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MEMORANDUM REPORT

for the
Army Air Forces, Materiel Command
STABILITY AND COﬁTROL TEST3 OF A 3/l;-SCALE MODEL OF
THE XP-59 AIRPLANE IN THE NACA FULL-SCALE TUNKNEL
By Harold H. Sweberg
INTRODUCTION

At the request of the Army Alr Forces, Materiel Command,
tests have been made in the NACA full-scale tunnél to deter-
mine the longitudinal- and lateral-stability and control
characteristics of a 3%/lj-scale model of the XP-69 airplane.
The XP-69 alrplane is a single-engine, low-wing monoplane
with dual-rotating propellers. Engine cooling is obtalned
by means of a rear-underslung ducting system. Inasmuch as
stabllity data on.airplanes equipped with dual-rotating pro-
pellers are meager, the effects of propeller operation on
the stability and control characteristics of this airplane
are of particular Iinterest.

The data include measurements of the forces and moments
on the model at various angles of attack and angleé of yaw.
These measurements were made with the propellers reroved and
operating and with the landing flaps retracted and deflected.
The effects of elevator, rudder, and aileron deflection on
control-surface effectiveness and on hinge moments were

determined. The general nature ol the slipstream behind




-2 -

dual~rotating propellers was investigated by surveys of the

velocity and direction of the air flow in the region of the

teil plane with the propellers removed and operating.

SYMBOLS
drag coefficient Q519
resultant drag coefficient witn propellers operat1n0<:oé>
lateral-force cosfficient <T-§)
o)
N\

1ift coefficient L }
QOS/

rolling-moment coefficient ( Lm'\
QODb/

pitching-moment coeflicient _M_;)
doSp

yvawing-moment coefficient <'NG )
Ao y/

elevator hings-noment coefficient
QOS Ce

rudder hinge-moment coefficient (%——2——)
QoSrlr

. . ne e H
aileron hinge-noment coefficient (}—:ﬁ;—
QowaCa

force along X axis, positive when directed backward

force along Y axis, positive when directed to right

force along Z axls, positive when directed upward

rolling moment about X axis, nositive when it tends to
depress ths right wing

pitching moment about Y axis, positive when it tends

to cdenress the tail
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yawing moment about the Z axis, positive when it tends

to retard the right wing
elevator hinge moment, positive downward
rudder hinge moment, positive toward left
aileron hinge mcment, positive downward
free~stream dyneamlc pressure (%pvo%)
mass density of air
free-stream velocity
ﬂean aerodynamic chord
wing span
elevafor area aft of hinge
rudder area aift of hinge
aileron area aft of hinge
root mean square elevator chord
root mean square rudder chord

root mean square aileron chord

effective thrust coefficient (éffective ghrust

V202

power coefficient (englne power)

pn3D5

effective thrust coefficient

effective thrust

c pnaD”
propeller efficiency'<ﬁg V/né)

propeller advance-dlameter ratio
propeller rotational speed

blade angle of front propeller
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blade angle of rear propeller f
propeller diameter
chord of wing directly behind propeller
span of that part of wing immersed in the slipstream
increment of 1lift coefficilent due to propeller cperation
increment of 1ift coefficient due to propeller thrust
force
increment of 1ift coefficient due to normal force on

strcam

©
[
=

a propeller inclined to the
increment of 1ift coefficient due to the passage of the
slipstrean over wing
increment of pitching-moment coefficient due to
propeller operation
increment of pitching-moment coefficient due to pro-
peller thrust force .
increment of pitching-moment coefficient due to normal
force on a propeller inclined to the alr stream
increment of pitching-moment coefficient due to passage
of slipstream over the wing
pltching-moment coefficient due to the horizontal tail
surfeace
angle of attack of thrust axis, degrees
angle of vaw, degrees; positive when left wing moves

forward »
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angle of stabilizér setting with respect to the
thrust axis, degrees: positive with trailing edge
down

elevator deflection (with respect to stabilizer chord)
degrees; positive when trailing edge of elevator is
moved down

rudder deflection, degrees; positive when trailing
edge of rudder 1is moved to left

alleron deflection, degrees; positive when trailing
edge of aileron is moved down (subscript L denotes
left ailleron)

flap deflection, degrees

elevator tab deflsction, degrees

rudder tab deflection, degrees

ailleron tab deflection, degrees

total deflection of both allerons, degrees

local downwash angle at taill measured relative to
free-stream direction, degrees

average downwash angle across elevator hinge line
as found from air-flow surveys, degrees

propeller downwash angle at wing center of pressure,
degrees

local dynamic pressure (%pV%}

local velocity
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(q/qo)av average dynamic-pressure ratio across elevator

hinge line as found from air-flow surveys

8 velocity increment factor back of propeller disk
84 lift-curve slope for infinite aspect ratio

cy section 1ift coefficient

P rolling velocity, radians per second

empirical factor used in formula for increase in
lift of wing due to slipstreanm velocity
DESCRIPTION CF !MODEL
A summary of pertinent characteristics of the full-scale
version of the XP-69 airplane is given below:

Gross weight, 1b . . . « « . « + « v v « « « « .« « o 18,000
Engine - Wright Aeronautical Corp. . . « « « « « . R- 21460- )
Normal rating - 2300 bhp at ;200 rpm, sea level

to 35,000 £t altitude
Milwtary rating - 2500 bhp at L£00 rpm, sea level to

55,000 't altitude
Propellers - two three-blade, dual-rotating
Wing area, sq £t . ¢ ¢« v ¢ ¢« ¢« v v« v 4« s e e« s« « » 505
Wing span, £ .+ ¢ ¢ v ¢ v 0 v v et e e e e e e e e e
Mean aerodynamic chord, £t . . . +« + « « « « « « . . . 10,3
Airfoil section: '

