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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
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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.



PR

5

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
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|
|
|
|
|
|

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-
ditions of flight, the pitching chargcteristics in sideslips
were desirably small and in substantial compliance with the
requirementamgof reference 2. In all conditions of flight
except the gliding condition, less than 1° change in elevator
angle was required to maintain longitudindgl trim at 110 per-
cent of the minimum speed when the rudder was moved 50 right
oR tillelfics Brom d1ts "trim position. The actual deflections

required were of magnitude coniparable with those noted on

airplanes of similar type.
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II-i. Power of rudder and aileron trimming devices

1. The rudder trim tab was sufficiently powerful
to reduce the trim forces to zero at any alrspeed from
120 percent of the minimum speed to the maximum speed in
the crulsing condition, thereby satisfylng the require-
ments of reference 2. While the power of the tab was
not investigated Specifically, it appeared adequate to
the pilot under &all conditions,

The aileron and rudder forces required for trim for
all conditions of flight may be- found in the static
stability curves (figs. 10 through 13, inclusive); the
aileron trim tab was neutral for each condition while
the setting of the rudder trim tab is noted.

2., Unless changed manually, the trimming devices
would retain their‘settings indefinitely.

Stalling Characteristics

The stalling characteristics of the airplaneywere deter-

mined in the gliding, cruising, landing, climb, wave-off, and

take-off conditions of flight. In general, these conditions

were investigated wlth the following arrangements:

1. Wing and fuselage gun ports covered with doped
fabric (clean wing)(figs. 2 and LO).

2., Two 20-millimeter-gun mock-ups installed in
each wing, and fuselage gun ports covered with doped

fabrlc, Two types of fairing were tested on the




20-millimeter guns (figs. Lj1(a) and L1(b)).  (8ince no,

gifference in stalling characteristics could be deter-

mined between the two fairings{ the following discussion
will be considered as applying to either.)
3.. ¥WWing and fuselage .gun ports open.

The tests were made by taking continuous instrument
records as the airspeed was decreased while the wings were
held lateréllY‘level. - Observations were made of tufts
fastened to the upper: surface of both wings. At el it si
sign of .the stall, the eonltrols were, in some caseg, rixed:
in other cases the elevator control was pulled farther back
while either the rudder or aileron control was used inde-
pendently in an attempt to maintain aAlevel bt Gldes
Stalling speed was taken as the speed at which pronounced
lateral instability was encountered.

Time histories of several typical stalls are presented
in figures_li2 through 55, and are discussed in the following
paragraohs‘. Stalls were made with the center of gravity in
both forward and aft positions, but,since no diffferenececlcomlc
be detected in the stalling characteristics, this factor is
nen: ineluded In the diseussion.

Values of maximum 1ift coefficients, hased on data
obtained in the stall tests, are presented in the rollowing

table. These values were determined from tests in the

various conditions wherein the approach to the stall was
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very gradual and are not in general consistent with the
minimun speedé shown.in the time histories of stalls presented
in figures L2 through 55. For the stalls shown in these time
histofies, there are several cases where the approach to the
stall is too abfupt to permit use of the data in calculating

maximum 1ift coefficients for steady flight.

Maximum

Plight condition Wing condition 11ft coefficlent
Gliding clean 58l
Gliding 20-millimeter guns Log
ruising ciean’ Bt
Cruising 20-millimeter guns 1.6
Landing clean do)
. Y . 0
Landing 20-millimeter guns 1ol

- Take=-off Run out .of rudder béfore minimum speed

Wave=-off was reached

Gliding condiblon. - All stalls in the gllding condition

of flight were characterized by a brealdown of the airlflow
along the trailing edge of the wing, extending over the middle
half of each semispan. As the speed was further decreased,
the air-flow breakdown svread spanwise and forward, the
extent of the breakdown being somewhat greater ov!'tﬁw right
than over the left wing.

In the clean-wing condition, the stall was first egvidenced

as a mild right roll which was easily corrected and hardly of

o
ct

sufficient magnitude to serve &as all warning. B
ignoring this warning, the stick was moved & little farther
back while holding the other controls fixed (fig. L2), a mild

left roll would occur followed by a rapid right roll which

developed into an oscillatory spiral.,



Control could be maintained successfully by means of
the ailerons alone (fig. L3) until the stick had been puliiee
back approximately 2 inches from the position at the stall.
At that time an aileron reversal intended to check a roll
resulted.only in an increase in rolling acceleration.

Use of the rudder alone to maintain control (fig. L)
falled to prevent the airplane from rolling to the right,
although it did hold the rate of roll to a small value.
With the stick somewhat over 2 inches aft of the stall posi-
tion and the airplane at an angle of bank to the right of
about 60° (according to the pilot's observation) the airplane
suddenly snapped over into a spin to the left. Recovery
was immedliately effected by relieving the elevator and
reversing the rudder and ailerons.

