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By Fred B. Weick

The increased use of split flaps for the dual

ction with the flaps without the sacrifice of any of

effectiveness of the flaps. A large amount of work

dividuals. Several of the devices developed seem us

‘@, some of them unguestionably so.

to date,

I. Ordinary Ailerons
Qrdingry ailerons as now used on conventional air-
lanes give satisfactory lateral control at angles of @#a ;
k'in hhé ordinary flying range below the stall, h&ﬁ &ﬁ:
)t give contrel above the stall.

refore the control force required to operate the ail

& may be used in conjunction with split f£1

the three arrangements shown below,




@

A, Conventional ailerons with flap confined to inner

portion of wing (fig, 1). ~ With this arrangement a part

of the span of the flap must be sacrificéd. With the ai;
lerons covering approximately 40 percent of the span of
the wing, a split flap over the remaining 60 percent will
give between two thirds and three fourths of the 1ift in-
crease obtainable with the flap along the entire span.

If, as seems to be true in some cases, the increasec in
drag at low speeds is the main feature desired from the
flap, the drag of the partial-span flap can be increased
by deflecting it to a larger angle than that giving the

highest 1ift coefficient (this can be done with no great

~— Split flap

Figure l.- Conventional ailerons with flap confined to inner
portion of wing.



loss in 1ift if the flap is not cut away at the center
also), and this arrangement with ordinary ailerons should
be reasonably satisfactéry in regard to both performance
and control. Inasmuch as outboard ailerons have been
satisfactorily used with other kinds of flaps in the cen-
ter portion of the wihg in several cases, no further tests
of this arrangement seem required at the prosent time,

B. Simple split flap ahead of narrow conventional

ailerons. - A split flap can be located in the under sur-
face of the wing ahead of conventional ailefons. When
retracted the arrangement is as shown in figure 2(a). if
a simple fgrm of split flap is used which is hinged at its
forward edge, the appearance when deflected is as shown in
figure 2(b), The flap in this forward position gives
somewhat less than three fourths of the 1ift increase of
the same flap in the usual rear position (see N,A.C.A, T,W,
Nos 422), the loss in 1ift being about the same as with
case A above, Wind-tunnel tests indicate that rcasonably
satisfactory control should be possible at angles of at-
tack below the stall with the flap in either the deflect-
ed or the retracted position,

C. Split flap deflected rearward and downward, -‘If,

as shown in figure 2(c), the split flap ahead of the aile~-

ron is moved to the rear as the trailing-edge portion is



deflected downward, a double advantage is obtained, The

deflacted flap is located in the most effective region for

Split flapd///

retracted

Simple P
split flap™
deflected
dovmward

Split flap
. deflected
rearvard and
downward

Figure 2.~ Split flaps mounted ahead of narrow conventional
ailerons,
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high 1ift (T.W. No. 422), and the force regquired to deflect
the flap is reduced, Recent tests in the N,A,C.A. 7 by
10 foot wind tunnel show that conventional ailerons with
any of the conventionally used deflection linkages (equal
up~and~down or differential) will give reasonadbly satis-
factory rolling and yawing moments at angles of attack
below the stall with the flap deflected in the position
illustrated in figure 2(c). With the flap retracted, the
wing and ailerons operate in the normal manner of present
conventional airplanes., The narrow ailerons should regquire
reasonably low control force, but if desired, they may be
balanced to reduce the hingo moments by any of the»ordina—
ry means, such, for example, as the inset hinge. The ar-
rangement shown in figure 2(c) seems the most satisfactory
of those combining split flaps with ordinary ailerons, and
it is now being fitted to a small parasol monoplane for

flight tests at Langley Field, Va.

II, External Ailerons
Two promising locations have been found for external
allerons, or ailergns composed of separats airfoils at-
tached to bdbut apart from the main wing. One of the favor-
able locations is just above the trailing edge of the main
wing, and the other is just above the nose, ‘ In either

case, the exXternal ailerons give a slight increase in drag



over that with conventional ailerons which fall within the

contour of the wing.

A, External ailerons just above the trailing edge

(fig, 3)., - This form of aileron has been used by Mr, E. F,
Zaparka on airplanes equipped with the Zap flap. Recent
development work which has been carried on by Mr. Zaparka
in conjunction with the B/J Company is described in a paper

given a short time ago before the A.5.M.E (reference 1).

;
f

Aileron

down

~
“Aileron up

Pigure 3.-External ailerons above trailing edgec of wing.