Inboard « + v &« & « & 4 .+« s e e« « « o MNACA 662-11l

outboard « + « v « + + 4« « ¢ 4 « « « « « « . NACA 662-213

Aspect ratio « « ¢ v v v v 0 v e e e e e e e e 5.%2
Angle of incidence, relative to thrust line . 1° h§ 751
Washout .« « « & o « « « . . e e e e e e e e 20 301
Aileron area, aft of hinge 11ne, sq £t (total) . . . . 35.6
Horizontal tail area, sq Crt (total) . . « + « & « + o . 102
Stabilizer arsa, s £t ¢« v v v v v v v e 4 e 4 e . . . 61.2
Elevator area (including balance - 22 percent

elevator area), sq ft . . . Y STO I
Vertical tail area, sq ft (total) S 11 I
Fin area, sq ft . . . . e e e e e e . 274

Rudder ares (including balance - 16 percent
rudder area), S I't o v v « v 4 o o o o s e 4+ o« . 22.3
Flap area, sq £t (total) v o « v v « ¢« v « « « + « « « 66,6
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A three-view drawing showing the important dimensions of»
the 5/h—séale model of the XP-69 airplane is given in fig-
ure 1, The outer surfaces of the model were constructed
of sheet aluminum which was covered with a plastic filler
and sanded to a smooth finish before the tests were made.

Two 1l0-foot-diameter dual-rotating propellers of fixed-
piteh construction were used to simulate the full-scale
airplane pereller unit,. Power was suppllied to the propel-
lers by two 25-horsepower electric motors installed in the
fuselage. The front motor was directly connected to the
front propeller, while the resr motor drove the rear pro-
peller through chains and & countershaft. The motor frames
were supported in a cradle so thet they were free to rotate -
ebout their axes and were restrained from rotating by means
of helical springs connected to the supporting frame. The
angular deflection of the motor frame served as a measure of
the motor torque.

Balanced, slotted flaps were used as a high-lift device.
When deflected, the fiaps moved to the rear and down and
means were provided for several flap-angle adjustments
ranging from 5° to 1,0°,

Both the ailerons and the elevators were of the sealed

hinge-type construction. The
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control surfaces were statically balanced by means of lead
weights placed forward of the hinge lines. All of the con-
trol surfaces were equipped with balancing tabs which could
be adjusted to give various ratios of tab deflection to con-
trol surface deflection.
METHODS AND TESTS

Pigure 2 shows the 3%/li-scale model of the XP-69 airplane
mocunted in the NACA full-scale tunnel (reference 1). The
methods by which the data were corrected for jet-boundary
and blocking effects are discussed in references 2 and 3.

Tests with propellers removed were made through a range
of angles of attack and tunnel airs?eeds to determine scale
effect on the model. In order to determine the stabillzer
angle for trim at the dive 1lift coefficient, € = 0.085,
tests were made at two stabilizer settings with the propel-
lers removed. The results of these tests are shown in fig-
ure 3. The stabilizer setting, 1.60, determined from these
tests was maintained for most of the following tests.

The aerodynamic characteristics of the dual-rotating

propellers were determined previously in the NACA propeller-

research tunn=l (reference l). The propellers as installed
on the XP-69 riodel are shown in figures 2 and L. A few cal-

culations showed that at a propeller blade angle of about

o -3 . .
28% very 1ittle error was introduced by operating at constant




-9 -

blade angle to simulate the full-scale constant-speed pro-
peller. In order that the rear propeller absorb the same
emount of power at the peak efficlency condition as the
front propeller, the blade angle of the rear propeller was
set at 27.70 with a blade-angle setting of 28° for the front
propeller. The necessity for this difference in blade
angle can be explained by the fact that the front propeller
introduces a rotational component to the slipstream which
increases the angle of attack of the rear propeller. It

is then necessary to reduce the blade angle of the rear pro-
peller to offset this increased angle of attack (reference l).
The aerodynamic characteristics of the dual-rotating pro-
pellers on the XP~69 model at about zero 1ift coefficient are
shown in figure 5. These results and the results of ref-
erence li are in close agreement.

The chart of T, against Cp Tfor the power-on tests
was furnished by the Republic Aviation Corporation and is
given in figure 6 for = operation at sea level and at
35,000 feet altitude. for the idling-power condition, a
value of Tg = 0.045 at Cp, = 1.7 was furnlshed and this
thrust coefficient was used throughout the 1li1ft range to
simulate the idling-power condition.

The values of thrust coefficlient used to simulate the

flight attitude of the yawed model were chosen to be the
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seme as those of the unyawed model. - Since the 1lift coeffi-
cient decreases with increasing vaw angle, this procedure does
not reproduce exactly the airplane-propeller conditions at
large angles of yaw. For the vaw angle range tested

(¢ = *¥15°), however, this method probatly does not introduce
any serious errors.

Tests were made with the horizontael tail removed and
attached, in each case with the prepellers removed and operating.
Each condition included tests with the landing flaps re-
tracted and deflected. The landing gear wes removed for all
of the teste. Measurements were also taken of the elevator
contrecl effectivenes: and hinge moments at several angles of
attack. The eflects of elevator tab position on the hinge
moments and on the pitching moments vwere determined. The
elevator hinge moments were measured by means of a calibrated
torque rod, the deflection of which was indicated by Selsyn
motors located in the fuselsge and in the test house.

All the tests with the model yawed were made with the
horizontal and the vertical tail surfaces asttached to the
model and with the propellers operating. The model atti-
tudes for each sngle of yaw included Ligh speed, climbing,
and landing. viith the model in the high-gpeed and climbing
attitudes, the measurements were made &t thrust coefficlents

.
1

approximately simulating the full- and half-rated power
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conditions at sea level. With the model in the landing
attitude, the measurements were nade with the landing flaps
deflected AOO at thrust coefficients approximately simu-
lating the idling and half-rated power (approach attitude)
conditions at sea level. For each power condition and
model attitude, measurements were made of the rudder control
effectiveness and hinge moments.