With the 20-millimeter-gun mock-ups installed, the
initial warning roll, which occurred at about the same speed

s that for the clean wing, was again to the right and was

o)

accompanied bj a mild tug on the stick to the right. The
succeeding left roll was considerably slower than the corre-
sponding right roll for the clean wing even though the
elevator control was moved farther back (fig. L5).

Attempts to control the motions in the stall by use of
the ailerons and rudder independently gave results similar
to those for the clean wing. Apparently because of the

difficulty in coordinating sideslip and bank experienced in
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the particular run, oscillations of fairly large amplitude
were noted when the rudder was used alone. As shown in
figure U6, however, it was possible by the use of both
ailerons and rudder to control the airplane for some time
with the stick full back. It should be neoted in this connec-
tion that the condition of elevator full back may not always
be the most critical from a control standpoint. Experiences
with other airplanes indicate that in some cases control may
be quite difficult just beyond the stall, but when the stick

is moved full back a fully stalled condition 1s attained which

fote

s more stable laterally and hence easier to control.
Figure l|7 shows a typical stall in the gliding condition
with the gun ports open,
In all cases recovery from the stall could be effected
promptly by moving the elevator control forward.

Crulsing condition. - The first evidence of flow break-

e

down in the cruising condition with the clean wing was noted

at the root of the left wing, As the speed was further
reduced, the alir-flow brealdown spread spanwise aléng the
trailing edge of both wings and then forward near the wing
Tips .

The imminence of the stall was indicated by a light
aileron snatching and a mild roll to the right. ATglipght
further movement of the stick back_caused a' faster roll-to
the right (fig. [;8) which was checked.when the stick was

eased forward.




As seen in figure 19, control beyond the stall was
effeetively. maintained for some time by -the use of allerons,
aided somewhat by inadvertent use of the rudder. Because
of lag in the applicatien-of rudder, a conslderable angle of
bank was achieved before the rudder, applled alone, reversed
the Pell (fig. 50).

With the 20-millimeter-gun mock-ups installed the initial
left-wing root stell was absent, but the general progress of
the air-flow breakdown over the wing was similar to that of
the clean wing. Also, in addition to the salleron snatehings
a mild buffeting of the tall was noted before uncontrolled
motions ensued. The initlal mobtlons in the stallswerews
mild lateral oscillation which gave way to a violent roll-off
only after the elevator control had been pulled about 2
inches farther bacl BT T T At this point the rudder
alone was ineffective in preventing a spin break although it
did reverse the direction of the break (rfig., 52).

With the gun ports open, the stalling characteristics
were approximately the same as those for the condltion with
20-mlllimeter guns. Warning in the form of tail buffeting
existed: and the ensuing motions were very mild.,

Recovery from the stalli or from incipient spins could
alwaya be effected by normal use of the controls.

Landing condition. ~ In the landing conditlion with -the

clean wing the air-flow breakdown spread abruptly over nearly
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all the right wing and the tip of the left wing. No warning
was noted before the airplane rolled to the right, slowly at
first, but at an increasing rate as the stick was movec back.,
With the lateral controls fixed, the roll developed into a
tupn sl Tig . 5%) . By the use of either rudder or aileron
control it was possible to check and correct the slrplane
movement, but such control was possible only for & limited
time, after which the airplane tended to roll violently.

With 20-millimeter-gun mock-ups installed, the flow
breakdovn started at the ailerons on both sides at about 5
miles vper hour above the stalling speed. The stall moved
forward over both wings near the mid-snan points, progressing
farther on the right wing than on the 1eft; In no case was
the spread as great as that of the clean-wing condition.
There was no warning of the stall, but the airplane with
controls fixed rolled slowly right into a spiral of varying
tightness or oscillatory character depending on the elewvator
position (fig. 5L).

By using the ailerons, it was possible to maintain con-
trol for a considerable period of time with the stick almost
full back. The rudder was also effective in malntaining
control, but because the rudder controls the motions indirectly,
that is, thr>ugb coptrol of the sideslip, the movements of the
airplane in the stall were more viclent than were those experi-

enced with alleron control, By the use of both ailerons.and
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rudder, control was maintained successfully and the lateral
motions were held to small amplitudes with the stick full
baek,

With the gun ports open, the rlow breakdown was confined
to the inboard half of the right wing and was characterized
by no warning and a very mild and easily controllable roll-off,

Wave-off condition., - In the wave-off condition a very

mild lateral oscilllation began just.beforé the rudder and
ailleron deflections required for trim reached their limits
of \travel., Depending on how well the rapidly changing trim
requirements were followed by corntrol movoments, the alrplane
would then either continue to gscillate mildly in a turn
agalnst the controls (fig. 55) or rell off rapldly to the
left, Maximum rudder deflection was reached at airspeeds
above the stalling speed.

