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MEMORANDUM REPORT

fion the
Army Air Forces, Materiel Command
FLYIEG QUALITIES AND STALLING GHARACTERISTICS
07 NORTH AMERICAN XP-51 AIRPLANE
(A.A.P. No. L1-38)
By Maurice D. White, Herbert H. Hoover,
and Howard W. Garris
INTRODUCTION

At .the request of the Army Air Forces, a flight investi-
gation of the flying qualities and stalling characteristics
of a North American XP-51 airplane was conducted by the NACA
at Langley Field, Va. The results of these tests are pre-
sented in the following report. This is the first airplane
to be tested at the Laboratory ritted with a wing having &
low-drag airfoil sectlon.

The flying-qualities tests, which were made subsequent
to a flight investigation of the wing drag, were begun about
March 1, 15L2 and were completed about May 15, 1942; a total
ofts 2duf1ightg were made requiring approximately 2h honraticd
flying time.

In addition to this report, & report has been written

coﬁering the results of tests of a set of modified allerons
(reference 1).
DESCRIPTION bF THE XP~51 AIRPLANE
The North American XP=-51 airplane 1is a single-englns,

low-wing, pursult-type monopléane (flgas. 1, & 3y and ol

Descriptive data and dimensions are listed as follows:
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Control surface Surface deflection

)

BElevator 2.5° up - 250 down

Rudder %0.5° left -32.5° right
Ailerons £10° (see fig.

Wing flap 19.5° down

Blevator trim

tab 10° nose heavy - 22°
) tail heavy
Rudder trim tab 8.0° rose right - 11.5°
nose left
Aileron trim tab 11.5° right - 9° left
Aileron booster
tab linkage:
Left wing 0.4L5
Right wing GRS
Normal
el sapaclity, ‘gal o .. e 0 e oY
B ecapacity, 28l s -0 st e 0w e e s
Horizontal distance from elevator hinge
line to leadinz-edge wing at center lin
Horizontal distance from rudder hinge
line to leading-edge wing at center lin

faximum fuselage cross-sectional aresa, ap
Wheel base T et SR TR R T A

Control friction was measursd on the

on the surfaces, and values are given ln

The aileron trim tab was on the left

lJeft alleron btrim tab and the tab on the

act as balancing tabs to relieve alleron-

Control movement or
trim tab
setting

indieator

17 in. total at top
et gt

7 in. total at peda

18 in. total el dop
o stieck

10° nose heavy - 22°
tail heavy
8° nose right to
lh.SO nose left
10° plight & 10° deft
Ilaximum
179
12
CYR e B8 . 7ﬁ in.
IR 5 (R - 55 Lme

N
15.l 8q £t
sGal

ProX.

° ° . . .

ground with no load
table I.

aileron only, Thi
right aileron both

contreol foreses.
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INSTRUMENT INSTALLATION

Standard WACA recording instruments were used in the
o

investigation. The instruments used and the iternis recorded

are listed in the following table:

Item NACA instrument

Airspeed recorder

Control-surface position Control-position recorders

Control forces Rudcder-force recorder and two-
component stick-force re-
corder

Angular velocities about I
three alrplane axes Recording turnmeters

Acceleration along airplane Rncordlng thiree-component
axes accelerometer

Angle of sideslip Recording yaw vane

Angle of bank or Recording lnclinoweter

Time Timer

pitech

All of the records were synchronized by means of the timer.

The yaw vane was nounted on a boom extending about a

chord length ashead of the right wing tip

nn%ro1 -position recorder was used for sach

e 42

An sileron

aileron and was connected to the control cables in the im-

mediate vicinity of the surfaces in order to minimize the
i

"ecta of the elasticity of the system under load,

The alirspeed recorder was connected to a shielded

total head and a free-swiveling static head mounted on a

.

boom extending a chord length ahead of the left wing tip.
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CALIBRATION OF PILOT'S AIRSPREED MRTER

The installation of the service airspeed indicator in
the XP-51 airplane conslsted of & pitot-static head located
18.l inches below and 3.8 inches aft of the leading cdge of
the right wing and in line with the inboard end of the alleron
frio, L.