Wind-tunnel tests made for the Zap Development Corporation,
and also tests made by the Wational Advisory Committee for
Aeronautics (not yet pubiished) show that, when ailerons

of this type arc given a suitable differential motion,
rolling moments of moderate magnitude are obtained at an-

gles of attack below the stall, The rolling moments are



slightly higher with a split flap fully deflected than
with it retracted, The ailerons are similar to ordinary
ailerons in that the rolling moment coefficients are ap-
proximately constant over the angle~of-~attack range bvelow
the stall and then fall off above it, but they are unlike
ordinary allerons in that they are free from adverse yaw-
ing moments, which fact should make them less dangerous
than the ordinary ailerons at the angles of attack above
the stall, Flight tests have borne out these conclusions,
but have also brought out the fact that the control forcés
required are very great at,high aircraft speeds (reference
1) If the aileron hinge axis is moved sufficiently far
to the rear to give a reasonable control force at high
speed on a fast airplane, the ailerons will be overbal-
anced at low speeds, This condition has been partly over-
come by work which is still being carried on by the Zap
Development Corporation in conjunction with the B/J Con-
pany, in which the aileron airfoils are provided with fixed

slots,

B, External ailerons located above the nose portion

of the wing (fig. 4). - N.A.C.A, wind-tunnel tests (not yet

published) have shown the position just above and slightly
back of the leading edge of the main wing to give higher

rolling moments than most others, as well as satisfactory



yawing moments, The rolling~moment coefficient increases
in magnitude as the angle of attack is increased up to and
through the stall (these ailerons are similar to spoilers
in this respect), and fair values are maintained to very

high angles of attack, This location has also been found

Aileron neutral

\‘}/ ///7\

Aileron wup

,//// Pisure 4.- External ailerons
above nose of
wing,

promising in an investigation carried~on during approxi-
mately the same period as the N,A,C.A. tests at California
Institute of Technology, in cooperation with the Douglas
and Northrop companies (reference 2). Flight tests have
been made on external ailerons in approximately this same
location both by the National Advisory Committee for Aero-
nautics at Langley Field and by the Douglas and Northrop
companies on the West Coast. In fhe West Coast tests the

ailerons were given an extreme differential motion, and a



lag or delayed action was found to exist when the controls #

were defloctod, In the tests ét Langley Fipld, the aile-
rons wereo givon two types of deflection, in both of which
tho ailerons werc moved one at a time., - With one type of
dofloction the trailing edge of the aileron was moved wup
only; and with the other type the trailing edge was moved
down only, these opposite deflections being selected Dbe-
cause the wind-tunnel tests showed that moving the aileron
in either direction from a critical neutral position re-~
duced the 1ift on the adjacent portion of the wing. When
tested in flight, these ailerons slso had lag when given
the deflection in which the trailing edge moved downward,
but they were free from lag when the trailing edge was
giveﬁ tho individual upward deflection. In the ofdinary
flying range the acceleration in roll was found to be only
about half as great as that obtained with ordinary ailerons
of approximately the same size, but the final rate of roll
was greater than that obtainsd with ordinary ailerons.

The lattef condiﬁion was not considered advantagoous dy
the pilots, The ailoerons gave modorate control at the
angles of attack above the stall, As in the case of the
external ailerons in the rear position, however, the con-
trol force was found to be high at the high speeds, even

with the ailoron hinge axis moved as far back as possibie
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without resulting in overbalance at low speed, The work
dealing with external ailerons in the forward location is
8ti1ll in progress, both on the West Coast and at Langley
Field. r
111, PFloating Ailerons

The most promising types of floating ailerons may be
classed as external ailerons also, because they are not a
part of the useful or lifting portion of the wing. Two
forms of floating aileron have been dovelopoed which appear
feasible for wuse in connection with wings having flaps.
One of these is the narrow-chord type such as that used on
the Curtiss Tanager, which is suitable for use in connection
with an externally braced or biplane-type structure (fig,
5), The other is the floating-tip typeo on 2 highly tapored
wing (fig. 6) (referonce 3), somewhat similar to that used
on the original Stout "Sky Car.® Both types give reasonably
good lateral control with moderate rolling moments and no
gppreciable yawing moments. Both give control at angles
of attack above the stall, and they also improve the lat-
eral stability above the stall to some extent, With the
narrow-chord type as used on the Tanager, it may be diffi.
cult to secure sufficient control without obtaining highe
control stick forces, and the drag of the supports must be

appreciable, The floating aileron on the tip of an extere
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Fizure 5.-Narrow chord floating ailerons on biplane type
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structure.

Flaps on fixed
~~ . -portion of wing.