Similar characteristics were obtained in stalls with the
20-millimeter-gun mock-ups and with the gun ports open.

The lightening of rudder-control forces as the stall
progressed is8 a characterlstic feature of the stalls in this
condition,

Take-off condition, -~ The characteristics in the take-

off condition were very similar to those in the wave-off
condition.

Stalls in turns. - The stalling characteristics of the

airplane were investigated in 180° turns in the cruising
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conditions of flight, and typical time histories of these

turns to the right are shown in figures iy 169808 20 No
marlized differences in characteristics between right and left

turns could be detectf’»de

No stall warning other than that given by the stick

[

force and position gradients indicated in figure 21 was noted.

In the stall, however, considerable tall buffeting occurred,
as shown by the instrument records,

When the stall occurred the airplane invariably tended
to pitch down and roll, The direction of the initial roll
in the stall was inconsistent and the rate of roll varied

with the wing condition; that is, with the clean wing (gun

ports covered) and in right turns with the 20-millimeter-gun

"mock-ups, the roll-off was into the turn and much faster than

it was with the gun ports open and in left turns with the
20-millimeter-gun mock-ups.

In general, the motions of the airplane when stalled
under accelerated conditions are conaidered to make the air-
plane unsatisfactory as a gun platform in this region of
flight, but, nevertheless, the stalling characteristics com-
pare favorably with those of other modern fighters,

CONCLUSTONS

As a result of flight tests, the following conclusions

may be stated regarding the flying qualities of the Nerth

American XP-51 airplane;:
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1. The short-period longitudinal ose¢lllation dlsap-

p‘ared within one cycle in all conditions tested.

2. The airplane had positive longitudinal stability

‘e

forward of the following center-of-gravity positions for the

conditions noted:
Stidck. Pixed, ; Stick free,
Might: eendition . ... _percent M,A,C. : percent M.h.Cs
Cruising ~ 20.8 3045
1
Gliding 3.2 Bl iy
Landing i3 P %2 S
Climbing 20.6 2045

3. As determined from steady turning flight, the
longitudinal-stability characteristics in maneuvers were as
(&) P
al

follows for the cruising condition of flight:

Stick motion ¥ equired to

Center-of-gravity stell from Op. = 'Q.2y. . Stick-force
position, inches travel of sradient,
percent M.,A.C, i i top of stick : I pene
25.5 2.1 8.3
28.9 B.d L.

li. The elevator control was adequate for take-off and
landings with the center of gravity as far forward as 21.5

'y

percent of the mean aerodynamic chord.

= o e longl tudLnaW trim changes due to power and flap
variations were desirably small, being less than 6 pounds

~for all conditions tested.

6. The elevator trim tab was sufficlently powerful to

trim the airplane as desired in the various flight conditions.
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~ T. The control-free lateraloscillations demped.to one-nalf
amplitude within_dne cycle for all conditions tested. Nb
tendencies for the rudder or alleron controls to osclllate
wepe‘observed.
" ‘8. Because of limited deflection range, the aileron
cﬁntrol did not meet the effectiveness requirements for speeds
up:tQ 0.8 of the maximum level-flight speed. The control
was particularly unsatisfactory at low speeds. Although no
requirements have been set up for lateral control at speeds
above 0.8 of the maximum level-flight speed, it 1s believec
ﬁhat the control avallable in the XP-51 was satisfactory in
the diving-speed range.
9. TFor the available aileron deflection range, the
aileron yaw was everywhere within the sﬁécified limit ofJZOO.
10, The dihedral effect was positive'except in low-
speed sideslips to the left with power on. The negative
dihedral effect was not large enough to be disturbing to the
pmiyotb.

11, The rudder power was adequate to counteract the
yaw due to the alilerons and to malntain directional control
during take-offs and landings. The rudder -forces required
were lesgs than the recommended upper limit of 180 pounds.
The variations of rudder force with airspeed and engine power
in dives to high speed were larger than desirable. The
maximum forces, however, were less than 180 pounds in the

conditions tested.