This service airspeed head and the NACA airspeed recorder
installation were calibrated by Tlying in formatiocn with

another airplane, the airsveed recorder of which had been

ealibrated by means of a trailing stetic. head, Variat

'Jo

on

”J- 333/

of the indicated values of the XI-51 service alrspeed head
with correct indicated airspeesd is shown in figure 7.

"Correct indicated alrspeeds" aé used in the present
report 1s defined by the relation

e S ——

Vy = 45.08 4/
it .08 Ve in, H»0

where q,, the impact pressure, is corrected for installation
errors .
DESCRIPTION OF TESTS
Tests were made with the airplans center-of-gravity lo-
cation ranging from 2li.3 percent to 29.3% percent of the mean

aerodynamic chord, except for several lending tests made wilth

the center of gravity fgrther forward. The gross weight
varied from about 7200 to 7000 pounds. A considerable




forwarad movems fit ef “thé  cenber of

was consumed (about 1 per

for
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each lj0 galions). % Corrections
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cent ol the nean

in which

defined in the following table:

tests w

aerodynamic

gravity occurred as fuel

chord

have been made for th

ere rnade are

in the tests are

in the dellected
the

only in glidin

= condrilt Tomuet

shown in figure 8.

position in figure 8,

T3 ok,

iy

actually deflect

i

The defleecbor,

hes

|
Flight FlapsiLanding fadlator scoop Manifold |Bngine
condition | gear nosition pressure,| rpm
i aball S i
Cruising | up Az up Neutral (partially
2 open) 29.5 2280
Combat 20° | --do.-=-|Neutral (partially
| open) 39.5 - [ 2600
Gliding up . |-~-do.--|Scoop closed, Throttle
, deflector down cloged| ===~
Climbing | up |--do.--|Neutral (partially
| open) ‘ 39.5 2600
Take-off | up | down |Neutral (partially
f open) : L6.8 2800
Take-off | 20° | --do.--|Neutral (partially
open) . L6.8 2600
Wave-off 50° |~=do.~=|Neutral (partially
open) . L6 8 2800
Landing 500 ~-do.=--|Neutral (partil allvz
pen) 'TlrotTLn
cloged| ===
Landing 200 |--do,=-=-|Neutral (partially
approach 5! open) L 20 26090
e te) -
fhe wvarlous configurations of the. radiator scoop used

shown

coekpitb

ed




windows were closed in all tests except when the effect of
opening them was investigated specifically.
RESULTS AND DISCUSSION
In the presentation and analysis of the results of the
tests, the standards used for comparicon were the
quality requirements listed in reference 2,
I¢ Longitudinal Stability and Control
I-A.,  Characteriztics of uncontrolled longlitudinal motion
The. characteristics of the uncontrolled longitudinal
motion were investigated at various airspeeds throughout the
respective airspeed ranges for the ‘ecruising, gliding, &and
landing conditions. Tﬁe tests for the short-period oscil-
latlions were made by trimming the alrplane at each speed,
then taking continuous records as the elevatcr control was
abruptly deflected and released.
The results indicate that the short-period oscil-
lations of the airplane are well damped for all conditions,
inciuding the critical high-speed condition, and .fuliill the

requlirement that the oscillation

toal

nall disappear within one
cycle., The moverient cf the elevator also appears wsll damped
although for certaln conditions about:two cycles asre required
to effect complete demping of the motion. This effect 1is
generally obscured, however, by the effect of friction (sece

table I) which, while only of the order of 1.5 pounds of
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stick force, nevertheless resulted in the elevator coming
to rest at a position other than that required for trim.

