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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMCORANDUM REFORT

for the
Bureau of Aeronautics, Navy Department
TESTS OF A O.SO;SCALE SEMISPAN MODEL OF THE DOUGLAS XTBZ2D-1
AIRPLANE WING AND FUSELAGE COMBINATION IN THE
NACA 19-FO0T PRESSURE TUNNEL
ITI - ROLL-FLAP POSITIONING AND LATERAL-~
CONTROL INVESTIGATICN

By Stanley H. Spooner, C. Dixon Ashworth,
and Robert. T. Russell

SUMMARY

Tests of a 0.30-8cale semispan model of the Douglas
XTB2D-1 airplane wing and fuselage combination equipped
with full-span double-slotted flaps have been conducted
in the NACA 19-foot pressure tumnnel. This paper presents
the results of that portion of the investigation con-
cerning the development of the outhoard flap, or roll
flap. The purposes of these tests were (1) determination
of the optimum relative positions of the wing, vane, and
roll flap consistent with a high maximum 1ift coefficient
and adequate rolling effectiveness; (2) determination of
the roll-flap loads and hinge moments for design infor-
mation; and (3) an estimation of the lateral-control
forces of the airplane.

The results indicate that adequate rolling effec-
tiveness and a high maximum 1ift coefficient may be
obtained with the use of fullespan double-slotted flaps.
The lateral-contrcl forces of the XTB2D-1 airplane meet
the Navy Department requirements, However, 1t is recom-
mended that the maximum value of the helix angle be
ralsed by increasing the maximum roll-flap cdeflection
for the flaps-retracted condition.




INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Department, a 0.30-scale semispan model of the Douglas
XTB2D-1 airplane wing and fuselage combination was
tested in the NACA 19~foot pressure tunnel., The primary
purposes of these tests were (1) to position the full-
span double-slotted flaps so that adequate lateral con-
trol end a high maximum 1ift coefficient might be
obtained; (2) to determine the effectiveness of the
Inboard flaps as a dive brake; and (3) to determine the
full=-span flap lcads and hinge moments.

This report presents the results of the investiga-
tion to determine the optimum relative positions of the
wing, vane, and roll flap, the roll-flap loads and hinge
moments, and an estimation of the lateral-control char-
acteristics of the airplane. The data and analysis of
the other enumerated items are presented in reference 1.

b semispan model was tested for the purpose of
securing date at a large Reynolds number. An end plate
was installed iIn the tunnel to act as a reflection plane
for mainteining the correct air flow and 1ift distribu-
tion over the wing.

COEFFICIENTS AND SYMBOLS

The coefficients and symbols used herein are
defined as follows:

Cr, 11ft coefficlent (L/qS)

Cp drag coefficient (D/qS)

C, pltching~-moment coefficient (M/qS¢E)

CZ rclling-moment coefficient (L'/qSb)

C, yawing-moment coefficient (N/qSb)

Ch roll-flap hinge-moment coefficient (Ha/§b85a2>
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where

roll-flap normal-force coefficient (Na/qsa)
roll-flap chord force coefficient (Ca/qsa)

rate of change of rol%&n -moment coefficient

with helix angle { —=%
oBR
)

P =1
pressure coefficlent (T-7;~%)

1ift

drag

pitching moment
rolling moment
vawing moment

roll-flap hinge moment measured about 0.262 roll-
flap chord

roll-flap normal force
roll-flap chord force

difference between local static pressure and
free-stream static pressure

dynamic pressure of free stream (%QV?)

wing area (27.24 feetg)

mean aerodynamic chord (2.696 feet)

roll-flap area (2.654 feet<)

helix angle, where p 1is the rolling velocity
model span (10.5 feet)

product of span and square of roog-mean-square
chord of roll flap (0.832 foot®)




airspeed

indicated airspeed W/s
i 0.001189CT,

mass density of air

corrected angle of attack of wing reference line
tunnel angle of attack of wing reference line
roll-flap deflection

inboard flap deflection

control wheel deflection

wing chord at any spanwise station

radial distance from wing lip to vane

distance, parallel to wing reference line, from
wing lip to vane leading edge

radial distance from vane trailing edge to flap

distance, parallel to wing reference line, from
vane trailing edge to flap leading edge

roll-flap vane angle

roll-flap cut-off angle

test Reynolds number (pVe/p)

Mach number (V/a)

coefficient of viscosity

sonic veloecity

roll-flap control force at rim of wheel
control wheel radius (0.583 foot)

time




L=-56l

@

angle of sideslip
[ angle of bank

MODEL AND TESTS

The genereal dimensions of the 0.30-scale XTB2D-1
semispan model and the arrangement of the model and the
end plate in the 19-foot pressure tunnel are shown in
figures 1 and 2. A complete description of the model
is given in reference 1.