\ 12. The directional stability characteristics were |

satisfactory. o tendency for . rudder force reversal existed ‘

> 3
o

n any i]* ic condition. :

i e “The pitching moment: due to! sideslip was desirably |
smaiI; il ;' 8 RV ,:»'~':'€H ‘
'1M:"Tbe'p0wer'of the.rudder<and.ailerpnvtrim tabs was {
adeqﬁéte; &8 - | \

o 15; »quu ﬁents for.sétisfaqtofyvsfaliihg Charaéter-

il istiﬁs were met.in all res@ects.excépt for stall warning. :
Tn all conditlons, lateral instability occurred as the first
indication of stalling. In the steady flight conditions,
the' instability was in the form of a mild roll. In the \

i accelerated condition, the instability was in the form of a

lateral osclllation combined with pitching and, although

enough control was avallable [lor preventing a complete proll
off and change in direction, it is thought such motions would
make the alrplene unsatisfactory as a gun platform in this
region of flight. In spite of these characteristics, it is
considered that the stalling characteristics compare fevorsbly

LA ALY

with those of other contemporsry fighters.

Langley “emorial Afronautical Laboratcry,
National Advisory Committee for heronautics,
. Langley Fleld, Vas, april 13, 1S4%.
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TABLE. 1

CONTROL FRICTION FORCES, XP-51 ATIRPLANE

=
i

LAS measured on ground with no load on surraceé]

s : 4 1
Control Elevator Aileron Rudder—
Direction . : sl
o Up | Down Left|{Right Left|Right
Near o Near
Ll : 0 0 - 7
Frictional I neutral] 1+ 1.0 tneutral 11 15
force, Lol k1.4
1b Near £l Hear 17 15
max Lrmun o UL TS e S m e 4

LONG

lRudder connected to
tail wheel unlocek

ITUDINAL~-

tail wheel operating mechanism with

ad.

STABILI

TABLE IT

TY CHARACTE

Center-of-gravity positions

Condition

corresponding to neutral
longitudinal stability

selck fixed, Selelt fneen

percent kAT, percent M.A.C.
Cruise /)O.u BOBF
Glide 3)..2 3h‘ﬁ
Landing e S
Climb 30,6 3145
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] Change in Change in ! Change in
elevator elevator Change in|Change in elevator tr1r anple
trim angle |[control force|{ elevator! elevator from scoop neutral
from from angle forltrim angle (partially open)
cruising cruising trim from for 5 to
Condition coneditien, condition, windows |change in
deg; i closed to| elevator ; _ Scoop
120 mph;: 120 mph; windows | trim tab [®C°9P | Scoop closed
C o app;ox. Gl .  APPIEDE. Gpens position, full glgsed, with
2h°9 percent {2l .Y percent deg " deg o el deg deflector
T M.A.C. R down, deg
Cruising 0 0 0.8 up 0.7 0.5 upl0. 2 doun) ==-=->
Gliding 1.6 up Ot Pl ol et o & S = MRS SRR 0.1 down
Climbing 0.2 down 0.3 push® | =~=--- 0.8 U S D R S | ‘e
Landing 1.5 up o8 pRILS | meenna 50 R LA P SRR e
Landing
approach Sroall e 5.5 pull | -=--=-- —== | mmmmmm e | e
Teke-off,
flaps up 0.1 up 2 poin -~ | mrewea =i 8.5 Al o i brcee e
Take-off,
flaps 20°
down 1.1 up 5.3 pull | ------ --- U7 upj--=--====1 ==-eecmo
Wave-off 0.l down Bh gt bt —es e e G o] mecmees







TABLZ IV
RELATIVE EFFCCTIVENESS OF ATLERONS ¥OR 15°
TOTAL ATLERON DEFLECTICN, XP-51 AIRPLANE
S . 3 14h mph 95 mph' A
L R Plpagh o Relative Relative
Pl “n',t. 1Ofl pb effec- pb effec-
SRR RSO0 it 2V |tiveness, 2V |tiveness,
percent nercent
Cruising, Right ]0.0L50 100 0.0%751 100
flaps up Left 060 100 D_‘,)O 100
Combat, Right 0520 115 LOoL1of 108
flapq 20° down| TLeft .0536 116 0L % L s 1
Lending, . Right L0383 85 0315 8Ly
flans 50° down| Left 037 81 .0310 8







999=1







*oueldare 1§

d¥X UBOIISWY YLION JO MSIA JUOJIF Io}IEND-00aY],

g eam3tg







*oueldare [G=d X UBDIISWY YJON JO MSIA JBSI Iojalenb-oody],







L=58%

Ll

<67

~— 141"

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

/0" 6" =Fropeller
¥ diameter

LA T
Figure 4 — Three-view Drawing of North fmeriean XP-51
Airplane



|

Wn'ng <secﬂon A fu'qure 4)

Vertical tail @ec’rion B-B, fiqure 4)

scale

I

e e

NATIONAL ADVISORY

|

‘ : -

| Horizontal tail (section C-C, f(quye 4) COMMITTEE FOR AERONAUTICS
|

|

|

Figure 5.- Typical sections of xP-5i wing and control surfaces.



i

w

IPTALD

|
!

