
plete a flap movement. The air speeds were approximately
the same for all four runs, those for figure 9 occurring,
of course, in the reverse order to those of figure 8. The
speed change in each case is representative of a change
from the stalling speed with the flap in one position to
the new stalling speed with the flap in the other position.

It appears desirable, before proceeding with the dis-
cussion of figures 8 and 9, t'o consider the sequence of
events following the flap movement as shown diagrammatic—
Sy Sin Brgwre (106 The figure illustrates the case in
which the flap is retracted during steady flight and the
velocity of the airplane is increased simultaneously with
the flap movement., The airplane, prior to displacement of
the flap, is gliding along path 1-2., A% point 1, presuma-
bly because he desires to change to path 1-1', the pilot
rebracty the flapes JMActually, the desired path will never
be attained. The airplane, because of the decrease of
1ift, will immediately fall below the origimnal flight path
and travel along some path such as the one indicated by
the solid line. At some time after the flap is moved,
conditions will become steady and the a irplane will attain
path 2-2', Not until point 2 is reached, however, will
the airplane be in a better position than it would have
been in had no flap movement been made.
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The principal features shown by the tests, for which
curves A and B of figures 8 and 2 are representative,
are that, although the distance traveled between points 1
and 2 varies appreciably because of differences in pilot-
ing, it is practically independent of the time taken for
the flap movement up to 10 seconds and that the violence
of the motion during the transition is decreased when the
flap is moved slowly. From these results, it would ap-
pear that the flap should be moved as slowly as possible;
but, when it is considered that it would be desirabdble to
have the airplane in steady flight by the time point 2 1is
reached, it is evident that the time taken to travel from
point 1 to point 2 represents the optimum length of time
in which to complete the flap movement.

Consideration of the information obtained in the
flight tests suggested a means of computing the optimum
time to complete a flap mcvement for the general case.
Reference to the case illustrated in figure 10 shows that
the final velocity of the airplane is greater than the
initial velocity and therefore the kinetic energy is
greater., .In order to have attained the additional lkinebs
ic energy, the airplane must have lost a corresponding
amount of potential energy or eguivalent altitude A5
given by the equation

(V5% '~ ¥4")
o) _«_“§é_ﬂm__

whiere, Vg ks the final velocity and Vi the initial ve-
lolc TEiy, In addition to the altitude lost due to the in-
crease in velocity, there is an altitude loss represent—
ing the energy needed in overcoming the drag between
points 1 and 2. For convenience, this losis is scomsidiened
as consisting of two parts: 4g representing the less of
s1titnde that would have been incurred even had the change
of velocity and the corresponding change of altitude been
instantaneous and the airplane had traveled a path 2-2'
the entire distance D in the steady glide, and A; Trep-
resenting the loss of altitude corresponding to the ener-
gy expended in reducing the vertical velocity to the final
valué, and the additional work done during the trangition
because conditions are never as assumed in connection with
the altitude loss Az, The value A5 .is dependent on 4,
and Az and on the lift-drag ratios of the airplane for
the initial and final gliding conditions. It is not nec-
essary to calculate Az. The altitude loss Aj depends




N.A.C.A. Technical Note No. 548 %

in part on the piloting technic and can be obtained only
from experiment. A study of the results from which figure
8 was drawn indicates that A, 1s almost independent of

the time taken to operate the flap and is never likely to
be less than 10 feet, even after considerable practice.
With a knowledge of A;, A, and the lift-drag ratios

Ao atficl e imiditiiiale anid fimals sconddttiiomiss, sEhiel horizontaly dils-
tance D may be computed from the equation

(4 + &) (1/D)g (B/D)4
5 (Z/D) 7 - (B/DYy

As A is small relative to D, the distance traveled
along the flight path between points 1 and 2 is approxi-
mately equal to D and the time taken to travel from
point 1 to point 2 may be computed from the equation

The foregoing analysis refers to the case where the
flap is retracted. For the case where the flap is extend-
ed, the conditions are reversed. Galculat iong of thig
type on the airplane tested indicate that 6—1/2 seconds
would be the optimum time in which to move the flap when
the speed change corresponds to the difference between
stalling speeds for the two flap positions.

