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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CON¥IDENTIAL REPORT

MIASUREMENTS OF THE TLYING QUALITIES OF A

SUPERMARINE SPITFIRE VA ATIRPLANE

By William H, Phillips and Joseph R. Vensel
INTRODUCTION

The flying qualities of the Supermarine Spitfire air-
plane were measured at the request of the Army Air Forces,
Materiel Command. These msessurements form part of a pro-
gram to determine quantitatively the flying qualities of
many airplanes of different types. Similar tests have been
carried out previously on four American types of pursuit
airplanes and on one British fighter, the Hawker Hurricane.
L comparison of the results of these tests should lead to
a better kaowledge of the flying gualities necessary in a
fighter~type airplane.

The tests were conducted at Langley Field, Va., dur-
ing the period from December 30, 1941 to January 22, 1942.
Sixteen flights and approximately 18 hours flying time
were required to complete the tests,

DESCRIPTION OF THEZ SUPERMARINE SPITFIRE AIRPLANE

s single-place, single~
oplane with retractable
1267 2%ape (Pigha 1, % 3
ons of the alrplane are as

The Supermarine Spiltfire i
engine, low-wing, cantilever mo
landing gear and partial-span sp
and 4). The general specificat
follows:

Name 8nd B¥DO. « « o« o« s s « « s « Supsrmarine  Spitfire VA
(Air Ministry No. W3119)
PR BE ST a a % s s e 8.k v B % Rolls-Royce Merlin XLV

Ratingt
Take=0ff 4 « « « « «» 1170 brake horsepower at 3000 rpnm

ol Al e R S - S S A S SR 1200 brake horsepower at
2850 rpm at 15,500 feet
1w e R 1210 brake horsepower at

2000 ropmn at 18,250 foet
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Wing loadiung, normal gross weight .

Power loading, normal gross weight .,

Over-all height (datum-line level) .
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Wing:
B e i g A b e S e
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Location of mean aerodynamic chord

(approxe.). . . 4.8 inches back

Plhas form. & ', 't C T

Dihedral (leaainw edga of wlag,
Incidence measured from thrust axis:

Booh a5 .
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Wing flaps (split trailing-edg

Hiofioason: o' v 4 & s e le W

Flap BEOH - e gy ren e Wi

ToaVels §ibe . ohd racw i ¥
Ailerons (metal-covered):
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hongth Loadhls » « v o5 iy

Area (total area, each). .

Balance area (each) . . .
Stabilizer (fixed): _

Maxinunesehord: s v « & & s

Aroca (including 2.15 sq ft

Incidence fraom thrust axis

Elevator:.
Rt oy Ul i e

MeZEbmunchorg. s .5 e s w
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L3 . .
- . -
fusela
- - -

. . .

Ares (aft hinge line, except for

hors Balengse] .+ . se s

Trim tab area § 5% i

. - .

Balance area (horn b lqnces) gl
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Rotol constant speed

10. feal, 10 inches

. . . - . . . . » 3

e bw, v Qe d 2k

85 gallons (1mper1a1)
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o o el 2980 pionnda
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Vertical fin:
Area . . . . . . . . . - - . . B . - 4'61 Square feeg

Offset . - . . . . . . . . . . . . . . . . . . . . O

-Rudder:

Pe PELsal BRO. | 1o v oo e I e e B FeBliy. dds dpches
Maximum chord (aft hinge line) . . . 1 foobt, 93 inches

RN MR o v v s oos e ke o m Rt RIS
Balance area (horn balance). . . . . 0.34 sguare foot
SR Rah BTBE T . e we wue s s e v e DBl BAUHES T 00T
Distance from elevator hinge line %o
leading edege of winZ . o o« « » » 4 « 21 feekt, 103 inches
Distance from rudder hinge lin
lepdlne: odre OFft WINL o idmie sl & v 22 feet, 4 inches
Maximun fuselage cross-sectionagl :
area (excluding radintor) approximate 10.8 square feet

e relation betwecen the control-stick position and

Th
the angles of the controls is shown on figures 5 and 6.
Figure 5 also shows the unbalance and friction in the cle=-