N

IO I/ LY F/

N

77

17

&l
|
|

=g

77
{77

‘i~

Ly

£

1774

|

“J[__M




NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FUSELAGE

WING i
CLOSED~. - . .
N : V‘I
- CLOSED NEUTRA
DEFLECTORS ) J’j: o — ] E———\—-_ J 5,
(in deflected  =_ TN“E-“‘—L—.:?;,»’// Pu e =L
position) e e T ~ e aER . =
el E«ﬁ/\ FULL OPEN J\J___T‘\’
I FULL OPEN
SIDE VIEW, SHOWING ENTRANCE
AND EXIT RADIATOR 5CO0PS
FUSELAGE i
SECTION /
FUSELAGE
—\ / SECTION
CL.0SED
DeFLECTOR T O g
NEUTRAL NEUTRALNg~ — _ —~ FULL
CEOSEDRD — e = — /OPE\‘
_ FULL OPEN N
t\\~5—:::{./ =
FrRoONT VIEW, SHOWING FRONT SCOOP REAR ViEW, SHOWING REAR SCOOP

Figure 8 — Views of XP-51 Radiator Scoop in Various Positions.



sx

il




995=1 :

i 1 le .
Ny EEEE: i e EEEE R % R
3 4 l K “ | 1 ‘* = y,
TR e 3 8 I R
i T § B Hii a| SHREA
_ltlul i EE ! jal WI
T ..
4 > By i ; : N
=~ Q_ 8 88 M
Q [N i :
I& N g o A = ;
s p™ NN - ﬂ aw W Q |
_ - o 1l [ MR
-y 1 ! N e
j ok _ S I B
Y3 | C i e
! ﬂ il &
25 B B t : = . i
4 M . | it \W ‘ !
&R I el
= MM , L , WL F
oy i i W r
B 5 _ i | Ok
zw 3 % R , ;i i BRIEL L
R %_ ) : § -4 i :
Y } | ” < L e oy o
Qo M!l & 9 b2 5 1t W dw . 3
o | i 3 Lo ! & S )
= C o : *u Hr &M“ X A%F%h_ﬂ ||4,Hv nL%LW %\1&1 & o=
y 94 8. ﬁw g
g9 gy B | ¥ M | | X
9 W N y m; : e O ] R o
. = CEE B BERE R SRR R
LLIT | < Ao - Hagaok -t 437 | | Ausis— WI0Gnd T 0L Hsnly

] E VI7Z) R T G e R =7 .Lzemmi_\u&ni 2 i g7
4 ‘ 4 2 T i (
3 o A el O e R, ..;.wm,,ui e 5 B e s Nuhxmm.:“”ﬂn:.mu e o i S il




2
M.W
|
LS
| g
A %_Mlm‘
J N Qo
¥ ) h”c
st AN A [ | 8 W
AR : i
S g | JE| R
~ N 1
) ‘ | : S5
55 MJMJ “ “ i _WH
I * % : ,uh,w 48
GRS ‘ gl B
B R e
[ i 8 ORI : s
w ] Y Y s e i)
3 \w ST H | g8
T 2 N e ! n
RN S 5 -_u m om
B RN SR es 4k
e Nl e g &
i o r i £od m
‘ m ‘HEmE s
R ; i F
73 Bl 7 A &
s & PE (4

Hw4

-{oan |XP-

P




-
—~ 9 %N
TR
I 9
W Q < : 09 I
N | e FEETT
R R N
B T i
SRR of | oy N
N : N / m\
S o\< 18] S
: & T SN
it S i
N
: [ IS
& i w WL £
3 t 8 33 ‘
5 R \u - [ ﬂm i
RS W g
s : o
e N ot N X
O foeit 3 s % um
§ E =
1437 i i S
i | A2
2 Q..i?\_l\.‘_N.vh.ﬁw.\‘,, i i



T
+ : 1
s
CREEEY
5
HA
IEgEisysssianad
t
¥
HHHH
t tH
I
=
o o
R
. u
HH +
e
{masyEaay pradu o
sammgian ¥
T

T
s

Fit

3 SRR SIRRE Sesuaas

T

mamansnunpds

s nanadusunsar ora:

