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NATIONAL ADVISORY COMMITTEE I"OR AERONAUTICS

MEMORANDUM REPORT

for the
Bureau of Aeronautics, Navy Department
WIND-TUNNEL TESTS OF THE %~SCAﬁE POWERED
MODEL OF THE CURTISS XB1C-2 AIRPLANE
IT - PRELIMINARY INVESTTIGATION OF
LATERAL STA3ZILITY AND CONTROL

By Arthur R. Wallace
INTRODUCTION

At the request of the Bureau of Aeronautics, tests
were made of the %-scale model of the Curtiss XBTC-2

airplane in the LMAL 7- by 10-foot tunnel. The results
of a preliminary investigation of longitudinal stability
and control are glven in part I (reference 1).

When lateral-stability tests of the original model
were made, it was found: First, that a rudder-force
reversal was evident; and, second, that a large reduc-
tion in effective dihedral was shown when flaps were
lowered and take-off power applied. 1In an attempt to
remove the rudder-~forcs reversal, various dorsal fins
and a modified vertical tail were tested. In an attempt
to reduce the change in effective dihedral wiih flap
deflection and power, the followlii;s modifications were
tested: the outboard flaps skewed from their original
position (effectively swept back), wing tips which could
be made to.turn up when the flaps were lowered, and three
modifications to the wing plan Fform,

The present report also inbludes some estimates of
flying qualities which were computed from the data herein.

A-new model is to be built and tested which will
incorporate modifications as judged best from the presernt
tests. ' : ‘




MODEL

The original model was supplied by the Columbus
division of the Curtiss-Wright Corporation. It was
equipped with a six-blade, dual-rotating propeller which
was not to scale, its diameter being 1.813 feet as com-
pared to the scale value of 1.771 feet. The model was
not checked for accuracy but was found to be faired and
finished in a satisfactory manner. The original model is
shown in figure 1. Cowl fleps were made at LMAL as shown
on figure 2. Some detaills of the aileron are shown in
figure 3. The various modifications were constructed by
the Navy, the Curtiss-Wright Corporation, or the LMAL.
They are as follows:

Modifications Figure No.
Swept-back outer wing panel Iy
Rectangular outer wing panel 5
Rectengular wing 6
Upturﬁed,wing tips e
Skewed flap positions 8
Canopﬁ opening 9

leofsal fins, 10
Revised vertical tail 1t

~ For all wings tested, the dihedral of the center
panel was 0° gnd of the outer panel 10°, measured at
the leading edge of the chord line.

' The swept-bsck outer wing panel was formed by
pivoting the original outer wing panel about a line so
that the total wing area and incidence remained about
constent. The wing sectlions of the outer panels were
thus st an angle to the air stream for this condition.

The rectangular outboard wing panel is rectangular
from the bresk outward giving e larger total area, The
rectangular wing was formed by the rectangular outer .




panel of figure 5 and a rectangular center section (fig-
ure 6). The rectangular wing has spproximately the same
area as the original wing. -

The upturned wing tips replaced the original wing
tips. The wing area and aspect ratio were increased;
the modification was made in this manner to avoid cutting
the aileron.

The sweep or skew of the outboard flap was changed
by pivoting sbout the outboard fitting (fig. 8). Since
the original flap fittings were used, the gap between
the {lap and the wing and the flap angles changed when
the flap was skewed. The geps obtained with the original
fittings were quite iarge for the skewed positions, and
it was felt that the 1ift would be reduced. Consequently,
the gap was made smaller and most of the tests were run
with the small geap.

The canopy opening, although not quite like that of
the airplane, is belleved to simulate the airplane
aerodynamiceally.

The revised vertical tail had the same plan form
and section as the originsl vertical tail. he rudder
hinge line was moved back 0.86 inch on the model and the
overhanging balance reduced to a minimum.

The power plant consisted of an induction motor,
a dual-rotation gearbox, and the .duasl-rotating propeller,

TEST AND RESULTS

Test conditions.- The tests were made in the LMAL
7- by 10-foot tunnel at dynamic pressures of 9.21 pounds
per square foot for power-on tests in the landing con-
figuration and 16.37 pounds per square foot for all other
tests, corresponding to alrspeeds o about 60 and 80 miles
per hour. The tsst Reynolds numbers were about 560,000
and 76,000 based on the wing mean aerodynamic chord of
12.26 inches. Becesuse of the turbulence factor of 1.6
for the tunnel, effective Reynolds numbers were about
896,000 and 1,192,000,




Coefficlents and symbols.- The results of the tests
are presented 1n standard NACA cocfficients of forces and
moments. Rolling-, yawing-, and pitching-moment coeffi-
cients are given about the center-of=-gravity location
shown in figure 1 (22 percent of the mean aerodynamic
chord of the originel wing). The cata are referred to a
system of axes in which the Z axis is in the plane of
symmetry and perpendicular to the relative wing; the
X axis is in the plane of symmetry end perpendicular to
the Z axis, and the Y axis 1s perpendlcular to the plane
of symmetry (fig. 12).