The tests were conducted with the air in the tunnel
compressed to 35 pounds per square inch absolute pressure.
For the majority of the tests, the dynamic pressure was
approximately 5C pounds per square foot, corresponding
to a test Reynolds number and a Mach number of approxi-
mately 5,200,000 and 0.12, respectively. The aerodynamic
forces and moments were measured by an electrically
recording, six-component balance system. The roll-flap
loads and hinge moments were measured by means of
resistance-type strain gages.

For vane and roll-flap positioning purposes, the roll
flap was arbitrarily set at a deflection of 30°. The wing,
vane, and roll-flap parameters (fig. 3) were measured
relative to this position. The model was tested through
a range of angles of attack and a range of roll-flap
deflections for each of the roll-flap hinge-line and vane
positions investigated. During this series of tests,
excessive vibration of the roll flap at extreme deflec-
tions (48°) necessitated reducing the dynamic pressure
to give a Reynolds number of approximately 4,300,000 for
thegse high-deflection tests.

For the purpose of determining the lateral-control
characteristics, the model was tested through an angle-
of-attack range at several roll-flap deflections and at
various extensions of the full-~span flaps. For these
tests the relative positions of the wing, vane, and roll
flap at full extension were those determined from the
positloning studies; these settings are shown in figure 4.
The path of the roll flap and the vane from the retracted
to the fully extended position is shown in figure 5. It
should be noted that the attitude of the vane was fixed
with respect to the wing for a given extension and was




not changed with a change in the roll-flap deflection.

The attitude of the vane at other than full extension

was determined from the linkage system intended for 3
use on the .alrplane.

Since in the fully retracted position the roll flap
deflected against the wing 1lip at positive deflections,
roll-flap loads and hinge moments could not be determined.
It was therefore necessary to allow a slight clearance
between the roll flap and the wing lip and also to
minimize the deflection by reducing the dynamic pressure
to give a Reynolds number of approximately 4,300,000,

The effects of the reduced dynamic pressure and of the
clearance were not exactly determined but are believed
to be small.

No tests of tab effectiveness were made.

Static-pressure tubes were installed flush with the
upper and lower surfaces of the roll flap at a section
approximately midspan of the roll flap in order to
determine the pressure distribution for the retracted
roll flap. Figure 6 gives a cross-sectional view of the
roll flap showing the location of the pressure orifices.
The pressure measurements were photographically recorded
on a multiple-tube manometer. ’ A

The “standard model configuration" as used herein

i1s defined as the plain wing and fuselage equipped with
the small chord vanes and without the end-plate seal.

DATA AND CORRECTION

All results were reduced to standard nondimensional
coefficlients converted, with the exception of the rolling-
and yawing-moment coefficients, so as to apply to a
symmetrical complete wing and fuselage combination. The
rolling- and yawing-moment coefficients apply to a com-
plete wing and fuselage combination only for the condi-
tion where the left roll flap is deflected from neutral.
The pitching, rolling, and yawing moments, as converted,
are referred to the wind axes originating at the normal
center-of-gravity location in the plane of symmetry at
25 percent of the mean aerodynamic chord and 0.032¢ above
the wing reference line.
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Inasmuch as the desired results were primarily com-
parative, corrections were not applied for the effects
of the drag and interference of the model support system.
The effects are therefore included in the 1ift, drag,
and pltching-moment coefficients. The increments in
these coefficients are considered to be correct although
the small increments in the tare values due to flap
deflections are neglected.

However, corrections were applied for the effects
of air-flow misalinement and jet boundary, which includes
streamline curvature and the induced rolling and yawing
moments due to the reflection plane. The value of the
rolling moment recorded by the balance system with the
roll flap in its neutral position was used as a tare, and
the net rolling moment was thus equal to zero when the
roll flap was set at neutral. This tare, then, may be
considered as 1including practically all of the tare
effects of the model support system on the rolling
moments., The corrections applied to the yawing-moment
coefficlient were similar to those applied to the rolling-
moment coefficient. Thus, the rolling- and yawing-
moment coefficients may be considered to be absolute
values, No corrections were applied to the roll-flap
hinge-moment or force coefficients.,

The magnitude and =ign of the complete corrections
to the gross data are given in the following equations:

Cn = C + 0,0120,°
D CDgross 120y,

g ®eal +10.788Cy + | Qwd

Q
o~
|

MO0 dose, TRk

= - - 0,0314C C
Cn Cngross Cntare ¢y L

corr +gross




RESUITS AND DISCUSSION

Positiocning Investigation

The 1ift and rolling characteristics for the various
relative positions of the wing lip, vare, and roll flap
are shown in figure 7. A cross plot of figure 7, giving
rolling-moment coefficient with respect to roll-flap
deflection for an angle of attack of 9°, is shown in
figure 8 from which the effects of the roll-flap parameters
may be observed.