The method for measuring the rudder hinge moments was
gimilar to that used for measuring the elevator hinge
moments. Some tests were nade to determine the effect of
tab position on the rudder hinge moments and yawing moments.
The effects of vaw angle on the elevator control effective-
ness and hinge noments have also been determined. The model
is shown yawed 15.1% in the full-scale tunnel in figure 7.

The tests to determine the aileron control effective-
ness and hinge moments were made with only the left alleron
deflected. All these tests were made with the propellers
removed. The aileron hinge moments were measured by means
of a cantilever beam equipped with a strain gage for indi-
cating 1lts deflection. The aileron angles were measured
by recording the change 1ln resistance of a rheostat which
varied according to the movement of the aileron controls.
The tests were made with the model in the yawed and unyawed

conditions at several angles of attack. The effects on
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aileron control effectiveness and hinge moments of installing
cannons (fig. 8) and gasoline tanks (fig. 9) on the wing of
the model have been determined. Tests were also made to de-
termine the effect of tab position on the aileron hinge moments
and rolliﬁg moments.

Surveys were made of the veloclty and direction of the
alr flow in the region of the tall plane. for these tests,
the horizontal and the vertical tail surfaces were removed
from the model (fig. 10). The surveys were made with pro-
pellers removed and operating and for both cases included the
conditions for flaps retracted and flaps deflected [0°. A
complete description of the apparatus used for the surveys
is given in reference 5.

RESULTS AND DISCUSSION

The results of the tests have been analyzed and are
presented in three parts. The first part deals with the
results of the tests to determine the longitudinal-stability
characteristics of the model and includes measurements with
the tail surfaces removed and attached and with the pro-
pellers removed and operating. The contributions of the
horizontal tail surface, the wing-fuselage corbination, and
the propellers to longitudinal stability are discussed in
this section. The second part deals with the lateral char-

acteristics of the model and includes both the yawing- and
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rolling-stability dsata. The results of the alr-~flow sur-
veys are discussed in the third part.

The results of the tests are presented by means of
the standard NACA coefficientg of forces and moments. All
of the moments have been taken about the center-of-gravity
position indicated in figure 1. The data are referred to
the stability axes. The X axis 1s the intersection of the
plane of symmetry of the alrplane with a plane perpendicular
to the plane of syrmetry and parallel with the relative wind
direction; the Y axis is perpendicular to the plane of sym-
metry; and the Z axls is in the plane of symmetry and per-
pendicular to the X axis.

Longlitudinal Stability, Control, and Trim

Tail-removed tests. ~ The results of the teats with the

propellers and the horizontal and vertical taill surfaces
removed are shown in figure 11l. The slopes of the curves

Fal

of Cp ;éainst‘ C;, (fig. 11) indicate only a slight degree
oi' longitudinal instabiiity for the tail-removed condition.

This is explained by the fact that the center of gravity is

located fairly well forward on this moCel (25 percent M.A.C.).
With flaps retracted, the locstion of the neutral point of
the model without the tail was measured to be about 0.0253
ahead of the center of gravity. A slight decrease of

longitudinal instability, resulting from the rearward shift

of the center of pressure with flep deflection, was obtained.
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when the flaps were deflected L0 (fig. 11).  The locatlon
of the nesutral point of the model without the tall for the
flaps-deflected condition was about 0.003c ehead of the
center of gravity.

The effects of propeller operation on the aerodynamic
characteristics of the model without the tail are shown in
figures 12 and 13 for the model with flaps retracted and
with flaps deflected hOO, respectively. For the model with
flaps retracted (fig. 12), propeiler operation was desta-
bilizing, although the decrease in stebility was not a direct
function of the amount of power applied. The destabilizing
effect of propeller operation on the médel without the tail,
flaps retracted, nay be attributed to the direct effect of
the propeller forces vhich are destabllizing for all positive
angles of attack. With flaps deflected AOO, propeller opcra-
tion was destabilizing when idling power wes applied; with
half-rated powsr applied, however, propeller operagion was
stabilizing. This condition results from the fact that the
large negative pitching moment resulting from flap deflection
is increased with increased slipstream velocity over the wing.
Since, for constant power operation, the thrust and there-
fore the slipstream velocity increases with 1ift coefricient,
the increase in negative pitching moment will be greatest in

the high-1if't rang=.
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The change in pitching rioment due tolpropeller operation
for the model withouzﬁiail mey be determnined from considera-~
tions of the direct effect of the propeller forces snd of
the slipstream effect on the wing pitching moments. It is
of Intcrest to compare the effects of propeller operation
on pitching moments as calculated from these considerations
with the experimental values. The total change of pitching-
moment coefficient of the model withoué?%iil may be calcu-~

lated {rom the following equation:

ACry, = ACpy + ACpg + 8Cpg

The term AC is the total change in pitching-moment coef-

mnp
ficlent due to propeller operation, ACmT and ACmH rep-
resent the chenge due to the direct effect of the propeller
forces, and ACms is the change of wing pitching-moment co-
efficlent due to the slipstream. for single-engine airplanes
with flaps retracted, ACmg 18 usually very small and may
bé neglected (reference 6). Using the methods of refer-
ences 6 and 7, the total change in pitching-moment coeffi-
clent due to propeller operation, ACmP, nas been calcu-
lated for the flaps-retracted condition with full-rated
pover applied and for the flaps-deflected condition with
half-rated power applied.’ A comparison is given between
the experimental and calculated ACy, in flgure 14.  The

agreement shown is good.
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Propeller operation increased the slope of the 1ift ‘
curve of the model without the tail, the Increase being ap-
proximately provortional to the amount of power applied.