The coefficients and symbols are defined as follows:
Cr, 1ift coefricient (Z/qS)
Cpg ~ resultant-drag coefficient (%/a3)
Cy lateral-force coefficient (Y/qS)

Cy rolling-moment coefficient (L/qSb)

oC
- : L
C damping in roll ——— e
GRS 5 (pb/2V)
Cry pitching-moment coefficient (M/qSc)

G yawing-moment coefflcient (N/qSb)
Cy - hinge-moment coefficient (H/qb€2>
T,' effective thrust coefficient (T/qS)
V/nD propeller advance-diameter ratio

where the quantities are defined below and in figure e

X
Y} forces along axes

L

M } moments about axes
N) -
H

hinge moment of & control surface
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o T < R <
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and

F

effective thrust
dynemic pressure <%pV2>

wing area (6.3l square feet on model except for
original center panel with rectanguler outer
panels which is 7.26 square feet and for the
original wing with upturned wing tip which is
6.4,6 square feet. The coefficients for the up-
turned wing-tlp modification, however, are based
on 6.3l square feet.)

wing mean aerodynsmic chord (12.26 inches on model.
This value of ¢ 18 used as a basis for C,
for all wings even though original center panel
with rectenguler outer panel has learger actual
mean serodynamic chord.)

root meen square chord of a control surface back of
hinge line -

wing span (6.25 feet on model. This value of b is
used as a basis for: C,; and C; for all wings
even though originsl wing with upturned wing tips
has a spen of 6.5 feet.)

with subscripts, spen of control surface

air velocity

propeller diameter (1.813 feet on model)

revolutions per second

time, seconds
mass density of eir

angle of attack of thrust line, degrees

- angle of yaw, degrees

angle of sideslip, degrees; £ = «¥ 1in this report

angle of roll, degrees, measured from horizontal;
positive when right wing is low
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yawing velocity, degrees per second; positive when

the ncse 1s moving to the right

rolling velocity o@/0t, radians per second (except
as noted); positive when the airplane is rotating

clockwise when viewed from the rear

angle of wing incidence with respect to thrust line,
degrees; positive when the trailing edge is down

angle of stabllizer with respesct to thrust line,
degrees; positive when treiling edge is down

control-surface deflection, cegrees

regr-propeller-blade angle et 0,75 radius

effective dihedral angle, degrees (CL
W

accurate for all plan forms)

Subscripts:

a

5]

e

caused by the model support strut.

aileron (ar, a; vright and left aileron)
elevator
rudder

flap

divided

by 0.0002, a good spproximstion but not strictly

denotes partial derivetives of e coefficient with

respect to angle of yaw (example: Cy =

inboard

ocutboard

5
Y

Corrections.- All data have been corrected for tares

tions have been applied to the angles of attack,

coefficients,
cients.

Jet-boundary correc-

the drag

and the tall-on pitching-moment coeffi-
The corrections were computed as follows:



Aa 57.36W%CL (degrees)

5 et
ACph o Sy T O,
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5
M & -57.5(——_—6-31.;.:_— -8 \%—égm-c

where
Gig, jet=boundary correction factor at the wing
Op total Jet-boundary correction at the tail.

S model wing area (6.3l sq ft)

C tunnel cross-sectiongl area (69.59 sq ft)
C s it TR
éfﬁ chienge in pitchlng-moment coefficient per degree
blt chenge 1in stebilizer setting as determined in
tests

qvq, ratio of effective dynemic pressure over the hori-
zontal tell to free-stream dynamic pressure

All jet-boundary corrections were added to the test
data.

Test procedure.- Propeller calibrations were made
by measuring the resultant drag of the cleen model at 0°
angle of attack for a series of propeller speeds. Thrust
coefficients were determined from the relation

where Cp 1s the dreg' coefficient of the model with
propeller rgmovea, and CDR is the resultant dreg coef-

ficient with propeller operating. The results of the
calibration are presented in figure 13.