A Sagan

P
H
e
h
4
=3

1

=i

]
i
H

TR

5
£

o

b o 2
i
FHH o=
T n
et T
HH
FEEEEEH 2
i T
aduE -+
Hl - - — —
HH — -+
H : =
== 1 1 et uonuny |
H k: m H
[ H i ™
I
st 5 S o mman as
B i
b } - FEEH
} Hh e b
YESgIFREE: sAS : H
Masagi(3 s L
BT e
HHEH o i
FeEEEHH L B H
PR 5 5 :
¥
rus : i -
es MEARE vt T
HHH T
1 I HEH R
Anualin anl BEEE 5 B
i A H : :
S £ i H i
: HE " tH HHH + s = -
i ] f | i ; H i
- - ¥ T ¥ HH tH a2e 5 £
+ + ra s
H T t HE e & T
E R
3T it HAFEH T s H HEH - v axs R S
H aans ba it . T aans aisass t I i th I TR
‘ 1 - . Al




i
4
. °
: 2
o
- % O
£ -3
; — <%
- : G558 83 <.
; £ g =
M H HHEE {3 1 i ”
a S - RE
@ F
il Ry
: i :
: el
£ O N
k: - rrn”
| e @
i i o L
i 4 :
14 L - : y
; 2
o : ot ot
; b i
., § i lo &
i : - 4 ki
= Lty
. (3 {1 FEL o I o . 5
T i T i) i 2 254
n & i i .m - - o w. 5 SIS &
H 2 : L2 : T + et : o £ B0 =)
*‘ 3. o ¢ .4 - T u. n u ﬁoo il
= t 2 3} g 2 E2 o
: A P — O 1
: i : g R
T HEH R m g £
: o =,
i s o
sisaselteseils e 283 & . s
. : - 5 Che
i : o
; i s
i o+« 0
: : : b
: . 3o
5 g H : 3 0 f
2 E ; : b i
: e ; : : m - 0
o o5 : : |
o 3 7o
L)
%"ﬂ EQd
g
; - &
g’ e .
M 5 — 02 R .
- e B
: : i :
: ; : 1707 i °
: e ummm . 3 i uAOd Gowam.nc &
5 3
T us e : e
y at : S (318ur d7TSeDIS i oss ged UBTP e L
i ‘ i { ‘L 100ToA aeTnBUV e,
-cQuuﬂmom TaI3uo0) 20J0J TOJ43u0d . I i
o (EESd I8 riatepiig i PS8 FRY (901 oo 2 H




Figure 15. - Time history o a ra

Rudder

Nax, deflectionf
Elevator

Elevator
Rudder

Elevator

Ailleron

Anguler velocity,
radian per sec

i

To
Right
Forward

Accelei-atv;i'blri‘,' i
ngt

:imh
i

Indicated
alrspeed
mph

per hour, cruising
Gun ports covered,

Longi tudinal

1% i6 T
condition. Center of
XP-51 airplane,

Right aileron




Afleron

Right

Up

radian per sec

.Down

Left

Kase

Indicated
airspeed,
mph

Pigure 16. -

‘Time history of & rapid 180° turn to the righ
hour, cruising condition.

Gun ports covered.

XP=51 ai

R = T
! Time, sec :

plane.

t started at 16< milfs .er

Center of gravity at 28.4 percent M.A.C.

T=20Q




L=566

>
)
2 o
=)
@
o
a
&0
~ @
°d
L gL
g8 Fw
o o o
O A
- -
ek
=~ -
o o
(v
el
—
o
B g
§ 3%
S &3

Sideslip angle,
deg
Right

Left

>‘.° |
f«on.--i
O wpx
o
—
L]
> o
:..

15 4
ot
ifs
A
=
(€]

“S"

mph

= airspeed, |

T Tndicatedi:

“Figure 17. - Time history of a

Ruddor

Elevator
Allero il
Elevator
Allero Basdsr
it
Elevator
1, Rudder ; i

Max. deflection i
Elevator it
Right aileron

Rudder

S Vaw

i g

e i i

1 Longltudinal [

Transverse
S

“Time, sec [ i

i}
id 1709 turn to the left

1

T :
started at 248 miles rer

hour, cruising condition. Center of gravity at 28.% percent M.A.C.

Gun rorts covered., XF-51 airplane.




deg

‘Confrbl position,

Down
Left

t

Up
R1

Angulsr velocity,:
racian per sec

Down
Left

Up

"E"

Acceleration

TE]
53

Tndicated
airspeed
£ nph
i

EHTTH

3 k< i+ Time, sec

Pigure 18. - Time history of a rapid 1809 turn to the right started at 214 miles per
hour combat condition. Center of gravity at 25.% percent M.A.C.
Gun ports covered. XP-51 airrlane.