It is evident from the foregoing discussion that, if
the speed were kept constant during the flap movement, Aj

would be zerw and almost immediate control of the flight-
path angle would be attained. It would obviously be im-
possible to maintain the speed constant if a flap that in-
creased the 1ift coefficient, as in the present case, were
retracted at minimum speed. Several forms of gliding-
angle controls have been developed that do not increase
the 1ift and for which this consideration is important,
Flight paths illustrating such a case are shown by the
lower curves (C) of figures 8 and 9. It is evident from
figure 9C that almost immediate change of flight path in
the desired direction can be obtained if the velocity is
maintained constant, There is considerable difficulty,
however, in maintaining constant speed when the flap is
operated, owing particularly to the change in angle of at-
tack required to maintain a constant Iift coefficient.
Thus, in the reverse maneuver shown in figure 8C, there
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was a considerable variation in speed with the result that
a distance of 550 feet was traversed before the airplane
finally crossed and remained above the extension of the
original flight path.

Characteristics of the Balanced Split Flap

Figure 11 gives the 1ift gnd drag echaracteristics of
the Fairchild 22 airplane for angles of attack in the
neighborhood of the stall and shows the effect of the bal-
anced split flap. The maximum 1ift coefficient of the
airplane was increased through use of the balanced split
flap from 1.49 to 2.17. The stall, as expected, occurred

at the same angle of attack with or without the flap. The

drag coefficient at maximum 1ift, with the propeller
idling, was increased from 0.23 to 0,43 by lowering the
flap. As the percentage increase in the drag coefficient
was greater than the percentage increase in 1ift coeffi-
cient, the L/D ratio at maximum 1ift was decreased from
65 to. D0k

In order to illustrate the effect of the balanced
split flap on the gliding performance of the airplane the
velocity diagram (fig. 12) has been included., This dia-
gram shows that the low speed of the airplane was reduced
from 51 miles per hour to 43 miles per hour and that the
glide angle at low speed was increased from 8—1/2O £ i it
by use of the flap. The curves have been prepared from
the flight data for the airplane with flap up and flap
down and it should be appreciated that were the compari-
son made between an airplane without flaps and one with
flaps the additional wing weight due to the weight of the
flap installation would have to be considered. The in-
stallation of flaps increases the weight of the wings
about 50 percent or, for the airplane in guestion, about
100 poundss Thus, for a given disposable load, the low
speed of the airplane without flaps would have been 49.5
miles per hour as against the 51 miles per hour given for
the flap-up condition. The glide angle at low speed is
independent of the weight.

Figure 13 gives the attitude angles of the airplane
for gliding flights These curves show that when the flap
is lowered the pilot must expect the nose of the airplane
to lower. The nosing-over tendency is least when the an-
gle of attack is kept constant and the speed decreased as
the flap is lowered, If the speed is kept constant, how-
ever, the airplanc will nose over about 12 .
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The flap~operat ing foreec is shown im figure 14 for
several air speeds and the corresponding flap hinge-
moment coefficients are shown in figure 15. - 0nly the
solid portions of the curves represent experimental dataj;’
the dashed portions are extrapolations to the limits of
travel. A comparison between the flight results and full-
scale~tunnel data (reference 4) for a.plain split flap on
the same airplane indicates that the hinge moments of the
balanced split flap are about two thirds of those for the
plain split flaps, agreeing with the predictions made on
the basis of the small-scale tests of reference 1,