The thrust coefficient available at any 1ift coeffi-
cient i1s given on figure 1lli. These data were supplied by
the Curtiss~-Wright Corporsastion. Since constant power is




simulated, only one point on the curve will be for level
flight for a given model configur=ation. Lower values

of T.' will be for the e2irplane descending and higher
values will be for the girplane climbing. With the
original center section and rectanzular outer panels,
the wing area was increased and the coefficients were
based on the actual wing area. Since the relation
between T,' and G depends on the wing erea and wing

loading, certein assumptions about airplane welght had

to be made. One possibility 1s to assume that the wing
loading remained constant with the corresponding increase
in airplane gross weight., Another possibility is that
the airplane weight would remain constant with the corre=
sponding reduction in wing loeding. The case of constant
airplane weight 1s called "power A" while the case of
constent airplane wing loading is called “power B." The
engine power is l1ldentical for the two cases.

Most of the results of this report are presented
in two types of plots: first, the aerodynamic coeffi-
cients are plotted sgainst yew, end second, the lateral-
stebility derivatives zare plotted against lift coefficient.
Power-on yaw tests were made at a constent engle of attack
and propeller speed.. Since 1lift coefficient varies with
yaw, the vsrietion of T,' versus C; glven on fig-
ure 1ll} is strictly followed only et zero yaw. Lateral-
stability derivatives were obtained from pitch tests at
-5° and 5° yaw by assuming a straizht-line vsriation
between those points. Propeller speed for these tests
wes veried to follow T,' versus Cp given on figure 1L

in the same manner as for the pitch tests st zero yaw
given in reference 1. The large-symbol points on the
plots of lateral-stability derivatives were obtalned by
me asuring slopes from the yaw tests. The large-symbol
points are considered more sccurate than the small-symbol
points et the specific 11ft coefficient.

In the text and on the figures, the model configu-
retion is given as "cruising" or "landing." These condi-
tions except &8 noted are described as follows:

(&) Cruising confliguration:

All flaps retracted
Lending gear retracted
Cowl flaps closed
Slats retreacted




(a) Cruising configuration (continued):

: & o = 29
Propeller blade angles Bp = QO§ " ﬁR = 29§ 3

0
for the original wing, and BF = 25% ¥

s .
pR = 22% for all other wing plan forms.

(This change in blade angle was found to
have & negligible effect, reference 1.)

(b) Landing configuration:
Inboard flaps, 5f1 & B5O°
Outboard flaps, 6p = 50°

O

Landing gear extended

Cowl flaps, 25°

Outboard slat extended (the 1l3-inch portion
shown on fig. 1) 10 10

n e g a = s o —_ = =

Propeller blade angles LF 252, BR 222

When not stasted, the wing used will be the original wing.

Since the original and revised vertical tail have identical

plan forns and sections, the vertical teil is not always

stated. hen not given, the original dorsal fin wes used.

Stabilizer settings are given in the following table:

Cruising Landing
Wing conliguration |configuration

(deg) (deg)

Original 160 340

Swept-~beack -2.9 -2.0
Rectangular outer

panels -1l.2 L

Rectangular A ge =2 o5

No attempt was made to have the same stabillizer
setting beceauss stabilizer settings were set for the
longitudinal=-stability tests. The differences in sta-
bilizer setting is not believed to affect the lateral-
stability charscteristics, because of the system of axes
used in presenting the data.
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Computation of aileron and rudder control forces.-
Aileron control forces were computed from the followlng
formula:

which is based on the following information supplied by
the Curtiss-Wright Corporetion:

Wing loading, W/S = 39.4 pounds per squere foot
Total aileron movement, 30°

Total stick movement, L41.7°

Stick length, 29 inches to center of hand grip

The wing-tip helix angle was computed as follows:

é—\}'— Gl
P

: C

where p 1s the rolling velocity in radiens per second;
Cy is the demping in roll (0.408) obtained from refer-

ence 2. The factor of 0.8 is sn arbitrery value which
approximates the reduction in rolling velocity'due pri-
merily to adverse yaw et low speecs and wing twist at
high speeds determined from a number of flight tests of
conventional airplanes. For the tests a wire 0,007 inch
in dismeter was fixed at 10 percent of the wing chord

on the upper surface in an attempt to simulate full-scale
trsnsition conditions more closely.