The increase in dCL/da with power results from the direct
effect ol the propeller forces and from the slipstream ef-
fects. Inasmuch as the 1ift coefficients of the sections
immersed in the slipstream are greatest when flaps are de-
flected, the increase in 1lift due to propeliler operation will
be greatest for the flaps-deflected conditlons. The increase
in 1ift coefficient due to propeller opecration may be calcu-
culated by means of the expression

ACL, = MG, + ACry + ACLg

where ACLP is the total change in 1ift coefficient due to

propeller operation, ACLT and ACLN are the Increments due

to the direct effect of the propeller forces, and ACLS is 4
the change in wing 1ift coefficient due to the slipstream.

For the increment of 1lift resulting from tlie passage of the

slipstream over a part of the wing, the semiempirical formula

of reference 8 has been found to glve satisfactory agreement

with experimental date; thus,

b.c . -
lPS)\.Cz-O-680€P

ACLS =

The factor A, introduced because of the change In circulation .

over the wing, may be taken as 1.0 for the flaps-retracted
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condition. With flaps deflected, however, owing to the
marked effect of the slipstream on the flapped-wing vortex
system, the value of N 1is taken as 1.6 according to ref-
erence 7. The change in 1ift due to the direct effect of
the propeller forces may be calculated by the methods given
in reference 6. The agreement between the experimental
and calculated values of ACLP that are glven iﬁ figure 15
is good.

Tail-on tests. - The results of the tests with the

horizontal and vertical tail surfaces on and with the pro-
pellers removed are shown in figure 16. The location of
the neutral point for the tail-on condition with propellers
removed was asbout 0.19c Dbehind the center of gravity with
flaps retracted and about 0.21c behind the center gravity
with flaps deflected LO°.

The effects of propeller operation on the aerodynamic
characteristics of the complete model for various flap con-
ditions are shown in figures 17 to 21. Figure 17 gives the .
results for the model with flaps retracted and with propel-
lers operating at full- and half-rated power. The results
for full- and half-rated power for the model with flaps de-
flected 10.5° and 20.9° are shown in figures 18 and 19,
respectively. FPigure 20 gives the results of the tests

with flaps deflected uOO and with the propellers operating
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at full-rated, half-rated, and idling power. The effects of
propeller operatlion on longitudinal stability, as determined
by the slopes of the curves o»f ¢, against Cj at fixed
elevator for constant power operation, were destabilizing

in all cases. The destabilizing effect of power was most
pronounced for the condition with the flaps deflected MDO,
causing Instability at high 1ift coefficients when full-rated
power was applied (fig. 20).

Ry comparing the results of the tests of the model with
the horizontal tail on and with the propellers removed and -
operating, the increments of pitching-moment coefficient at
the wing and tail due only to the effects of propeller opera-
tion have been determined and are shown in figure 21. The
increments of tail pitching-moment coefficient duc to pro-
peller operation were small with fléps retracted; however,
with flaps deflected hOo the change of tall moment was very
large when high power was applied, czusing the instability
shown in figure 20.

The total contribution of the horizontal tail to longi-
tudinal stability is shown iIn figure 22 for the model with
flaps retracted, and in figure 23 for the model with flaps
deflected MOO. For both conditions, propsller operation
provided an Increment of positive pitching-moment coefficient

from the tall. With flaps retracted, the normal force on
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‘the horlzontal tail surface was posltive for 1ift coeffi-
cients above 0.3, regardless of the power condition, With
flaps deflected MOO, the normal force on the horizontal tail
was negative for 1lift coefficients below 1.6, rezardless
of the power condition.

The effects of aprlying full- and half-rated power
at 35,000 feet altitude on the aerodynamic characteristics
of the model with flaps retracted have been determined and
are given in figure 24.  Since the thrust coefficient for
any particular power condition decreases with altitude, the
destabllizing effect ef power on longitudinal stability and
the increase in the slope of the 1lift curve with powsr are
less at altitude than at sea level.

Elevator effectiveness and hinze moments, - The varia-

tlons of ©Op, Cp, and Cp, with elevator deflection (ele-
vator tab locked) for ths propellers-removed condition are
shown in figure 25. The elevator effectiveness, de/dﬁe,
and the rate of change of elevator hinge-moment coefficient
with elevator deflection, dCp,/dde, decreased slightly
with angle of attack, For any particular elevator angle
setting, the elevator hinge moments increased negatively
with anzle of attack.

The elevator was equipped with a balancing tab which

could be adjusted to give several ratios of tab angle to
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elevator deflection. The variations of tab angle with ele-
vator deflection are given in figure 26. Figure 27 shows
~~e variation of elevator hinge-moment coeflficient with ele-
~stor deflection Tor the conditiong of elevator tab locked
4 of elevator tab adjusted to give minimum and maximum de-
2ctions, With the tab locked, the measurements were made
at a stsbilizer argle of 1.90; however, with the tab operating,
the measurerients were made at & stabilizer angle  of 3.10.
Examination of the data reveels tlLat the change of hinge-.
moment coefficient due to a difference in stabilizer angle
of 1.2° is small, so that a comparison cen be made of the
hinge moments for the various tab conditiones. The slope,
dChe/dﬁe, for the tab-locked condition was reduced some-
what with the elevator tab adjusted to give maximum ratlo
deflections; little change was measured, however, with the
tab adjusted to give minimum ratio deflections. The effect
of the tab on pitching moments is given in figure 28 for
various angles of attack. A small decrease in the siope
de/dGe was measured, the decrease being rost pronounced at
the‘lowest and the highest angles of attackhk.

The varistions of Cp, Cp, &and Ch, with clevator de-
flection for variocus power conditions and with the model in
the high-speed, clinbing, and landing ettitudes are given in

figures 29 and 30. A curve is presented (I'ig. %1) showving
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the elevator angles required to trim the alrplane throughout
the speed range for the condition of flaps retracted and full=-
rated power applied. The values of & at high values of
Indicated alrspsed were obtained from the experimental
values of figure 2§ and the values of 6, at low values of
indicated alirspeed were obtained by extrapolating the re-
sults of figure 29 to higher 1irt coefficients.