The effect of the balanced split flaps on the longi-
tid inal” sbabil ity and cont roll charactieriistiies: of ther Pair=
child: 22 airplane is of interest as an illustration of the
manner in which the large pitching moments of flaps may
‘manifest themselves. TFigure 16 shows the elevator forces
with the standard horizontal tail surfaces with the sta-
bilizer set full tail heavy for the flap-up and flap-down
conditions with both power on and power off. With flap
up the elevator forces were normal., With power both on
and off there was one speed at which the airplane would
balance with stick free and the slope of the stick—-force
curves was negative throughout the speed range. With the
flap down there was no speed at which the airplane would
balance with the stick free with power either on or off
within the speed range covered although, with power on,
indications are that the airplane probably had a balance
speed of about 73 miles per hour. In addition, the flap
changed the slope of the curves from negative to positive,
with power on at speeds above 55 miles per hour and with
power off at speeds above 64 miles per hour. It is possi-
ble, by adjustment of the stabilizer, to shift the stick-
force curves in the vertical direction; the positive slopes
of the curves have therefore greater significance than the
fact that no balance speeds were obtained with the stabil-
izer setting tested. If a stick-free balance speed of,
for example, 64 miles per hour, with the power off, were
obtained by a suitable stabilizer adjustment, the airplane
would still be dangerous to fly as any increase of speed
from this would require that the stick be pulled back to
prevent the airplane from going into a dive. With the
stable or nregative slope to the stick force, the airplane
would auntiomatically tend to return to the balance speed,

Instability of the stick-force curve as encountered
with this airplane wita the flap down is weually agsoei-
ated with an unstable slope of the pitching-moment coeffi-
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cient for the airplane, The measured elevator angles for
the flap down and power off, which are also shown in fig-
ure 16, indicate, by the fact that the elevator was moved
progressively trailing edge down in order to increase the
speed, that in this case the airplane had a stable slope
to the pitching-moment coefficient curve. Subsequent
tests have shown that this difficulty with the longitudi-
ngl sbtabilidby i sanots conf ineds solely to the Gypewof yfdiap
used in these tests but is likely to be cncountered with
any flap, particulerly if the flap is installed on an: gl
plane not originally degisgned to receive it

An analysis of the design of horizontal surfaces in
conjunction with wings equipped with flaps, which will be
completed and reported later, indicates that it is neces-
sary to consider the maximum 1ift coefficient that can be
obtained from the tail plane with free elevator, The dif-
ficulty with the present flap installation is that with
the elevator free the horizontal tail surface is too small
to provide the tail moment required to balance the wing
pitching moment at small angles of attack with the flap
down, although with elevator fixed the area is sufficient
to make the airplane statically stable,

In order to make the airplane satisfactory for the
tests a trimming tab was installed on the elevator to
change the elevator angle for zero stick force. Figure 17
shows curves of elevator control force and position after
the tab was installed. Difficulty caused by the unstable
slope of the stick-force curve was avoided by not oxceed~-
ing 70 miles per hour with the flap down during the tests.

CONCLUSIONS

l, TFor flap movements accompanied by a change of 1ift
characteristics, and consequently of velocity, there is an
appreciable delay in obtaining a desired change in glide
angle. even though the flap is operated instantaneously.
Immediate control of the glide path is obtained only when
the speed is maintained constant during the flap movement.

2. When the speed is changed, the deviation from the
desired path during the transition increases in proportion
to the rapidity with which the flap is moved so that, with
a high-1ift flap, abrupt retraction at speeds less than

he minimum speed with the flap retracted may be dangerous
if practiced close to the ground.
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3. The balanced split flap increased the maximum
1ift coefficient of the Fairchild 22 airplane from 1.49 %o
2.17. The increase is about equal to that of a plain
split flap of the same dimensions.

4, The design of tail surfaces is more critical with
flaps than without, and there is a certain amount of dan-
ger involved in the installation of flaps on an airplane
not originally designed to receive them.

Langley liemorial Aeronautical Laboratory,
Fational Advisory Committee for Aeronautics,
Langley Field, Va., October 14, 1935.