Typical time histories of short-perliod longitudinal oscil-

hour with the center of gravity at 25.1 percent of the mean
aerodynamic chord are shown in figure 9.
1-B.: Characteristics of elevator control in steady f£light
The characteristics of the elevator control in
steady flight were determined by recording the elevator
position and force required for trim at various speeds in

the Tollowling conditions:

|
|
|
|
|
|
|
|
’
lations in the cruilsing condition at 119 and 2.8 miles ver
|
|
]
|

Flight Center-of- [Scoop Flaps|Manifold Rpm!Figure
conditiongravity po-!position pressure,
¥ Sulibsion | ! in. He
perceent MA.C|- [
‘ A i - s e e S ‘
- Cruising 2.5 Neutral! up 29.5 2280} 10(a)
| Cruising 2?.2 ---do.-=| up 29.5 (2280 10(a) |
Gliding ity Closed,
{deflector Throttle (
down up closed|----! 10(b)
Gliding 29,5 IClosed, |
j deflector Throttle |
down up closed|==--=! 10(b) ;
Climb 25.¢6 Neutral | up 329.5 |2600| 11 \
Climb 28,7 = =do, =& up 25.5 12600| 11 |
Take-off 2565 ~~=d0.=={ up né 8 12800 12(a)
Take-off 2l.9 ~==-do.--| 20° ; ' |
\ dovn L6.8 [{2800] 12(Db) |
Wave-off 2li.6 --=do.--| 500° |
| down 16.8 {2800] 12{e)
Landing 23 —=-do.-=| 500 !Throttle |
2 | down closed |=----} 13%(a) |
Landing 28.5 ---do.--! 50° |Throttle |
down closed |----| 13(a) |
Landing 2l.6 ~=~do.-=] 20° |
0> approach - {down 20 .0 2600| 13(b) |
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The results of these tests, which are presented in

figures 10 through 13 (see preceding table), indicate the

following conclusions:

1. In all conditions of flight and at each center-
of-gravity position tested, stick-fixed static stability
was indicated by the negative slopes of the curves of
elevafor angle against airspeed. However, in the power-
1s was accompanied by

on conditions, trim at low spee

(]
{

t

more sideslip than at high speeds which, as can be seen
by reference to the sideslip results in figures 31
through 38, made it necessary to use more up-elevator
deflection at low speeds. The magnitude of the effect
was comparable with that of some other pursuit-type air-
pilanes, For all flight conditions, therefore, the re-
quirements .of reference 2 were met althnugh the stick
movement in some conditions was very small. In the
cruising and climbing conditions, for the rearward
center-of-gravity positions, for example, the top of
the stick was reguired to move less than 1 inch from
300 miles per hour to the stall to maintain trim.

2. 1In all conditions of filght tested, the waria-
tion of stick force with airspeed was small but stable
throughout the respective speed ranges. Despite the

small magnitude of the force gradients, the force charac-

teristics were considered adequate by the pillots.
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The center-of-gravity positions at which neutral

longitudinal stability would occur for stick-fixed and

@

gtick-free conditions are listed in table II. Thes
neutral stability points were determined by plotting
d6./dC;, and dCh/dC;, as a function of center-of-
gravity nosition,

where

Oe elevator deflection

Ch elevator hinge moment

C1, airpiane 11t coelfficlent

It will be noted that freeing the controelsg had but

1ittle effect on the longitudinal stabllity.

5. As meagured on the ground, the frictlon ilnjthe
elevator control system was about l% poungdsi. (See
2 &

table I.) This friction was sufficient to prevent the
control from returning’immediately to its trim position
followihg an abrupt deflectlion (fiig. 9). Due to vibra-
Glen of tlerairplane, the stick weuld cfeep toward its
trim position as illustrated in the time history shown
im flgure 93 the effect jof frictionr, therefore, dld it

influsnce the data in the force curwves  of figures 10

through 1%, since sufficient time was allowed for the
: & )

control, to reach its steady position 1n each case.
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li. The elevator required for trim was well within
the available elevator travel throughout the speed range

sted.