Rudder-pedal forces were computed from the following
formula: : '
Ch
Fr:K..__r_
L

where K = 232l for the original tsil and K = 1193
for the revised teil which is based on the following
information supplied by the Curtiss-Wright Corporation:

Wing loading, W/S = 39.% gounds per squere foot
Total rudder movement, 60~
Total pedal movement, 30.6L°
Radius of pedel about center of rotation,
12 inches
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A refinement was made in the calculations for the
revised vertical tail by including a correction for strain-
gage deflection. Calibration of this deflection gave a

AD

value of 5—2 = -7.32 for the windmilling condition

» Ad
(g = 16+37) end a 5—3 = -}}.12 for the take-off power
s,
condition (g = 9.21). The result was subtracted from
the nominal rudder angle to get the corrected rudder
angle. The maximum correction was about 3°. This cor-
rection has been made to plots of Goon, galngd 0P C

but not to the data giving C, against V¥ because the
correction would very with ¥ for the latter case. The
strain gage for the alleron and originsl tsil was much
more rigid so that deflection was negligible.

n

DISCUSSION

Effect of wing plen form and power. (a) Small
eangles of vaw.- Figure 15 compares CYW’ an, end C;

]
of various wing plan forms for the range of power and
flep conditions. The variation of Cp,, end Cy 1s

4 W -y

much greater with flight conditions than with wing plan
form. C o varies from a maximum of about ~-0.0040 for
the lending configuration with teke-off power to a mini-
mum of -0,0005 for the cruislng configurstion with pro-
peller windmilling. Cy varies from about 0.04L0 for

n

the landing configuration with take-off power to about
0.008 for the cruising configuration with propeller
windmilling. CZW varies considerably with both plan

form end power. The vargetion is illustrated in table I.
(o}
Effective dihedrsl is 8% to 11% (@Lw = 0.0002 is

equivelent to 1° effective dlhedral e gl the cruising or
dive condition. These values may bz too large for
desirable flylng qualities. The original wing loses
effective dihedrel with increase in 1ift coefficlent

and flap deflectlion whereas the othier wing plan forms
gain in effective dihedral. All the wings lose effective
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dihedral when power is applied. 3ince the effective
dihedral in any given flight condition may be changed by
changing the geometric dihedral, the relative merit of
the verious plan forms can probably best be judged by

the bottom line of the teble. This line gives the change
in effective dihedrel from the dive or crulsing condi-
tion to the most adverse condition, landing configuration
with a teke-off power at a high (;. A small or zero

change in effective dihedral is desirable. .The least

0
chenge occurs with the rectangular wing,~6%~, eand the

o)
greatest change occurs with the original wing, -21% ;

with the swept-back and rectangulsr outer panels lying
in between —9%0, -10°., The effective dihedral of the

model with the swept-back outer penels decreases sharply
near meximum 1ift (fig. 15(a)). This fact lndicates
that the leading wing tip is probably stalllng first.
There is a lerge varistion in stalling characteristics
of the different wing plan forms, but this subject has
been discussed in reference 1.

The increment in the lateral-stability derivatlves
csused by power have been isolsted on figure 16 by sub-
tracting the windmilling values of figures 15(a) and
15(c) from the power-on values of figures 15(b) and 15(d).
The subtraction for Tigure 16(a) wes performed with
values taken at the same angle of attack while the sub-
traction for figure 16(b) was performed with values taken
gt the same 1ift coefficient, Since the results on
figure 16 represent failrly small differences of large
values, most of the scatter between various wing plan
forms may be considered to be experimentel error.

The increase in C "with power can be primarily
Yy

explalned as follows: A yawed propsller produces a con-
siderable side force. The magnitude cf this side force
incresses markedly with T.', and hemce with Cp for
the power-on condition. The lateral force produced by
the vertical tail increases with T,' because of the
greater dynamic pressure retio in the slipstream as T;'
is increased. The lateral force of the fuselage probably
also increases with T,' &s a result of being in the
slipstream., Oppossd to the increase in CYW with' .7
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is the fact thet sidewash resulting from propeller opera-
tion decreases the angle of attack of the vertical tail
and fuselage.

Directional stability also increases with C;, when

power is on. This fact indicates that the increased
vertical-tail load due to the slipstream times its moment
arm about the center of gravity produces the largest
yawing moments. The increase of the propeller side force
times its moment arm and the change in fuselage moment
are the lesser effects. ;

- The varistion in CLU with plen form and flap

deflection is i1llustrated in refersznce 3. The reason for
the loss in effective dihedrel with increase in Dy* . ccan
be primerily explained as follows: When an 2irplane is
yawed, the slipstream tends to follow the relative wind
lying somewhere between the longitudinel axis and the
wind axis. The treiling side of the wing receives more
slipstream than the leading side, thus causing a greater
increase in 1lift on the trailing side than on the leading
side. This effect is destabilizing since it is opposite
to the rolling moment produced by positive dihedral.

The increase in C;, due to the propeller force and

the slipstream over the wing is shown in figure 16(a).
The velue of ACZW on figure 16 varies considerably

with change of wing. Since the rectangular wing has the
least arca in the slipstream, recduction in effective
dihedral due to power may be expected to be smallest for
this cese which is borne out to a large extent by the
results, As gll ths other wings had the same center
section, the difference shown between them is largely
unexplalned. Some of the difference may be attributed
to the difference in spen-load distribution across the
center section with the various outboard panels.