L=566

. _deflectioniii

dder::
i B Elevgfor
] S <
10 )
-l é,l.b-. 2 v
o o
il ool Alleron Right Ailero
g O
48 Elevator
~
&
e 28 .Alleron i Riddes
3] © it i i
o -
) 5
: B Elevato g i
THEH P i3 T
— e - Rudder i1 i T
e woh i T
i g r4§§ S it i
i a En’ Elevator T
g o i f
] El Right
FREE aileron
5 ge # ;
1S &S % Rudder. | i
i : i © liH 5
3 T i & i3 R
+ 1] 23 83 83 2 £3 13135
: B
Sideslip angle it
FHEH i
'I. 33
i i
HE HE H
[
PO
J+ ©
O o
10
155 D
T 0 o 3
i ] T
g
it Roll
sSggEe
@
gu oo
S _an
iz ¥
HE i o,

Normal

i Transverse i

E I

Alrsgpeed :

Indicated
airspeed,
mph

i Time, sec ; L
Figure 19. - Time history of a rarid 180° turn to the right started at 233 mlles per
hour, combat condition. Center of gravity at 28.3 percent M.A.C.
Gun ports covered, XP-51 airplane.

-




fMax. deflect!on
B :

)
- Rudd
tiElevator .

Right

Up

rol bositi on,

-

Con

i )
Elevator:
Rudder <

|Control force,

Sle:
‘deg

an

it Sides}t p?

radian per sec

Dovn

Left

{ Angular velocity, :

B

ec.l

&5 31

hE

i ! - BAE it
i Time history of a rapid 180° turn to the righe startéd st 189 mi
H Cruising condition. ' Center of gravity at 24.5 percent M.A.C. Wing gun ports

open, fuselage gun ports covered, XP-51 air_pla.ne.




1t éq

Via

a

,
-
Hl Y
1837 3z
' 8
ke YR
Ty Bh W E
f &
uE |8
fheiiicd
.1
\: =
{ ;.,1
» o
RER
TaEE
e
™~
B ©
L]




29¢-7




L-566 -

S

i

Control force,
1b
Pull
Right

i
Push
Left

st .
Angular velocity, Siceallpss
radlian per sec

Up

Down
Left

Acéelerati on
ngt

Indicated airspeed,
-mph

Pigure 23, - Time history of three-point landing of XP-

ime,

sec

i
51 airplane.

Elevator trim tab set at
+ 100, Contact made at 8l miles per hour with elevator 22° up. Center of
gravity at 24.0 percent M.A.C.



>

Control position

Pull
Right

1b

Left

Push

-
o
(3]
£
o
L]
—
o
£
-
=
o
(&

Angular velocity,
radian per sec

. Up
Right
Forwurd

Acceleration
gt

Indicated airspeed,
mph

Time,'sec

until reaching 110 miles per hour.

r-borne

Time history of tail-high take-off of XP-51 airplane made with flaps deflected
20°; 45 inches of mercury manifold pressure; 2800 rpm; ard not air-borne

Center of gravity at 25.3% percent M.A.C.

SRRy 7 L., S RN S —-




240

L
{

ARA

P

NAHIH

24

¥
Fil

SR

R .

23

Jees S8, S B a

TOG i
| uhs
W
i m
| i




I
i
i
e

¥
Ry
l_k

VISORY |
'FMiu

o !
25.2 Percent

AD
FE_FOR A

et i

—

>

& c

Tirme,

T

i ﬂmm_

r
tion at 243 Miles Per Hour, Center of Gravity at

e .
TR o
i ¥ _‘ 3 =
METE »ﬁm
S R
f n
e i
= = D 0o
i S MA”
=il ot =
= —

LO.

ek

YOI

o,

QL
IR ™

BL

il

ey

D96 =7




ection in

A
Derl

VIONAL] ADVI

EE[ FUR AERDRAUTICS

.o#

4

L, 3 i
Totjal Al

de

e e

i s 16

zfie legtioh,

4

Airpleane,

"

R

B

%

2%

>

a qrcn

Eff detiveness and Forde with

RSN

Aflefon

:a[l

[e)
of

Cpnd thon. | XP=51
z 1

BN BUGgs s T

2
i

e

ez 1

zje — Variatibn

»




A s i .W...“A%«,“ Wh-dx | “Joz| oegoptgeq wdwta | | | | | | | |
i fuoT 3y (x OIOF | ATFIBIIT [UCHS IV, JO WORS WL A 7 oIR8y | |
AT IHET B-K oGl S Ko IR ROk 5 o]t e IET F nmur. v _T:E.o ST
. e s , . Ll 2l ” 50 =l [l ucﬁ 4377 e
TR 0z at ¢ Gt Lo O | (9,188 Q2 Ll bolh-o|- | qe@i ]l g2 3
i i i s et e s ) P i | ; HEEEE iy o
i B SRS m ] I T T = 1 — |
32 | aaa) il | il
4 H 4 LR
SotA i N “ g7 ol
* : : . |

wyrav Az

=
Q
|
|

1

i
]