O

in all conditions of flight t
I-C. Characteristics of the elevator control in ac-
celerated flight
The characteristics of the elevator ceontrol in ac-

celerated flight were determined from measurements taken in

rapid 180° turns. Time histories of rspresentative turns
are shown in figures 1l through 20. The results of these

tests may be swmerized as follows:

1. Although the load factor of 8g was never
actually attained in any of the tests, it was determined
by extrapolation Qf available data that the elevator
control was sufiiciently powerfl to develop either the
allowable load factor or the maximum 1ift coefficient
at all speeds. Ih one of the forward center-of-~gravity

positions tested, 25.5 percent 6i the mean eserodynamic

=t

ned

[

chbrd, the maximum 1ift coeff{icient was atta n a
180° turn using less than half the available stick
tpavel (fig: 21.(2)).

2. As shown by the time histories, [ligures 1l
through 20, and the summary curve shown in {igure 21{(a),

the variation of elevator angle with normal acceleration

o :
350 turns was stable. By extrapolation,

’—h
=
ct
o
D
19)]
ct
(@)
f2h)
Q,
<
l,_)
(eo}
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it is seen thst, with the center of gravity at about

=

B2 s perdent of the mean aerodynamlic chord, the
stick-fixed turning-flight stability would be neuvtral.
5. The stick movement required to change the angle
of attack from & 1lift coefficient of 0.2 to the maximum
1lift coefficient was 2.l. inches with a center-of-gravity
position of 25.5 percent of the mean aerodynamic chord.
With the center of gravity at 28.9 percent of the mean
aerodynamic chord, the corresponding stick travel was
alily 1e2 imches (flg. 21(a))s This characteristic re-
sultedin the airplane being somewhat sensitive to.small

t

f=iv

movements of the stick, as illustrated in th

(&}

me
i ! ) ; g X

histories of 180" turns in figures 1l through 20 where

the normal acceleration fluctuates due to almost im-

4o

perceptible elevator movements. However, with the aid

}=de

of the satisfactory stick-force gradient discussed later,
these stick movements ware kept small enough éo that the
resulting motions were not considered objectionable.

L. As measured in-steady 180° tufns, the ﬁormal

1

hi

3

ecceleration varied linearly with stick force.

n

variation is shown in figure 21(b) for two center-of-
grevity locations in both combat aﬁd crﬁisihg conditions
of flight. This linear variation is desirable as’'an aid
to the pilot in obtaining and holding a gilven ac-

celeration.
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5. 1In figure 21(b) the variation of stick force

with acceleration is shown to be 8;5 pounds per "g" for
the forward center-of-gravity position (25.5 percent of
fhe mean aerodynamic chord) for both cruising and combat
conditions. This value is nearly equal to the recom-
mended upper limit of force gradient of 8 pounds per g.
(On the basis of tests made subsequént to the writing of
reference 2, the value of 6 pounds per g quoted there
as an upper limit for satisfacotry stick~force gradient
has been revised to 8 pounds per g.) With the center
of gravity at 28.9 percent of the mean aerodynanic
chord, the stick-force variation with normal acceleration

was about L.l pounds per g.

It appears from extrapolation of the data (fig. 21(b))

that no force gradient at all would be experienced in
steady turns in the cruising condition with the cente

of gravity at 32.7 percent of the mean aerodynamic chord.
This value of center-of-gravity position at which the
force gradient in turns becomes zero agrees reasonably
well with the value of 32.3% percent of the mean aero-
dynamic' chord obtained for zero stick position gradient
in turns indicating the variation of elevator floating

angle with angle of attack to be small.



The above results correspond to an altitude of
dijout” 7000 feet. At higher altitudes, lower forces
will be experienced for a given acceleration due to the
decrease in required elevator deflection resulting from
the increased radius of turn.

At a center-of-gravity position of 28.9 percent of
the mean aerodynamic chord,.the data of Tigure 21{1)
indicate a force of 30 pounds will be necesgary - be
obtain the allowable load factor of 8g in the cruising
conditién, ' 'At center-of-gravity positions farther aft,
velues lower than 30 pounds, the minimum value gpesified
in reference 2,will be required. These results: dppear
to establish 28,9 percent of the mean aerodynamic chord
as the rearmost position and 25.5 percent of the mean
aerodyﬁamic chord as the most forward position at which
the requirements of reference 2 for stick forces in
turns will be satisfied,

Values for the combat condition are comparable with
thoée Fo@ the cPilsing conditien.