(b) Large angles of yaw.- In addition to giving
slopes shown by the Targe. symbols in previous figures,
figures 17 and 18 show the effect of larze angles of yaw
on the aerodynamic characteristics. Characteristics of
the model in yaw with teil off are shown in figure 19
and 20. Where the power effect. is smell (the wind-
milling condition and the low lift-coefficient condition
with take=-off power) CYW and an with tail on continue
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to large angles of yaw with little change. CZW reduces
markedly at large angles of yaw. Since C; never reverses
sign at large angles of yaw, the change in slope is
believed to be of little lmportance. Displacement of

the Cp curves, one from another, is caused chiefly

by the different stabilizer settings and wing meen aero-
dynamic chord posltions. CDR decreases with angle of

yaw as a result of the system of exis used. While Cy
along the axis used reduces with yaw, CDR along the

wind axls actually increases with yvaw ag would be expected.
Cr, does not chenge much with yaw, When the power effect
is lerge (take-off power at a high Cp) the same trends

are shown except as follows: With tail on Cp, decreases

considerably with yaw in the cruising configuration

(fig. 17(d)) and changes sharply for the landlng configu-

ration, becoming quite highly positive beyond =20 5P

yvaw (fig. 18(b)). This sharp change in an probably .

occurs when the tall leaves the slipstream. With tail
off and power on, an is highly positive (fig. 20(b))

but becomes highly negstive at small yaw sngles when the
tail is added (fig. l%(b)) indiceting a large effect of
the tall when in the slipstream. 7‘hen the tall leaves
the slipstream, its effectiveness decreases considerably
so that the high positive Cp  of the tail-off curve
predominates. %

(Although believed to have only a small effect on
the results, the following information is given for com-
pleteness. On figures 17 and 18 the original dersal fin
was used with the original wing and dorsal Dy was used
for all other plan forms. On figures 17, 18, 19, and 20
the leading-edge slot was open to the fold line for the
original wing, but only the outboard portion (1% inches
on model) was open for the other plan forms.)

Effect of upturned wing tips.~ The varietion of the
lateral-sTabilitfy derivatives with C is shown on fig-
ure 21, The dates (7-30-43 and 9-2?-&5) arc the dates
of testing. There ere only slight changes in CYW and 3

an with take-off power due to the upturned wing tips;

however, the upturned wing tips cause a considerably
less stable an with windmilling power. Although there 2



is poor agresment betwesen Clw obtained from pitch tests

made at 15° yaw and yew tests (indicated by the large
symbols), the increment in effective dihedral ceaused by
the upturned wing tips for propeller windmilling is about
2.6° effective dihedrsl. For take-off power, however,
even the increment is in poor agreement. The curves com-
pared on figure 21 were obtained from data taken about

2 months apart with several model changes being made in
the mearitime; therefore, the data indicated by the large
dismond and square of the same dats are considered much
more accurate. These points were o?gained from figure 22
and indicate an increase of about 52- in effective dihedral

due to upturned wing tips with take-off power. It may be
concluded that, for the landing configuration, the upturned
wing tips_maXCbe expected to incresse the effective dihe-

dral about 2§ for the windmilling condition (Cp, = 1.6)

and about 5%9 to 5° for the take~off power condition
(CL z2|7).

Effect of outboard flap modification.~ The effect
of skewing the outboard flap end removing the outboard
flap is shown in figures 23, 2, end 25. As a convenience
in testing, some of the tests were made with the teil and
some without.

Table II has been prepered to correlate and summarize
the effective . dihedral results. The values of Pe are
obtained from slopes measured from figures 23 and 2l;. The
values of Pe with the asterisk (i) were obtained by
adding or subtracting the contribution of the tail which
was found by comparing figures 18 and 20 to be about 1°
of- Ty for the windmilling condition and L° of Ty for
the take-off power conditions at the angles of attack
corresponding to the yaw tests., Skewing the flap from
the original position of ~1l.5% to 0.7° gives a consid-
erable improvement in effective dihedral while further
skew to 11.3° gave no further improvement. Removing
the flap entirely gave the most improvement; however,
these modifications reduce CL“ as reported in refer-

max
ence 1. Figure 25 shows that skewing the outboard flap
reduces the veriation of effective dihedral with Cr,
similar to effect of sweeping the outbosrd wing panel
back as previously discussed. Adding the tsil to the

case of Af = 0.7 with take-off power would raise the
. ;




16

curve about }° effective dihedral at the higher 1ift
coefficients. Pigure 2% shows thst there 1s no meas-
urable effect of changing the flap gap. Opening the

slats incressed the effective dihedral sbout 3.[0 (fig. 24

and table II).