vator system as measurcd with the airplanc on the ground.
A sticlk force of 2 pounds %o the right ard 3 pounds to the
lefd was requlred to overcome ailcron friction. The fric-
tion in the rudder linkage varied from 7 pounds near the

neutral position to 20 Dounds near the limits of the rudder

travel,

INSTRUMENT - INSTALLATION

Items measured JACA instruments
.‘ o ot At ) W T g timer

Til’flC . . - . . . L] o. 2 ‘. . *
' . alrspeed recorder

wilrepood: LEN "% wie N

.
Pogitions of tho three control
qUrTACOB & s « s+ o s« o o+ v« » conbrol-position recorder

el m b ve Moed Uy AT Ll B IRE LT e angular-velocity recorder
Normal, loangitudinal, and

istcral acceleration . . . threo-component acceleromcter
Angle ofrdidesllp @ & 'V Wl Wt w e TPecording yaw vane
Anglc of bank or piteh . ... . . . ‘recording .inclinometer
Rudder o olevator foree . . & » % control~force rocorder

- . L] . . . . .

The airspeed rocorder was connectod to a swiveling
pitot~static head, which was frec to“rotate in pitch dbut .
not in yaw, locatcd on » boom extending a chord leangth



ahead of the right wing tip. The yaw vane was lccated at
the end of a similar boom on the left wing tip, as shown
on figure 4. It was believed that angularity of the flow
at this point might cause some error in the reccrded side~
slip angles. For this reason, another recorder was mount-
ed on the right wing tip and the angles of the two yaw
vanes were recorded simultaneously in flight throughout
the speed range under various flap and power conditions,
Because of symmetry of the airplane, one-half the differ-
ence between the readings of the two yaw vanes was taken
to ropresent the correction to apply to each yaw vane,
Thigs corrcction has been applied to all of the recorded
valucs of sideslip angle. These values are therefore
belisved to reprcsent the actuwal angles of sideslip of

the thrust axis: Ths difference between the readings of
the two yaw vancs was sbout 3 with level flight power

and 2 with power off., Thoe vanes showed the flow to be
converging toward the fuselage.

All the recording instruments werec synchroniged by
the timer and the records were obtained photographically.
Blevator and rudder forces were determined by recording
ther tension in the: bontrol cablessn: Ailleron forces wore
measured by means of a visual control-~force indicatorx
that rested againsgt the top of the control stick,

The instrument recording the angular position of the
three control surfaces was attached to the control link-
ages near the cockpit. Tests made on the ground showed
that errors in the recorded angles due to stretech in the
control system were small enough to be negligible in the
case of the elevator and rudder controls., 4 slight amount
‘of flexibility was noticeadble in the aileron system bdbut,
inasmuch as no simple means was available for determining
the error introduced, no correction was applied to:the re-
corded aileron angles. :

ATRSPEED CALIBRATION

The readings of the pilot's meter as compared to the
correct indicated airspeed in the cruising, gliding, and
landing conditiong of flight sre plotted on figure 7.

The correct speed was determined by flying in formation
with another airvlane. The calibration of the airspeed
recorder in the latter airplane was made by the unese of a
trailing airspeed head. he installation of the airspeed
indicator in the Spitfire consisted of a pitot-static head
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located below the left wing slightly ahead of the aileron
hinge, as shown on figurs 4. The installation gave al-
most correct measuremerts at high speeds but showed a
speed about 10 miles per hour too low near mininum speed.
In addition to thies error, the reading was affected by

the angle of sideslip. The indicator read too low a speed
in left sideslips and too high a speed in right sideslips.
This fact was determined by comparison of the pilot's in-
dicated speed in sideslips with that recorded by the pitot
head located on the boom ahead of the right wing tip and
deponds on the assunption that the airspeed head on the
boom was affected in the same way by sideslip to either
side,

I

TESTS, RESULTS, AND DISCUSSION

All of ths flying-qualities tests were made with the
center of gravity at a distance of 31.4 inches behind the
leading edge of the wing at the root, The mean aerody-
namic chord of 85 inches was couputed to be 4.80 inches
back of the leading edge of the wing at the root. The
center of gravity was therefore at 31l.4 percent of the
mean aerodynamic chord. ,Because no accurate drawings of
the Spitfire were available, the calculated location of
the mean aerodynamic chord may be somewhat in error.