The sffects of the slipstream on dCp/d6, and dChy/dde
are illustrated in figure 3%2. Vith propellers removed,
the valuss of de/dﬁé and dCh,/dd, decreased with angle
of attack: howsver, with propellers operatlng, the values of
dCp/d6, and dCh,/d6, increased with angle of attack.
Since for constant power operation Tg Increases with angle
of attack, the dynamic pressure at the tall and therefore
dCp/d8s and dche/dée should incresse wilth the angle of
attack, The increaSe'appears to be approximately propor-
tional to the amount of power applied. |

The effect of tab position on the elevator hinge moments
of the model with propellers operating is shiown in figure 33,
With the tab locked, tbe velues of dCp /de &t Cpe = 0
were -0.0101 and -0.0113% per degree elevator deflection for
the eirvlere in the highi-speed end climbing attitudes, re-
spectively. Withh the tab adjusted to zive maximum ratio
deflections, the corresponding values of dche/d5e were

~0.008l; and -0.0089.
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In order to deteornins the effects of yaw on the ele-
vator effeetiveness, some tects were made with the model
yawed at 5.75° and 15.10. The results of the tests with the
model in the high-speed and climbing attitudes are shown in
figures 3l and %5, and the results for the model in the
landing attitude (flaps deflected };0°) are shown in figures 36

and 37. A comparison is given in teble I of the values of

dcC {
(&_m) and dCh%) for the model in the yawed and
ddg/ . _ d8e _
%"O he"'o
unyawed condltions., It is seen that, in the high-speed at-

titude, the elevator effectivenezs decreases about 10 percent
when the nodel is yawed 15.1°. @he change of elevator ef-
fectiveness with yaw in the climbing and the landing attitudes
was less than in the high-speed attitude.

Lateral Stability, Control, ana Trim

Aerodynamic characteristics in yaw. - The changes of the

aerodynamic characteristics with yaw angle have been deter-
mined by cross-plotting the rasults of rudder-effectiveness
tests (similar to those shown in figs. 5L to 57) at several
angles of yew. Tae varigmtions of Cp and Cp with V-
for the model &n the high-speed, climbing, and landing atti=-
tudes are shown in rigures 35 to 0. It should be noted

that in the landing attlitude with flaps deflected the changes.
in Cy and (€, due to yaw were large and somewhat imcon-

sistent for toth power conditions. The effect of yaw angle
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on Cp and Cp for the model in the high-speed and climbing
attitudes was considerably less than for the model in the
landing sttitude.

The changes of Cp, C;, and Cy with V for the
model in the high-speed, climbing, and landing attitudes at
various power conditions are shown in figures L1l to L6.

The effects of propeller operation on the effective dihedral,
dC1/a¥, and on the directional stability, aCp/av, were
most pronounced for the rlaps-deflected condition. With
the model in the landing attitude and idling power applied,
the slope of the curve of yawing-rioment coefficient against
angle of yaw shows approximately neutral stability at small
positive angles of yaw and Instability from -2° to -8° angle
of vyaw (fig. L45). Inasmuch as the value of dCL/dW for
this condition is relatively high, about 0.0018, a conditilon
of lateral oscillatory instsbility will probably exist.

The danger of this condition is accentuated because it cc-
curs at the landing attitude where recovery becomes very
difficult. A large decrease in effective dilhedral was
measured when helf-rated power was applied to the model in
the landing attitude; however, the directional stabllity was
increased (fig. Li6). This combination should result in a
condition of spiral instability. Spiral instability is not

a ssvere condition, however, inasmuch as 1little difficulty




is encountered in flying airplanes which are spirally unstable. .
Since it has been proposed that the model be returned tc the
"1l=-scale tunnel for further encine-cooling tests, some ad-
- tlonal tests to check the stability of the airplane in the
ading attitude are contemplated.

The slope of the curve of lateral-force coefficient
against angle of yaw for the model with flaps deflected 1,0°
was increased frem 0.0055 to 0.012l when the thrust coeffi-
cient was increased from 0.0L5 to 0.490.

The effects of propeller operation on the directional
stability, on the effective dlhedral, end on the rate of
chenge of lstersl-force coefficient with yaw angle for the
model in the high-sveed and climbing attitudes are illus-
trated in rigure L7. The directional stabilityv decreased
with angle of attack, but at any particular angle ol attack
the directional stability was highsr for the full-power
condition than for the half-power condition. No vaeriation
of dCY/dW with angle of attack or power was mcasured for
the high-speed or climb concditions.

The changes in the lateral characteristics due to power
result from the direct effect of tﬁe propeller forces and
from the effects due to the propeller slipstrean. Since the
thrust axis and the center of gravity lie in the plane of -

symmetry, the thrust forces have no effect on the rolling




*

- 25 -

and yawing rioments about the stability axes. The propeller
normal force, however, lies in the plane of the prcpeller
and causes a yawing moment which is always destabilizing.
The effect of the propeller torque, which usually causes

a large rolling moment for'airplanes with single-rotating
propellers, 1s probably very small and may be neglected
when dval-rotating propellers are used.

When the airplane is yawed, a greater part of the
slipstream is deflected over the trailing-wing panel. The
result is that the increased dynamic pressure lncreases the
1ift of the trailing-wing pencl and causes & decrease in
effectivs dihédral. The decrease would be most pronounced
with the flaps deflected, since the inboard sections of the
wing are operating at high section 1ift coefficilents. By
the same reasoning, the drag of the trailing-wing panel 1is
increased which results in a destabilizing yawing moment.