Effect of canopy opening.- Opening the canopy is
shown to have no measurable effect on the varlation of
Cp Wwith V¥ between t10° VY (fig. 26). The difference
in Cp at ¥15° is not believed to indicate any dangerous
tendency.

Aileron control.- The results of the tests of the
left dileron ere shown in figure 27. A transition wire
0.007 inch in diameter was placed on the upper surface
of the wing at the 1lO0-percent-chord station in an attempt
to duplicate full-scale transition conditions more
closely. The variation of wing-tip helix angle pb/2V
with stick force wes computed for flgure 23(a) for both
ailerons. The results are reduced by multiplying by 0.8
to approximete the reduction in rb/2V  due primsrily
to adverse yaw and wing twlst as previously mentioned,.
To check the validity of the 0.8 fector-at & low speed
with fleps down where adverse yaw is greatest, a theo-
retical time history of the motion following an abrupt
full aileron deflection (£15°) weas computed using a
refinement of the step-by-step computation given in
reference L. The refinement was to use the slopes at
the angle of sideslip under consideration instead of a
single value of slope measured at zero sideslip. The
results of the computation are given in figure 28(b).
The model with the swept-back outer wing penels was
chosen for the computation, because of the closer simu-
lation of the airplane. The speed chosen was 9l.i miles
per hour which 1s 120 percent of the minimum speed.

The maximum pb/2V at sbout 1 second is 0,082. To
obtain 0.082, Cz/Czp would have to be multiplied by

0.86 instead of the usual factor of 0.8. The average
pb/2V for a 90° bank, where sideslip reaches a maximum,
is only 0.067. To obtain 0.067, €;/C;_ would have to

o jo)

be multiplied by 0.70 instead of 0.8. As the speed
increases this factor for = 900 bank would increase until
at high speed the factor would be reduced by wing twist.

The Navy requirement F-8 and F=9 of reference 5
states in brief thet a pb/2V of 0,08 is required at
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any speed between 1,0 percent of stalling speed and

80 percent of maximum speed with & control force not
exceeding 30 pounds. As shown, ths average effective-
ness is too low at 10 percent of minimum speed, although
the maximum rate of roll meets the requirement (fig. 28&(b)),
in the landing configuration and the control force is too
high at 80 percent of maximum speed. The ailerons meet
the requirement at the cruising spced of 220 mlles per
hour.

Rudder-free characteristics.- Preliminsry tests
showed that a reversal of yawing moment would occur, and
hence a reversal of rudder force, for the crulsing con-
figuration with teake-off power at ¢ high a (fig. 29(a))
and for the landing ccenfiguration with windmilling or
teke-off power (figs, 29(b) and 29(c)). While the reversal
oceurs earlier for the windmilling condition, it was more
severe for the tske-off power condition. Most of the
dorsal fins were therefore tested in the landing configu-
ration with take-off power. The addition of the dorsal
fins delays the reversal of yawing moments about as fol-_,
lows: original dorsal, 3°; dorsal Dy, 9°; dorsal Dy, lhg .

These values can be obtained from figure 29(c¢c) by the
proper addition and subtractilon. :

It was thought that a revised vertical tail of the
same plan form and area having a smaller chord rudder
might prove better because when the tall stalls a smsller
portion of the area would be deflected so that a greater
restoring moment in yaw would result. DBecause of the
dual=rotating propeller, the directional control supplied
by a smaller chord rudder should be sufficient. For the
windmilling condition, the revised verticsl tall alone
eliminated the reversal of yawing moments (fig. 29(b)).
For the lsnding configuration with take-off power, the
revised vertical ftall deleays the reversal of yawing
moments about 5%- Y beyond that for the original tail

when results with the same dorsal fin are compared
(fig. 29(c)).

Rudder tests.- The test data of the originel teil
are shown in rigure 30 and the revised teil in figures 31,
32, and 33. Certain flying qualities computed from these
figures are presented on figures 3l., 35, 36, and 37. The
rudder-free figure (fig. 29(b)) was also used to help
determine where rudder-force reversal occurred on the
original tail for figure 35.
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The take-off power rudder calculations were made
for a Cp, = 1.74, although the teke-off power rudder
test data were taken at a Cp = 2.77 (fig. 33). T,' was
therefore higher for the test than it would be for the
flight conditions computed. The calculations were made
in this manner so that a better comparison could be made
with the windmilling condition at 1.2 times the power-
of f minimum speed. For the take~cif power results on
figures 35 and 37, an interpolation was made between the
windmilling condition (fig. 32) and the teke-off power
condition given on figure 33 for the T,' difference.