REFERENCES

l. Wenzinger, Carl J.: Wind-Tunnel Investigation of the
Aerodynamic Balancing of Upper-Surface Ailerons
and Split Flaps. T.R. No. 549, N.A.C.A., 1935,

P Soulée, H. A., and KcAvoy, W. H.: Flight Investigation
of Lateral Control Devices for Use with Full-Span
Flaps. T.R. Wo. 517, W.A.C.A., 1935,

%. Thompson, F, L., Peck, W, C., and Beard, A. P.: Air
Conditions Close to the Ground and the Effect on
Airplane Landings. T.R. Ho. 439, N.A.C.A., 1934,

4, Wallace, Rudolf: Investigation of Full-Scale Split
Trailing-Edge Wing Flaps with Various Chords and
Hinge Locations. TR He«" 589, " NeATECRA: 5 #1985,




12 N.A.C.A. Technical Note No. 548

 TABLE I

CHARACTERISTICS OF THE FAIRCHILD 22 AIRPLANE WITH
SPECIAL WING EQUIFPED WITH BALANCED FLAPS

Yiag:
AYen « » = v Joumd A s sem o B8 B, Yo sty 162 sq.fte.
SR 5 o o 5 o 6 5 4@ o o0 o6 © o o @ 30 fte
T TR e Aoy S AR Oy . i
Aspect ratid . . . . . & ME AT L 5558
Nitrfioriisoeb i 0 TR e N-22
Anole of wing sebtiing - & & « o @ o . 0.9O
Dihedsal .« s s e b w8 wie w o oo e . 340°

In 2 sections leaving 3-foot cut-out over pilot's
cockpit.

Span (each section) . .13 ft. & in. or 90 percent b/2.
Bhord w & @ = ®ge+. @ =, 10—8/4 ins on 16.25 pericent ek
Adirfoil.section & « . Ordinates given in table.TIT,

Hinge location . . . 2.15 in. or 3.25 percent c aft
L.,E, of flap.

1.61 in. or 2.44 percent ¢ be-
low chord of flap.

0

(@]
N

Maximum deflection
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TABLE I (Continued)

Lateral Control System:

Retractable aileron:

Chord location . . . . 4 ft, 2-1/2 in. or 7.65 per-
cent ¢ aft L.B, of wing.

FBE . . s v s s o« » ¥ 88s 6 %us or 50 pEReENR b/2.

Hinge~axis location « .3 ft. 7 in. or 65 percent c
aft TLehs of wing.

1 ft. 1/8 in. or 18.4 percent
¢ above chord of wing.,.

Maximum deflection . . 8-1/16 in. or 12 percent c
from uvupper wing surface.

Horizontal Tail Surfaces:

Total area (exclusive of elevator tabs) 26.2 sq.ft.

! P S 100 1 #%.

depoet ratic . - « ¢ . s 40 0 e e & 3.8
Ptabil izer Gres . % & « '« 5 @ 5 = oW & 158 sde.fte
Bhoblifser 8886 .« « « > = 5 » 4w » o =d0” S0 2,0°
Elevator area (exclusive of tabs). . . 10.4 sq.ft.
Bl tior Tahee « o & & v W w % 5 w4 o e +30°
T e T o ... s« O sdeT e

| A S | o

L.BE. of wing to elevator hinge axis . . 14,74 ft. or
2,68 ¢

B i s 4 5w s s e s - w s owow k& aw JeBPE Lhg
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TABLE II

ORDINATES FOR BALANCED FLAP

(Values in percent flap chord, cf)

Station Upper Lower
0 1.38 1.38
1s25 2.94 .42
25 Seld 23
5 4,85 .03
TalD 5.81 0

1o 6+65 0
15 7281 0
20 8.43 0
30 8.08 0
40 7.00 0
50 6.00 0
60 4,92 0
70 3.84 0
80 2.81 0
90 L ?d 0]
95 1.07 0

100 74 0

1., radius, 0.37 B
L.,E. radius, 615

14
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Figure 3.-

{ Fairchild

22 airplane
showing bal-
anced split
flap and re-
tractable
ailerons
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extended
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Figure 6.- Relative movement of halanced split flap and flap
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Figure 8,- The effect of retracting the balanced split flap under different
conditions.
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Figure 10.- Schematic drawing of the motion subsequent to retracting the flap
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Figure 13.- Effect of the balanced split flap on the attitude angles for gliding flight.
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