I-D. Characteristics of the elevator control in landing

3 The resulta of Lests toldetermine the ‘eleve for
deflection required for landing are shown in figure 22,
where the elevator deflection at the time of contact is
plotted against éenter—of—gravity position for a group

of three-point landings. It is seen that the elevator




= 9 =

|
|
|
|
|
|

power is sufficient to execute three-point landings with

the center of gravity as far forward as 21.5 percent of

the mean aerodynamic chord, No perceptible difference

inelevator fequirements is evident between flap deflec-

tions of 50° and 35°. (

The elevator deflections noted are about g greater /
than those required to stall at altitude in the same
condition.,

2. The stick forces required to make three-point

landings were well below the upper limit of 35 pounds

recommended in reference 2. A typical landing history
(fig. 23) shows a maximum stick force before contact of
20 pounds. This value, which cofresponds te a trim-

tab setting of 10° tall heavy, could be reduced somewhat

by further trim-tab deflection,

|
\
\
I-E. Characteristics of the elevator control in take-off {

The elevators were adequate to raise the tail or to /
adjust the attitude angle as desired during take-off after }
approximately one-half take-off speed was reached. This ‘
conclusion is based on pilot's observations. Figure 2L, a ‘
time history of a typical take-off in which tLg tail was ‘

raised quickly, is presented as a matter of interest to ‘

indicate the control movements required during the take-off.
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I-F. _Trim changes dué to power and flaps

1. Trim changes due to changes in flight condition
or airplane configuration aré shown in table III. These
changes in elevafor angle and forces are given for 120
miled per hour oniy. All wvalues in_tabieil¢are for
approximately the same center-of-gravity pbsition. It
may be geen from the static stabilﬁty éurves (£lpgss 10
through 13) that these'changes'will differ for! other
speeds. In most cases, however, the changes due to
change in flighﬁ'condition are .small, coming well within
thie “upper limits recommended in,referenée'2.

A change in longitudinal trim, amounting to 0.8°
of up-elevator deflectlon, resulted from opening the
side windows of the cockpit enclosure, ‘

.The effectvof varying - the radiatqr scaép position
was also investigated; as shown:in table. TILTL,0 the
resulcing tfih changes were small.

I-G. Characteristics of longltudinal trimming Geyice

B To deternine the power of the elevator trim”
tabs, measurements were made of the elevator forces'!
required fof trim with several different trim-tab
settings and at several speeds. . The'results are shown
in figuré 25 where the change in stick force per degree
trdm-tab deflection is plotbed dgainst airspeed for four

flight condltions, Combining «these data with ‘thie
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-static stability data of, figures 10 through:'13, it is

evident that the power of the trim tabs 1s .ample to
satisf'y the requirements of reference 2 with the center
of gravity as far forward as 2li.5 percent of the mean
aerodynamic chord, the most forward position at which
pests were made.. For example, in the landing condition
it is possible to trim the airplane between 120 percent
and 1l:0 percent of the minimum speed and in the cruising
condition. the airplane could be trimmed at all speeds
above 120 percent of the ninimum speed.
2. Unless changed manually, the trimming device

would retain a given setting inderinitely.

Lateral Stability and Control
II~A. Characteristics of uncontrolled lateral and direc-

tional motion
Le e chépacteristics of control-free lateral

oscillations were determined by trimming the airplane
for straight laterally level flight at each speed and
flight condition and then quickly deflecting the rudder
and releasing all coﬁtrols. Records were taken of the
variation of rolling, yawing, and pitching velocities,
sideslip angle, control forces, and control positions in
the resulting oscillations. These measurements were
taken at several airspeeds between 91 and 243 miles per

hour.,
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The variation of the period of the lateral oscilla-
tion and of the number of cycles ‘to damp to one-half
amplitude for the cruising, gliding, and landing condi-
tions are shown in figure 26. Pigure 26 shows ‘that
the lateral osqillation is damped to one-hdlf anplitude
in less than one cycle for all conditlions tested, meeting
by a considerable margin the requirements of reference 2
that the oscillation damp to one-half amplitude in less
than two cycies.