Fisuro 6,-Floating tip allerong on highly taperecd wing,
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nally tapered wing should give no particular difficulty in
gither of these respects but the over—a}l span must be in-
creased, the span of the fixed portion of the wing being
determined by the climbing performance desired., Both
types of floating aileron have been flown with reasonably
satisfactory results. It is thought that further flight
tests of floating ailerons on an airplane with a highly
tapered wing may be desirable, but due to the pressure of

other work none are scheduled for the immediate future,

IV. Upper~Surface Ailerons
These ailerons are formed by deflecting the upper
trailing-edge portion of the wing which is left above the

split flaps (fig. 7). They are deflected upward individ-

Aileron
neutralk

-~ Aileron up

////6::*Simple split flap down

Figure'7.- Upper surface ailerons.
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unally, Wind tunnel and flight tests made at Langley Field
both show that while moderate rolling control can be ob-
tained at angles of attack below the stall with the flap
either deflected or retracted, if simple unbalanced upper-
surface ailerons are used the control forces required are
excessively high even though tho ailerons have a Barrow
chord, Work is now being carried on in the 7 by 10 foot
tunnel to investigato the possibility of obtaining suit-
able reduction of hinge moment by means of proper hinge

location and aileron shape,

V. Spoilers

Various sﬁoiler arrangements have been tested by the
National Advisory Committee for Aeronautics both in the
wind tunnel (references 4 and 5) and in flight (not yet
published), These spoilers have consisted essentially
of plates or s?rfaces arranged to project from the upper
surface of a portion of the wing in order to reduce the
1ift over that portion. The spoilers located near the
nose of the wing gave control at angles of attack above
the stall, but unfortunately had a definite lag or delayed
action due to an initial but imperceptible tendency to

roll in the wrong direction. The time from the deflec~

tion of the control to the start of the roll in the desired
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direction averaged about one half second, which isg suffi-
cient to eliminate the spoiloers in that location as a pos-
sible satisfactory control. The lag was found in flight
with each of the three different forms of spoiler tested;
the first being a flap set in the upper surface and hinged
at the front edge; the second, a retractable spoiler pro-
jecting out through a slot in the upper surface of the
wing; and the third, the retractable spoiler cut to saw-
tooth form, These results seem to eliminate the spoiler
located in the forward portion of the wing as a satisfac-
tory lateral-control device when used by itself but, if
control above the stall is of sufficient importance, a
satisfactory arrangement free from lag can be obtained by
the proper combination of spoilers and‘ordinary ailerons,
The spoilers can be arranged to reduce the aileron hinge
moments, if desired, either by means of their location

or their connocting linkage.

In regard to control at angles of attack above the
stall, the flight tests have shown that the lateral in-
stability above the stall may be so violent as to elimi-
nate the possibility of handling the airplane satisfacto-
rily even with an effective-lateral control. This seens
to indicate that even for occasional emergency use only,
control above the stall may have bqt slight value unless

it is accompanied by stability.



If the spoilers are moved sufficiently far back along
the chord of the wing, there is no doubt that the lag can
be eliminated for there is no lag with the upper-surface
ailerons, which are the same as tho flap-typo spoilc:s in
the rearmost possible position, Unfortunatoly, howover,
as the spoiler is moved back its effcctivenocss in giving ,
control at angles of attack above the stall is lost., The
present plans are to continue flight tests to find the )
most forward spoilér location free from lag,. The next
test will be made with the retractable-type‘spoilers near
the trailing edge of the wing (fig. 8), where they will

give approximately the same rolling and yawing moments as

the upper-surface ailerons but with the advantage of very

low control forces, for with this type of spoiler the hinge

moments can be made to be practically ZG6T0,

/ ~
//// Spoiler
/// retracted

inte wing

Spoiler extended

Figure 8.~ Retractible spoilers,



- 16 =

Concluding Remarks

Considerable work is being done on the problem of pro-
viding satisfactory lateral-control devices for use with
split flaps, and several forms under development show prom-
ise, but no form giving full benefit of a properly located
full=-span flap has as yet been proved entiroly satisface
tory in flight, Although the external ailerons above the
trailing cdge of the wing and theo spoilers at the recar of
the wing both appear quite promising, it would seem that
probably the most satisfactory immediate solution of the
problem, including the obtaining of light and smoothly
graduated control forces, would in most cases be obtained
by the use of the arrangement in which the flap is retracte
ed ahgad of ordinary narrow-chord ailerons and is defloect-

cd to the rear as woll as downward whon in usoe (fig., 2(c)).

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 8, 1933.
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