The adverse eflects of wing-fuselage iﬁterference on
the effective dihedral and the favorable effects on the
directionel stability of low-wing monoplanes are probably
chahged scmewhat by the passage of the slipstream over the
wing-fuselage juncture. The increase in dyanmic pressure
over the vertical tall increases the control effectiveness
and probably increases the directional stability depending

on the engle of sidewash and the direction of the load at
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the verticel taill. As the angle of yaw is increased, a

point will be reached where the vertical tall passes out of
the slipstream and, consequently the control effectiveness

will be decreased to the propellers-removed value. The
sidewash angle at the tail results from the various components
of the alr flow due to the wing, the fuselage, and the slip-
stream and 1s determined as a vector addition of these com-
ponents. Some changes in the pitching moments due to yaw

are caused by the changss in velocity and direction of flow

at the horizontal tall surfsace due to the slipstream.

Rudder cffectiveness and hinge moments. - The variations

of Cp, Gy, and Cry with rudder deflection for the model
with propellers removed are shown in figure i8. The values
of dCp/dd,, dCy/db,, and dChP/dGI, changed very little
with angle of attack. For the propellers-renoved condition,
the respective values ol dCp/ddp, and dCy/d6, were -0.0013
and 0.0022 per degree. The value of aCh,/d6, at &p =0
was -0.00L5 per degree.

The effect of various ratios of tab angle to rudder de-
flection on the rate of change of rudder hinge-moment coeffi-
cient with rudder deflection, dCy,/ddp, 1is shewn in fig-
ure 9. Figure 50 shows the variation of tab angle with
rudder ceflection for the different tab adjustments. A -

large decrease in the valus of dchr/d5r at 6, = 0 for no



2

T~

- 27 -

tab was measured when the tab‘was adjusted to give elther
tab-rudder deflection ratio 1 or 2; however, there was
little change of rudder hinge moments measured between tab-
rudder deflection ratios 1 and 2. The effect of tab set-
ting on the yawing-moment coefficlents at several angles of
ettack 1is shown in figure 51. The tab caused & very small
decrease in rudder effectiveness, dCn/dSp.

The effects of propeller operatlion on the variations of
Cn» Cy, and Chr with 0, for the model in the high-
speed, climbing, and landing attitudes are shown in fig-
ures 52 and 53. In the high-speed attitude, where the 11ift
coefficient and thrust are low, there was little change of
dCp/db6, and dCy/dd, due to propeller operation. A slight
increase of dCp/d5, and no increase of d4Cy/ddr was
measured with the model in the climbing attitude and full-
rated power applied. With the model in the landing atti-
tude, however, the values of dCp/dd, and dCy/dd, were
increased to -0.0018 and 0.0029, respectively, when half-
rated power was &pplied. The rate of change of rudder
hinge-moment coefficient with rudder deflection Iincreased
with power; a value of dChr/dﬁr of -0.0088 was measured
for the model in the landing attitude with half-rated power
applied as compared with a value of -0.0045 for the model

with propellers removed.




- 28 -

Several tests were made to determine the effects of rud-
der deflection on the aerodynamic characteristics of the
model 1n yaw. The results of some of the tests with the
model in the high-speed, climbing, and landing attitudes are
glven in figures 5l and 55 for V= 15.1° and in figures 56
and 57 for ¥ = -15,2°, The variations of dCp/d6p at
Cn = 0 and dCp /a6, at Cp, =0 with V¥ are given in
figure 58 for the model in the high-speced attitude with full=-
and hall-rated power appliéd, in figure 59 for the model in
the climbing attitude with full- and half-rated power applied,
and in figurs 60 for the mecdel in the landing attitude with
idling and helf-rated power applied. The effect of yaw angle
on dCp/ds, was small for all of the test conditions; how-
ever, an apprecisble increase in dchr/dér with yaw was
measured.

The rste of change of rudder hinge-moment coefficient at
zero rudder deflection with yaw angle for the various model
attitudes 1s shown in figure 61. Tor the high-speed and
climbing attitudes, the values of dChr/dW was zero at
small angles of yaw,. For ths model in the landing attitude
wlth half-ratsd power applied, some variations of Chr(5r=0)
with WV was measured, but these were small at small angles

of yaw,
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The rudder angles necessary to hold a given angle of
yaw for the model in the high-speed and climbing attitudes
ere given in figures 62 and 6% for the full-and hslf-rated
power conditions, respectively. In the high-speed attitude,
a value of dW/dér(cnzo) of about 1.1 was measursd. The
value of dw/dér(cnzo) for the model in the climbing atti-
tude with full-rated power applied was about 1.2, which was
increased to about 1.3 when half-rated power was spplied.

The ruvdder angles to hold a given angle of yaw for the model
in the landing attitude with idling and half-rated power ap-
plied are shown in figure 61, Thé instability shown by

the curve of figurs 6l at small angles of yaw for the idling=-

power condition corresponds te the same instability notad in
the cuvrve of Cp against V¥ (fig. L5) at smalgigggles.

The value of dw/dér(cnzo) for the model in the landing at-
titude with half -rated power applied was about 1.5.

Alleron effectiveness and hinge moments. - Since the

allerons on this model are well out of the region covered by
the slipstream, all of the tests to determine the effects of
alleron deflection werc made with the propellers renoved.
The measurenents were made for deflections of the left
aileron only. Pigures 65 and 65 show the variations of

Cis Cn, and Gy, with aileron deflection (teb locked)

for the model with flaps retracted and with flaps deflected
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,0°, respectively. The results with the model yawed at -10.1°
y

and with the flaps retracted and flaps deflected AOO are shown

e

in figures 67 and 68, respectively.

Tuft surveys had previously shown that the installation
of cannons at the leading edge of the wing caused an early
separation of the flow, especially in the region of the
ailerons. As a result, alleron-effectiveness tests were
made with the cannons installed on the wing in their maximum
up position (fig. 8). The results of the tests with the
cannons installed on the wing aré given in figure 69.