2. No records were obtained of the oscillations of
the ailerons followipg an abrupt deflection and release
of the cdntrol, buﬁrpilét's observations indicate EHat
the motionslare satisfactorily damped.

5; Due fo'friction in the rudder-control ‘system,
the rudder failed to meet the requirement that it return
to the trim position following an oscillation of the
control induced by abrubt deflection. This character-
istic is illustrated by figure 27 showing typical time
histories of the motions following abrupt rudder kicks.
When the rudder was released following the kick it came
to rest, under -the influence of sideslip, at a different
position than trim and was held there by friction. This
effect was more pronounced'at low speeds where the aero-
dynamic forces tending to return the rudder to its

trim position were less than at high speeds, and as a
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resul.t the airplane failed to retufn to straight flight
following the oscillation.
IT-B, Aileron~control characteristics

The alleron~control characteristics were obtained
by recording the airspeed, rolling velocity, aileron deflec-
tion, and stick forces as the allerons were deflected abruptly
and held, with the rudder held fixed. The results for the
cruising conditlion are included with the results for the
landing and combat conditions in figures 28 through 30 and
in table IV.

Figures 28 and 29 show the variation of aileron
effectiveness as defined by the parameter pb/2V, and of
aileron stick force with control deflection at various air-
speeds. Filgure 30 is a summary curve showing the maximum
values of pb/2V obtainable at each speed and the corresponding
8tlck forces:. Where the stick forces exceed 30 pounds, the
maximum value recommended in reference 2, the values of
pb/ZV for a %30~pound stick force are also shown. The
relative effectiveness of the alleron controls in each
flight condition 1s compared in table IV.

The results of these tests may be summarized as
follows:

1. Throughout the speed range, the maximum rclling

velocity obtained by abruptly deflecting the ailerons

varied smoothly with the aileron deflection and was
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approximately proportional to the aileron deflectlon...
This 1s shown by.the 1linear variation of dileron
effectiveness on rigures 28 and 29.

2. ‘The'rolling acceleration following an abrupt
alleron deflection was always in the correct direction
and no lag in the development.of the rolling moment was
evident.,

LTS For'eVAIuating the aileron effeétiveness the
helix angle pb/2V, in which p is rolling velocl.y in
radians per secoﬁd,‘ b, Is the span in feety &ndr "V 4a
the true airspeed in feet per second, has Eeen used as
the criterion (reference'B).

Except in low-speed rolls to the left in the combat

condition,: the ‘allerons falled to meet the requirement

that upb/EV of 0.07 be obtainable. In'this ‘éne

exeception the value of 0.07 was obtainéd;only because
of the off—center'tfiﬁ position of -the &ilérons, and for
the same reason they were correspondingly deficient in
right rollss At'higher speeds, as the trim posltion
of the ailerons approached the neutral »nosition, the
maximum values' of  pb/2V in right and left rolls
approached each other at values less than 0,07,

In.the cruising conditlon, an average value'of
pb/2V of 0,055 was the maximum achleved; at high speeds,

due to stretch in the control system, the available



aileron deflectlon and, accordingly, the maximum pb/2V

‘obtainable were considerably reduced.

For all conditions tested, the variation of pb/2V

with control deflection remained essentially constant

‘except at the lowest airspeeds; there, a marked reduction

in effectiveness per unit control deflection was noted.
This reduction appearsd due largely to the comparatively
large values of sideslip angle that occurred at the time
that maximum folling velocity was reached, The effect
diminishéd rapidly with increasing airspeed.

In table IV the relative effectiveness of the ailerons
for the cruiéing; combat, and landing conditions are com-
pared at two airspeeds.