In the cruising configurétioz, the revised tail
o)
could hold ll% of sideslip; however, at high speed this

value of sideslip would be reduced considerably because

of high pedal forces (fig. 34). 1In the landing configu-
ration, the revised teil can hold 10~ of sideslip for
windmilling power and 12° for take~off power at 9Ll miles
per hour, which is about 1.2 times the minimum speed.

For a maximum pedal force of 180 pounds as specified in

o
reference 5, only 8% of sideslip could be held with

teke-off power. The originel tail holds 2L° of sideslip
or 2.l times the value for the revised tail; however, a
rudder-force reversal occurs at 169 sideslip which vio-
lates requirement E-3 of reference 5., The revised tail
could be improved by increasing the overhanging balance.
The original teall could be improved by increasing the
dorsal-fin size and possibly reducing the deflection
range.

Since there sre no asymmetric yawing moments to trim
with the duel-rotsting propeller, the most severe require-
ment for the rudder is probsably for neutralizing the
adverse yaw of the allerons. Rudder control for spin
recovery may be the most severe rulder requirement. Spin-
recovery tests are to be made in the NACA spin tunnel.

The meaximum adverse yaw of the ailerons weas determined
by adding the test C, for the silerons as given on
figure 27 to the €, due to rolling computed from the
method given in reference 6, These estimates were placed
on figures 36 and 37. Zither verticel tail can easily
neutralize the aileron adverse yswing moment.
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CONCLUS IONS:

The following conclusions may be drawn as to the
lateral stability. and co ntro¢ of the: XBT C-2-airplane.

e Wlng plan Iorm hgd a pronn“nced Effect ‘on ke
variation of effective dihedral with 1ift coefficient
and flap deflection. Wing. plan form had 11ttle effect
on dlrvctlonal stebility or ldterc; force.

24 The appliestlion of power, partlcularly at high
1lift coefficients, decreesed the effective dihedral
but increased the directional stahility.and'lateral force.

3. With the upturn€d wing tl‘S fo” the windmilling

condition (CL = 1.6), the effective dihedrsl was
increased about E%Q,and with take-off power. (Cr. ® 235 7),

O
about 3% to 5°.

li. For the lending confi gardflon, glv1nb sweepback
to the outboard flap or removing the outboard flap reduced
the change in effective dihedral with 1ift coefficient
but rpuuced the maximum 1ift coefficient.obtainable.

5e Alleron effectiveness was marginal for the
landing conilgu“aulon and aileron «oncvol force was too
high at high speed.

6. The rudder-force reversal was improved consider-
ably by increasing the dorsal-fin size and elso by
recducing the rudder chord while maintaining the same
vertical-tail area,

T. Aileron yew1ng moments, tlie only asymmetric
yawing moments occurring in normal flight with a dual-
rotating propeller, were easlly neutralized by the
Rudder,

8. Rudder control for spin recovery may be the most
severe rudder requirement. It is recommenced that the
narrow~-chord rudder be checked for spin recovery as well
83 the larger rudder.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., August 18, 19l
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TABLE I.- EFFESCT OF WING PLAN FORM ON EFFECTIVE DIHEDRAL

Swept | Rectengular .
Hlieht condition Original | back outer panels | Rectangular
(deg) | (deg) (deg) (deg)
1 | Cruising configuration 1 4 7
windmilling or power on, 8§ 9= 10 115
low Cp =
2 | Landing configuration 1
windmilling, high Cp Ly 12 1&5 17
3 | Landing configuretion
take-of'f power, high Cy, ~-13 0 0 5
1 ) T
Li3z -1 -?_lé- -9‘2- -10 ~6?-_-
NOTE: Table made from large symbols on figure 15.

NATIONAL ADVISCRY
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TABLE II.- EFFECT OF OUI'BOARD FLAP MODIFICATION

ON EFFECTIVZ DIHEDRAL

Coriginal plan form, landing configuration]

g r‘e Pe
Outboard flap Power Cr, a tail tall
condition = (deg) on of f
(deg) [(deg)
= <1l.5° Windmilling|{1.67| 9.2| L 38
© (original)
0. 7Y (both | eatedon-sim 1551 8o 200 Al aa e
© gaps)
Afo ST Sttt Lalingr Mo i Bl el
Flasp up ~ e S G i 1,261 I8 aaus%l e
e = =1l,5° Teke-off 2.85 | 10,6 |-13 17
Uil opl gingl )
Ao e R ST T 2571 10. 10 6 T
© gaps) |
Flep up  Eats (o Lo 24209, B0 .5al0e bt ol =BeE s
El D ([ By Slot| »~e~domm=ana 2,22 $1 30,5 6800, Su1pdg®

closed)