It should be noted here that the 1ift coefficients
of figure 7 actually represent values which would be
obtained on a full-span model with both roll flaps
deflected equally in the same direction. Any estimate
of roll-flsp characteristics for specified 1ift coef-
ficients should therefore be made usging the 1ift coeffi-
cient obtained with the roll flap in its neutral position.

The effects of the various roll-flap parameters on
the rolling effectiveness at large roll-fiap deflection
may be summarized in the following table, prepared from
the data of figures 7 and 8:

Roll-flap| 5 Cy for o
arrance-1 V& g /o 11 lo Neo/e 11 /o Ca | 5, = 1,8° Lmax
£ o) Cw Y w2 w2 Twr a o
ment (deg) (deg) (Aﬁazleo) (8a =30")
4 Ly 10.019(0.211 {0.017[0.0L8 | 38 0.0162 2.60
2 Lo 019] 011} .017| .0L4B| 38 0266 2.71
2 L0 0151 (011} 022|045 | 38 0295 2.72
L Lo .015| .011{ .017| .OL8| 38 .0270 2.75
5 Lo .015| 011} .017] .048B| 31 .0290 2. 87
6 LN 015| 011} .017| 048] 38 .0%03% 2.67
7 Lo 015 014} .012| 048] 38 .0160 2,7
8 Lo L0151 O11F .017] 052] 38 .0280 2vlT

As shown by the values in the preceding table,
arrangement 6 gave the best rolling effectiveness for
large deflectlons while still providing a reasonably

T96~1
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high maximum 1ift coefficlient for neutral roll flap

(65 = 30°). Because of undesirable roll-flap wibration
observed in teste of this combination, however, it was
decided that arrangement 3 was the mecst satisfactory of
the combinations tested. These settings were selected
as the optimum arrangement and used in the remainder of
the lateral-control investigation. '

The effectiveness of the roll flap appears to be
sensitive to small changes in the vane angle 5Va and

also to small variations in the vane-roll-flap gap g9,
although the resulte are not conclusive in the case of
the latter parameter. In the range tested, the effec-
tiveness of the roll flap is only slightly affected by
small changes in. the other parameters.

Lateral-Control Characteristics

In figures ¢ through 15 the characteristice of the
model and the roll flap for the retracted, intermediate,
and fully extended positions of the full-span flaps are
presented for several angles of attack. A smooth varia-
tion of rolling velocity with roll-flap deflection is
indicated. The cata in these figures were cross-plotted
from the original data, a representative plot of which
is shown in figure 16. The 1ift, drag, and pitching-
moment characteristics of the model for the neutral roll-
flap deflections at the various extensions are given in
figure 17. The data obtained from tests of the XTBZD-1
semispan model are analyzed herein to give estimated
full-scale values of the helix angle and the wheel
forces.

Flaps neutral.- The value of the helix angle for
the flaps-retracted flight conditions 1s estimated as

pb _ 0.8C,
2V
CLp
where the value Clp = 0.57 was obtained by correcting

the value indicated in reference 2 to a lift-curve slope
of 0.108 rather than the theoretical lift-curve slope of
0,099 used in reference 2. The factor 0.8 is empirically
determined from attempts to correlate wind-tunnel and
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flight data and allows for reductions in the available
rolling moment due to.adverse yaw at low speeds and to
wing twisting and compressibility at high speeds. The
wheel forces in steady rolls were determined from the
following equation:

po—

M e Cn
i k qbgCq fup Sdown
" r (daw \ (d()w
déa,up 4%a Jqown

where the hinge-moment coefficilents were corrected for
the change in local effective angle of attack due to
steady rolling. The mechanical advantage of the control
system which was used in the determination of the wheel
forces is glven in figure 18,

The estimated roll-flap effectiveness for the flaps-
retracted condition is showy in figure 19. The condi-
tions considered correspond to 120 and 140 percent of
the flaps-retracted stalling speed and to 80 percent of
the expected maximum speed. The stalling speeds were
determined using an assumed wing loading of 39.7 pounds
per square foot and values of maximum 1ift coefficlent
determined from reference l. A maximum speed of
303 miles per hour indicated was assumed on the basis
of information supplied by the contractor. At 80 percent
of the maximum speed, a wheel force of 78 pounds 1is
required to produce a wing-tip helix angle of 0.070 radian
at the maximum roll-flap deflection. The Navy Department
requirements as specified in reference 3 state that the
lateral-control device should be of sufficient power to
give a wing-tip helix angle equal to or greater than 0.08
and that at any speed above 140 percent of the stalling
speed and below 80 percent of the maximum speed the wheel
force shall not exceed 80 pounds. In order to meet the
requirement that the helix angle pb/2V be equal to or
greater than 0.08, it appears that more roll-flap deflec-
tion is necessary. The variation of control force with
helix angle appears smooth. ¢