The deficient power of the ailerons was due mainly
to the limited deflection range of the gurfaces. The
results of tests of'beveled trailing-eage ailerons with
increased deflection range are given in reference 1 and
show a definite improvement in alleron characteristics.

h; As shown in figures 283 and 29, the variation of
aileron-coﬁtrol fofcg with aileron deflection for each
condition tested was a smooth curve.

At low speeds and small deflections, particularly
in the lénding condition, the stick forces were of small
magnitude (in some cases less than the frietleon force

measured on the ground), and the ability of -the control
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to center itself appears from the data to be doubtful.
lowever, since the pilots repbrted the controls to be

satisfactory in this respect, it is likely that values

of friction measured on thé ground were not realized in

flight -and the control was actually self—centering.

The effects of flexibility in the aileron-control
system are indicated by the progressive reduction in
deflection of the control suffaéés Rorta given.stick
deflection with increasing stick forces. This is best
shown by the variation in'deflection of thé end points
of the curves of figures 28 and 29, ail of which corre-
spohd to full stick deflection; departures from s
trend are due to changes in the trim positions of the
allerons. |

5. Aileron stick forces were excesslve for iafge
deflections in high-speed flight. In figure 30 it may
be seen that full control'deflection could be obtained
with the recommended sﬁick fofee of B0 poundsvonly

below approximately 220 miles per hour in the combat

. condition, and below 210 miles per hour in the cruising

condition. Por- higher sheeds, a 30-pound stick-force

.1limitation results in a decrease in the values of pb/2Vv

obtainable as ‘shown in figure 30.
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.. JI-C. Yaw due to ailerons

The. maximum angles of ‘sideslip developed as &a result
of .full ‘aileron 'deflection in the critical low-speed condition
were as follows: ecruising; 16.&0; combat,rlﬁo; and landing,
power .off, 1l.0°, . The requirement of reference 2, which states
that less than 20° should be developed in full aileron rolls,
rudder fixed, . was therefore met in these conditions.

It:ds o dnterest. to notesthat, 1f the alleron effecs
tiveness were increased to values that are consldered desirable,
the .sideslip developed in dgilerocn rolls would approach the
specified limlt of '20°..

II-D. . Limits of rolling moment due to sideslip (dihedral
effect). .’

1. The rolling moment dué to sideslip was measured

by recording ‘the aileron - angles required in steady side-
et Silins ., The pesults ‘ere pressented in: figures -3 through
5% inclﬁsive; The: rudder,-elevator, and .right alleron

position, anglé of bank, and alleron and.rudder frrcas are
iplotted aa fusictiong of-the angle of -glidegllp. fne
dihedral effect. was positive in most of the conditions.
Negative dihedral effect wasg, however, encountered. in
:power-on ‘sideslips to the left at low speeds (figs. 31,
22, and 37). Thisg instability is probably due in part

to an unsymmetrical distribution 5? the propeller

slipstream over the wing. With power on at low speeds,
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the slipstream over the right wing may be considerably
higher than that over the left. As the angle of side-
8llp inecreases to the left, the slipstream movesbfarther
out on the right wing, thereby increasing the left
rolling moment.

In the cruising condition, there was little varia-
tion of dihedral effect with airspeed at small angles
of sideslip as shown by the data in figure 39,

2. The varigtion of aileron stick force with angle
of slideslip as determined in steady sideslip wasj; 1in all
céges, small, the foreces rarely exceeding L pounds.

In the flight conditions where the aileron deflections
indleated negative dlhedral effect, the stick forchbs
also indicated negative dihedral. Because of the small
magnitudes of the stick forces associated with negative
dihedral effect, this characteristic was not ‘considered
ob jectionable by the pilots,

Isolated points, where negative dihedral was indi-~
cated by the stick force but not by the alleron deflec-
tion, may be noted; but again the actual magnitudes of
the forces were very small {less than the wvalue of
friction as measured on the ground).