Iﬁasmuch as it has bzsen proposed that the Republic
Aviation Corporation iustall gasoline tanks on the lower
surface of the wings (fig. 9) for ferrying purposes, some
tests were made to determine the effects of the wing tanks
on the aileron effectiveness. The results of the tests for
the unyawsed model are shown in flgure 770. Pigures 71 and 72
show the results of the tests with the wing tanks on and
¥ = -10.1° for the flaps-retracted and flaps-deflected
conditions, respectively.

The variations of Cp, Cp, and Cp with o for the
model with the wing tanks on and for the model with cannons
installed in thelr maximum up position are shown in figure 7T5.
It will be noticed from figure 73 that the cannon installa-

tion caused a reduction of maxirmum 1ift cocffilcient of about
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0.3. Studies made with various cannon installations showed
that the reduction of maximum 1ift coefficient due to the
cannons can be minimized by (1) lowering the cannons,

(2) using a longer cannon extension from the leading edge

of the wing, and (3) using a sultable fairing at the wing-

cannon juncture. The pasoline tanks caused.no appreciable

reduction of maximum 1lift coefficient.

The variations of Cp, with &y for the tab-locked
and teb-operating conditions are shown in figure 7l for
various angles of attack. Figure 75 shows the variation of
tab angle with aileron deflection. With the aileron tab
installed, some decrease in dCpy/db, was measured. Fig-
ure 76 shows ths variations of Czs ©Cps, and Cha with
aileron deflection for the case of alleron tab installed at
ratio 1. The tab had very iittle effect on elther the
vewing or the rolling moments.

A few calculations have indicated that the stick forces
required to obtain maximum aileron deflections with the air-
plane in the high-speed or cruising attitude will be exces=-
sive. This was true for the conditions of tab lotked and
tab operating.

A table has been prepared (tabie II) giving values of
aileron effectiveness and helix angle, pb/2V, for all of

the test conditions. The values of d4C;/dd, eand pb/2V
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have been computed}for a total angular difference between up
and down ailercns of 30° with an aileron differential ratio
of 1:1. The term pb/2V, which expresses the lateral dis-
placement of the wing tip in a given forward travel of the
airplane, is a measure of satlisfactory aileron control (ref-
erence 9). A value of pb/2V of 0.07 represents a criterion
of minimum satisfactory aileron effectiveness. The values
of pb/2V for all the conditions tested varied from 0.082
to 0.117. |

The criteria for satlislactory aileron control presented
in reference 9 should be used with caution. Flight measure-
ments have indicated that the values of pb/2V obtained in
wind-tunncl tests are about 0.02 higher than those obtained
in flight as a result of wing twist and sideslip angle.
Furthermore, although a value of pb/2V of 0.07 implies a
conditicn ol satisfactory alleron-control effectiveness, 1t
does not imply that the rolling velocities attainable will
be satisfactory. Thus, a pursult airplane having a large
wing span will require larger values of pb/2V to attain
rolling velocities equal to those of a pursuit airplane having
a small wing span. Cn this basis, the rolling velocities
attainable with the present XP-69 aileron installation may-

be inadequate.
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Alr-Flow Surveys
The results of the air-flow surveys are presented in

figures 77 through A80. The figures show contours of q/qo

and downwash and sidewash vectors in a vertical plane through

the elevator hinge line for various angles of attack and

thrust coefficients. The results of the propellers-removed

surveys are given in figures 77 and 78 for the flaps-retracted

and flaps-deflected conditions, respectively, The effects

of propeller operation on the air flow in the region of the

tail plane are shown in figures 79 and 80. A table (table III)

is presented, giving values of the dynamic-pressure ratios

end the downwash angles averaged across sach semispan of the

horizontal tall surface at the elevator ninge line.

The velocity and direction of the alr flow at the tail
may be considsred as the resultant of the various filelds of
flow from the wing, the fuselage, the ducting system, and
the propeller slipstrecam. The wing waeke (or region of low
dynamlc pressure) and fhe combined wakes of the wing, the
fuselage, and the ducting system (or region characterized
by the erratic flow just below the fuselage) are clearly
evident in the surveys made with the propellers removed.
(See rigs. 77 and 78.) Owing to the relatively high posi-
tion of the horizontal tail surface with respect to the

wing, the center line of the wing wake passed below the
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horizontal tall surface for all of the conditions tested.

The center line of the wing wake rose relative to the tail
with increasing angle of attack (figs. 77(a) to T77(c)),

which resulted in a small decréase in the average dynamic-
pressure ratio measured across the horizontal tail surface as
the angle of attack was increased. The change in dynamic
pressure at the tail due to flap defleétion was small since
the flap wake alwavs passed below.the horizontal talil surface,

The downwash angle at the teil, which is directly pro-
portional to the 1lift coefficient, increased with angle of
attack and flap deflection. Thie increase of downwash angle
at the tail due to flap deflection was about 70 for the
propellers-removed conditicn.

The effects of propeller operaticn on the dymamic pres-
sure and the downwash angles at the tall are illustrated in
table ITII. The values of (q/qo)aV and €., were computed
separately across each semispan of the horizontal tail in
rder to ascertein whether the use of dual-rotating propellers
eliminated the efflects due to slipstream rotation. Propel-
ler éperation increased the dynamic pressure at the taill.

The increaszs in dynamic pressure at the tail, however, was
not directly proporticnal to the amount of power applied since
the location of the slinstream center line with respect to

the horizontal tail varisd with angle of attack and thrust
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coefficient, For all positive angles of attack the downwash
at the tail increased with propeller operation; whereas, at
the negative angle of attack, propeller operation resulted

in a small cdecrease in the downwash at the tail.