8. o) - - v > » °
Estimated from average effects of tail on TI_.

e

NOTE: For the cruising configurstion with tail on at a
I, = 8.5°, powsr on or windmilling.

low CL’

I\T

A}
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OUTLINE OF FIGURES ON %ﬂSCALE MODEL OF XBTC-2 AIRPLANE

Fig. No.
A. Model
Criginal model (complete) L& SHER . HEETSE S i
EOWLol 1aps | o v e o v % AUATRETE . 2
Al.z.elf‘on dbtallo . . . - . . ° ° . .
Outer wing panels swept bcck o e . |
Rectangular outer wing panels . . . . o)
Reatall@gular WiHE . + & ‘s R DS | ; 6
Wing witlh upturned tips 5 TR TR, T8 o 'd
VWing with skewed flapa . » Bl oifh. b 0= 8
Canopy oreninc o ke e e eSS 9
Dorgiaili i U U e R ‘ 10
Original cAnd ”ev1aed vertical tails Ll
ERNE a0 BXEE oy o v e e 4w avt RREE CERT RS 12
C. Power operetion
Propeliler callihraliion . o suail et e 15
Tc' versus CL . . . . . . . . . . o . . . lh

D. Effect of wing plan form

Lateral-stability derivatives,
CLW’ Cn‘l,’ CYW . . . . ° . - . . . . . 15

Effect of power on CLW’ an, Sy w0 16

\j
Yaw tests:
Crulsing configuration, tellidan  Si& I8 & 1
Landing configuretion, tall om . « § 4 . E
Crulsling conf iguration, CeRINEERT SR 19
Landing -econf iguration, teall ofE S8l S8 5 20

E. Bffect of upturned wing tips

Lateralwgtabllity derivativeg la wils 5 o 4 2)
DBV OB " . 5 e s v e s b W U R e

F. Bffect of outboard flap modificstions

Wew teat. (shkewed £1aps) '+ » Siis bl 18 8 o @
Yew test (flep end slat modifications) . , -2
Alfoctive dibedral ", . . = LSS TEE T . 25



OUTLINE OF FIGURES - Continued

Fig. No,
G. Effect of cenopy opening in yaw « . . d 26
H. Alleron control
Alleron deflectlonm o o LGSR g o7
Aileron Flylng qualities bl . A 28
[N RUdder control
Rudder free (yew tests) « s N0 SSE 1 29
Rudder deflection (yew tests):
Original wverticael tall s & & . b e 30
Revised vertical tail:
Cruising configuration windmilling . 5
Landing configuration windmilling . . 5
Landing configuration take-off power . 2%
Rudder flying qualities
In sideslip:
Cruising configuration . . . e o gl
Landing configuration « » « . AT o5
Neutralizing aileron Cht
Cruising configuration . ., . gl 2t
Lending configuration . . . - 5%
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Figure 1(b).- The é—scale model of the XBTC-2 airplane in the LMAL 7- by 10-foot tunnel.

Landing configuration.
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- Side view of §-scale mode/ of XBTC-Z anplre showing cowl rlp detasls.
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Figure 3-Diagrom showing aileron of XBTC-2 model fested with flaps neutral
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Figure 4-Left wing panel of //g-scole model of XBTC-2 airplane
showing Swep?-bacK outer panel modification.
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Figure 5(b).-

The

8

scale model of the XBTC-2 airplane with rectangular outer wing panels.
Cruising configuration. Tail off.
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Fiqure 6@~ | eft wiN

ponel of /a-scale model of

XBTCZ2 airplane with rectangular planform.
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Figure 60~ Letas/s of slotted rjap for /8-Scale mode/ of the XBTC-2 airplane.Rectangular wing,




Figure 6(c).-

The

8

scale model of the XBTC-2 airplane with rectangular wing. Cruising
configuration. Take=-off.
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Figure Ta)-Lert wing panel of f-5cake model of ABTC-2 arplane Showing
upturned wing tip.




Figure 7(b).-

The é—- scale model of the XBTC=-2 airplane with upturned wing tips.

Landing configuration.
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‘ Figure 11(b).-

The 81" scale model of the XBTC-2 airplane with the revised vertical tail and

dorsal fin, Dy. Landing configuration.
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Figure 12 -Notation of the system of axes
and the control-surface hinge moments and
deflections. (Arrows indicate positive values.)
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