3. The rolling moment due to sideslip was never
great enough to cause a reversal of rolling velocity as

a result of yaw due to aillerons, although at low speeds
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(as noted in paragraph TI-B-3) it resulted in perceptible
reductions in the alleron effectiveness.
TI-E. Rudder-~control characteristics

1. The rudder control was sufficiently powerful
to overcome the adverse aileron yawing moment. In falsl
conditions tested, larger angles of sideslip were obtained
with the rudder (figs. 31 through 28) than would be
necessary to counteract the maximum yaw due to ailerons
developed in full-deflection aileron rolls. Possible

xceptions are indicated by the results of a series of

rolls made to the left at 90 miles per hour in the landing
condition with partial power where the records were
stopped before the airplane attained its maximum angle
of sideslip or maximum rate of roll; no conclusion
regarding the power of the rudder to combat adverse
aileron yaw can therefore be drawn for this condition.

2. As 1ls indicated 1n 4lve time histories of &

typical landing and take-off (figs. 23 and 2l), the rudder

YN

was sufficiently powerful to maintain directional control
Fopr these maneuvers. The rudden effectiveness was also
considered adequate for satisfactory ground-handling.

3. Spln tests were not made, but during the stall
tests the airplane several times rolled off into an
incipient spin; in every case the rudder, in conjunc-

tion with the other controls, easily provided the forces

neceasary for recoveny.




II-P. Yawing moment due to sideslip (directional
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li, The slopes of the rudder position and force
curves, shown in figures 31 through 38, indicate that
the airplane meets the reguirement of reference 2 that
right and left rudder forces should always be required
to hold corresponding deflections from trim.

5. In none of the conditions discussed in the
nreceding four paragraphs did the required rudder «forges
exceed 180 pounds, thereby meeting the requirements O
reference 2. = Figure 39 shows the variation of rudder

force per degree sldeslip with airspeed,

stability)

1. As is stated under paragraph II-C, the maximum
angles of sideslip developed in aileron rolls withk
rudder fixed in the critical low-speed conditions were
less than 20O and hence satisiied the requirement of
reference 2,

2. The vawing moment due to sideslip was such that
the rudder alwajs moved in the. correct direction, that
18, to the right in left sideslips, and vice versa.

From figure 39, showing summarized results for the
sideslips in the cruilsing condition, it may be seen that
the directional stability is of ‘reasonable magnlitude,

nearly 1° of rudder deflection being required per degree

sildeslip throughout the speed range.
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%2 It may - be seen in the sideslip charact riatic
curves (figs. 31 through 33) that the rudder: force
increases in the correct direction with sideslip &angie

for all eonditlions. Th
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will tend to return to 1ts trin posliion If the vyudder

is released: the effects of friction in the rudder-

control system would prevent an immediate return to

Reversal of the rudder forces was not encountered
in any of the sideslip tests.

lis Although no requirement has been established in
reference 2 regarding permissible rudder-force variations
with airspeed, several cases have recently been encountered
where this force variation has been objectionably high.
Teats of the XP~51 indicate it to be faiprly satisfactory
in this respect; the measured values of rudder force being
as follows:

a. With the rudder force trimmed to zero ap

an indicated alrspeed of 220 miles per hour with

rated power, the alrplane can be dived to 400 mlles

per hour with a rudder force of approximately 50

pounds., Cutting the throttle at L0O miles per

-
hour requires a rudder force of about 100 pounds.
b. With the rudder force trimmed to zero at

an indicated airspeed of 160 miles per hour with
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rated power, a force'of 100 pounds 1s required at

100 miles per hour. Cutting the throttle from

this céndition requires a force of about 175 pounds.

1T-G. Cross-wind force characteristics

The variation of cross-wind force with sideslip
was always in the correct direction as shown by the angle of
bank required to hold the airplane in a steady sideslip
(Efea, AL Ehrough 38). The side force gradient of the
XP-51 was slightly smaller than that of any pursuit-type
alrplane tested previously. |

II-H. Pitching moment due to sideslip

The pitehing moﬁént due to sideslip is shown by
the variation of elevator angle with sideslip angle in the
steady sideslip tests (figs. 31 through 38). In all con-
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