When the power absorbed by the front propeller was
approximately equal to the power absorbed by the rear prow
peller, there was little evidence of slipstream rotation
in the surveys. Since the propeller blade sngles were
adjusted so as to absorb approximately equal power at the
V/nD for peak efficiency (V/nD = 1.25), the powers ab-
sorbed by the two propellers were not equal at other values
of ¥/nD (fig. 5). At low thrust coefficients, where the
difference in power absorbed by the front and resar propellers
was small, thé values of (q/'qo)av and ﬁav measured across
each semispan of the horizontal tell surface were approxi=-
mately equal. At the higher thrust coefficients, however,

some difference in (q/dy)ay and € was measured, .

av
although the difference was considerably less.than that
usually~6bserved behind airplanes with single=-rotating
propellers.
SUMMARY OF RESULTS
1. Propeller operation resulted in an sppreclable

decrease in static longitudinal stability. With flaps re-

tracted and full-ragted pbwer applied, the neutral point was
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shifted about 7 percent of the mean aerodynamic chord forward
of its position for the propellers-removed condlitiocn. With
flaps deflected 110° and full-rated power apnlied, the neutral
point was shifted about 20 percent of the mean aerodynamlc
chord forward of 1ts »osition for the propellers-removed con=-
dition.

2 The application of power incrcased the slope of
the 1ift curve, the increase being'apnroximately pronortional
to the amount of power applied.

3 The elevator nrovided satisfactory longitudinal
control througchout the 1lift range.

i  The elevator effectiveness and the slope of the
hinge~moment curve against elevator deflection increased with
power.

5 The effect of yaw angle on elevator effectiveness
was small for the range of yaw angles tested.

6. 4 decrease in dCp,/dde at zero tab of from 10 to
20 percent, depending on the power condition, was measured
when the tab was adjusted to give the maximum tab angle to
elevator deflection ratio,

7. The ratio of effective dthedral, df,/d¥, to direc-
tional stability, an/dW, varied from about 1.0 to 1.3 for the
model in the high-speed and climbing attitudes with flaps re-

tracted and with full- and half-rated power applied.
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8. A large decrease in directional stability was

measured when flaps were deflected and idling power apnlied.

For the model 1in the lahding attitude with idling power
applied, the slope of the curve of C, against V¥ showed
approximately neutral stability at small positive angles
of yaw and instability from -2° to -8° angle of yaw.

The effective dihedral, as indicated by aC;/dv, was high.
A condition of lateral oscillatory instability may there-
fore exist for landings made with 1dling power.

9. A large decrease in effective dihedral was
measured when half-rated power was applied to the model in
the landing aftitude with flaps deflected; ﬁhé directional
stability, however, was greater than that measured for the
1dling-nower condition.

| 10, The slope of the curve of yaw angle against
rudcer deflection at trinm dW/dér(ano) varied from
about 1.0 to 1.3 for the model in the high-speed and
climbing attitudes with full- and half-rated power apnlied.
A large increase in dW/dér(Cngo) was measured when flaps
were deflected and idling power annlied.

11. The rudder effectiveness and the rate of change

of hihge-moment coefficlent with rudder deflection increased

with power.
12, The negative value of dCn,/ddr at Cp, = 0 was

reduced about 0.0025 by the use of a balancing tab.
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13. The magnitude of the maximum rolling velocitles at-
tainable with a total alleron deflection of 300 may be low
when compared with that attained by some present-day pursult-
type airplanes.

1li. The stick forces required to obtain maximum aileron
deflections with the sairplane in the high-speed or cruising
attitudes will be excessive.

15. A small reduction of aileron hinge moments was ob-
tained by the use of a balancing tab.

15. The addition of cannons and gasoline tanks on the
wing of the model caused very little change of aileron effec-
tiveness.

17. The test results indicate that little or no appli-
cation of the ailerons or rudder will be necessary to fly in
an unyawed attitude with pronellers operating.

18. With the cannons installed on the leading edge of
the wing in their maximum up position, a reduction in maximum
lift coefficient of about 0.3 was measured.

19. The center line of the wing wake was below the
horizontal tail surface for all of the conditions tested.

20, Propeller operation increased the dynamic pressure
at the teail. The downwash angles at the tail were increased
for positive angles of attack and decreased for negative

angles of attack when power was applied.
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21. When the power absorbed by the front propeller was

approximately equal to the power absorbed by the rear pro-

peller, there was little evidence of rotation in the slip-
stream.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Lanzley Pield, Va. January 7, 1943.
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TA3LE IIT
Average Dynamic-Pressure Ratios and

Dewnwash Angles at Tail

—~

A

(4/46) av Cav (deg)
G cr, | or Te Right Left Right Left
(deg) (dexg) semispanisemisnan |semispan]| semispan
(a) Jof tail lof tuil |of tail | of tail
-0.7}10.130 | 0 - 0.5 0.97 1.7 1.9
5.% .{37 0 - .9% .97 2.8 2.5
.1 723 | O - 9l .95 5. e
7.1 11.275 | 4O - .95 .95 11.9 12.%
11.5 | 1.565 | LO - .33 . 0% 13.2 13.5
-7 102} 0 | 0.025 1.02 1.00 1. 1.7
-71 .125} © .250 1.2l 1.21 1.3 1.5
z2,741 U351 0 . 025 1.00 1.00 2.9 2,2
2,71 L5014 o . 250 1.19 1.19 3.2 2.6
7.0 1 1.396 | .0 . 300 1.07 1.31 1L.7 13,2
£8 11832 [0 | oo 1.17 1.0z 1&.& L.
11.3% | 1.772 | LO .+ 300 1.2k 1.25 18.7 17.2
11.3 1.é15 Lo+ ,600 1,33 1.Ad 21.7 19.2

Missing values indicate prozellers removed,.
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Figure 4.- Propeller installation on the 3/4-scale
model of the XP-69 airplane.
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