T

THIH
Pgaxs ERERS 85

=

4

5 o)

BT
-
o [

i
IA




e 3

54

H

99491




MexX. s
deflection]

Up or righthEiis

»
Gy
o
o
1
o
=]
=
o
=]

Left 11p angle, deg' Righ i
Figure 31, - Stesdy sideslip characteristics of XP-51 airplane in.

eruising condition at about 110 miles per hour with
center of gravity at 25.5 percent M.A.C.

i H T i 8 +
i Max, deflection i i :
el T : :
G i i
R
Fa il §
W i i i
O £y 1]
© O i fi t
fon: 1 o a4 23
FHE g9 i Elevator i
i ; i HEH
o 42 i s Right aileron
0 = A 4
oo . i i
i Qo : :
5 :
o o fiidd
(A
B ghE
2 =38
8 8 T
e i i
i i

Right

R

35§ soeerresd TRTY

eft

Angle of bank, deg

{0 4 SgEs:
g s
s

o~

o

(9

o :

i E £

~

TR B r £

e Rudder. force

i O i

o

Teft 3 Sideslip angle, deg#i
Smagascssiesistaca)ozens) sassi

Figure 32. - Steédy side.%iip chaz‘acteristics“of Xf-jl airplane in
cruising condition at about 133 miles per hour with
center of gravity at 25.2 percent M,A.C.

9951 . .




; 3 pe e B - EEE e R B L S e s

T T 3
Max, deflectiont SEitiit bal s
i it
+ i HEEH S
» Ruader - i i
’& .% 33 ; B
ﬂ Iy : L' : i f;:
o 0 Klevator:?: s EGTG H
w g 8 R i + i H
S Alleron kB i i Elevator i i
g8 g% ' -
g o
0 B
3, Bl fiii i :
0 IIO) 5.-)4 s TR ::
24 2 Alleron 5 BL&DT ailer(?f: H i
- H
a8 7S ~ '
g ‘E g S5 g Elevator : :
? RS i
8a Ho A *Ruddeer [ g :
i i
ok
1 L)
4 i it i
™ "g i s :
5 5
g !
5 o T i
o, i aif
* 38
& et
T i
=he
: :3), i
g8
& Alleron forge x 10
o et T
~
2
o
88 Ruader force
o0 ity
o1
ght Left : Ri R

‘ Sideslip angle, o sad 3ideslip angle, deg .
. - Steady sideslip characteristics of XP-51 airplane in Figure 3l - Steady sideslip characteristics of XP-51 airplane in
gliding condition at 112 miles per hour with center : gliding condition at 130 miles per hour with

of gravity at 21;.9 percent M.A.C. center of gravity at 2.9 percent M.A.C.




: Left | 'Sides1ip angle, deg L 1ghtt
Figure 35, - Steady sideslip characteristics of XP-51 airplane in

landing condition at 108 miles per hour with center

of gravity at 25.1 percent M.A.C.

-
=]
o
ot
ey
o
o
o
[=%
-
o
~
L
=]
o]
(&}

Right

Control force,

Left

Figure 36. -

Sideslip angle, deg el

Steady sideslip characteristics of XP-51 airplane in |

landing condition at 136 miles per hour with center|
of gravity at 24.9 percent M.A.C.

__QoCeT o




Control position, deg

Down
Left

Rudder force, 1b

Left

;;8ideslip angle, de

ideslip characteristics of XP-S51 airplane in
7ave Off conditiom at 97 miles per hour with center
of gravity at 25.1 percent M,A.C.

0
°
i
-
=]
o
el
+
-
o
o
P
2
+
.
o

+
&~
L)
~
£
o
g
=
(2]

Figure 38.

Up or rig

- Steady sideslip characteristics of' XP-51 airplane in

wave off condition at 138 miles per hour with center
of gravity at 24.5 percent M.A.C.




degree of sideslip,

deg per deg

g
o
ol
L
©
o
i
&y
©
o
:
2
g
o
=]

force per
degree sideslip,
1b per d

Figure 39.

fric T2 cated g‘lrspd, mph |

- Steady sideslip characteristics of XP-51 airplane
for small rudder deflections at various air-
speeds in crulsing condition with center of
gravity at 25.3 percent M.A.C.

995=1




L-566

Figure 40.- Photograph of gun ports on leading
edge of right wing of XP-51 airplane covered
with doped fabric (clean wing).
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Figure 41(a).- Two 20-millimeter gun mock-ups
installed on leading edge of right wing of
XP-51 airplane.

Figure 41(b).- Two modified 20-millimeter gun
mockups installed on leading edge of right
wing of XP~51 airplane,
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