Flaps deflected.- The 0.8 factor used in the deter-
mination of the wing-tip helix angles was based upon a -
comparison of flight and wind-tunnel tests of conventional
aileron arrangements for which the ratio of the adverse
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yawing moment to rolling moment was of the order of -0.2.
In the present testg, with the full-span flaps deflected
30°, the ratio was approzimately =0.33 at 120 percent of
the stalling speed. MNoreover, the adverse yaw due to
rolling is greater with full-span flaps than with partial-
span flaps or no flaps. For these reasons it was felt
that the 0.8 factor was not applicable to the full-span-
flap case. TUsing lateral-stability derivatives and mass
characteristics supplied by the Douglas Company on the
bagis of complete model tests and design data, the
motions of the airplane following abrupt full roll-flap
deflection were calculated by the methods of reference L.
The results of these calculations are shown in figures 20
and 21. Although the present tests were made with flaps
deflected 30°, the stability derivatives were estimated
for the airplane in its actual flight configuration in
which the outboard flap deflzction was approximately <0
and the inboard flap deflection approximately 36° at the
spsed considered (92 miles per hour indicated). The
quantitative results of figures 20 and 21, therefore,
will not apply exactly to either configuration. It is
believed, however, that the curves may be accepted as a
reasonable indication of the motions of the airplane in
its flight configuration at a speed slightly above

120 percent of the stalling speed. '

No rolling reversal is observed but the rolling
velocity is noticeably reduced by the adverse yaw. The
curves of figure 21 indicate that an arbitrary value of

B C.6C f 0.8Cy

l
J Clp (%ather than —§€;%> would be in falr agree-

s

ment with the calculated rclling motion. This lower
factor was used in estimating over-all average values of
pb/2V  for use in calculating the aileron control forces
which are shown plotted against average hellx angle 1n
figure 22. For full deflection, average pb/2V values
in excess of 0.08 are indicated, with satisfactorily low
control forces. - Variation of control force with helix
angle appears smooth.

Inasmuch as the rolling velocity did not remain
constant with time, it was thought desirable to present
values of effective pb/2V during periods of time
required to reach certain angles of bank. These values
are shown in figure 23.



It may be noted that the maximum angle of sideslip
shown in figure 20 is approximately 350 - cons1derablv
higher than the crdinarily accepted maximum of 20° Mo
computations, however, were made to determine the amounts
of rudder deflection or pedal force required to counter-
act the sideslip. ’

Roll-flap pressure distribution.- The chordwise
pressure distribution over the retracted roll flap 1is
presented in figure 24. The pressure distribution 1s
given for several roll-flap deflections and for various
angles of attack of the model. An incsufficlent number
of pressure orifices in the vicinity of the wing lip
prevented the determination of the peak pressures.
Consequently, the pressure diagrams are not closed. The
trends, however, are indicated by arrows.

CONCLUSIONS

On the basis of the XTB2D-1 semispan model test
data presented hereln, the following conclusions may
be drawns

1. Adeguate rolling effectiveness and a high maxi-
mum lift coefficient were obtained with full-span double-
slotted flaps deflected for values of the roll-flap
rarameters as follows:

Vone ARl Bs” GO wi o fuionm of cwmmnme o il 3340 B s 40
IAp=VRnG 8D " 5 s w e eNamhne o sfe o s0 v P w SR IG0N
Lip-vane ovelhlng o o 0Kl 37 sl gt o Wit 050110y

Vene-roll-rlap 8D « s « ¢ o o s+ o o o o « o o 00,0220y
Vane-roll-flap overhang . « » « s » s« « « » » » 0.048Cy
Cub=oiffy arifiled i dog e 6uns o sl ol % <135 o T il 5% <. 8 38

2. Roll-flap effectiveness appears to be sensitive
to small variations of the vane angle. The effects of
the vane-roll-flap gap cannot be isolated completely, but
small changes in the value of this parameter appear to
influence the roll-flap effectiveness appreciably. The
remaining parameters appear to have little effect in the
range investigated.

3. The estimated maximum helix angle and the corre-
sponding wheel force are 0.070 radian and 78 pounds,

195~1
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respectively, for the 80-percent maximum speed, flaps-up
condition. Helix angles up to 0.081, with small wheel
forces, are estimated for the low-speed flaps-extended
condition.

4, It 1is recommended that the maximum roll-flap
deflection for the flaps-retracted condition be increased
in order to obtain a pb/2V of 0.08 as required by the
Navy Department specifications. :

Langley lMemorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fileld, Va., September 7, 1944

A
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Figure 2.- View of the 0,30-scale semispan model of the Douglas
XTB2D-1 airplane mounted in the 19-foot pressure tunnel.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA
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figure 6. —Chordwise location of roll-flop

pressure orifices.
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