The center—of~gravity location with full military
load is not known. The airplane, however, as welghed with
a 140-pound pillot and »ll known items of military equip-

nent except anmmunition in place had a weight of 6014 pounds

and a ccnter-of-gravity location 31,1 inches behind the
leading edge of the wing. The addition of ammunition is
not velievod to change this ceanter-of-gravity location ap-
preciably. The weight of the airplane as flown in the

tests with instruments and bazllast added to retain the de-

sired center-of-gravity position was 6184 pounds,

Longitudinal Stability and Control

Characteristics of uncontrollod longitudinal motion.-
Of the two types of control-free osecillation, only the
short-period oscillabion is dealt with here, as previous
tests have shown that the characteristics of the well-
known long-period (phugoid) oscillation have no correla-
tion with the handling qualities of an airplane., The
dogree of damping of the short-period oscillation was in-

o S



vestigated by suddenly deflecting the elevator and releas~-
ing it in high-speed 1lcvel flight. The subsequent vari-
ation of elevator angle, elevator force, and normal accel-
eration was recorded. A typical time history of this ma-
neuver is shown 1n figure 8., The variation of elevator
angle and normal acceleration completely disappeared af-
ter one cycle, and thereby satisfied the requirement of
reference 1, The oscillation was satisfactorily danmped

in spite of the fact that the mass unbalance of tho-aleva-
tor shown on figure 5 would be expected to reduce the
denping.

The longitudinal handling characteristics of the
Spitfire were observed to be poor in rough air., This be-
havior was attributed to the airplane's neutral static:
longitrdinal stability and relatively light wing loading,
rather than to the characteristics of its control-free
short-period oscillation.

Characteristics of the elevator control in steady
flight .~ The -static longitudinal stability of the Super-
narine Spitfire airplane was measured by recording the
control foreces and positions in steady flight at various
speeds in the following conditions:

e Engine{Flap |Landing-|Radiator-|{ Hood
Condition|Manifold pressure | speed |posi~| gear .shutter |position
(in. Hg) (rom) |tion lposition position
Take-off |[W4 (7 1b/sq in. 2850 | up down open open
boost)
Climbing M4 (7 1b/sq in. 2850 | up up open closed
boost) : :
Cruising | 37.5 (32 1b/sq ind 2650 | up up flush cloged
boost)
Gliding |throttle closed ——— D up closed| closed
Landing
approach|22 (-4 1b/sq in. 2300 ldown | down open open
boost) '
Landing |throtile closed ———— (Gown | dowm closed| open

The results of these tests are presented in figures
9, 10, and 11. The conclusions regarding the elevator con-
trol charaocteristics in steady flight may be sunmarized as
follows:
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1, The stick~fixed longitudinal stabllity in the
gliding condition was neutral, as shown by the fact that
no change in elevator deflection was required -to trin
throughout the unstalled speed range. The stability was
essentially neutral in all flap-up, power-on conditions of
flight except at low speeds, where some rearward notion of
the stick occurred. This cpparent positive stability at
low speeds with power on while still well above the stall
was caused by the elevator deflection due to sideslip, be-
cause some left sideslip was found to occur at low speeds
in straight power-on flight with the wings level. Scatter
of the points in the plotted data may likewlse be attridbuted
to an inconsigtent variation of sideslip angle with airspeed.
The variation of elevator angle with sideslip will be fur-
ther discussed under the subject of pitching moment due to
sideslip, As the curves of figure 1l show, the Spitfire
displayed stick-fixed instability in the flap-down condi-
tions of flight with power on or off, It is concluded thail
in all flight conditions, the Spitfire falled to meet the
reqguirements for satisfactory longitudinal stability stated
in reference 1, The upward travel of the elevator in the
power~off conditions near minimun speed resulted fron de-
creased downwash at the tail caused by separation of the
flow at the wing root. This phenonenon is explained in
the report on stalling characteristics (reference 2).

A ginmilar increase in elevator angle was required in
the power-on conditions of flight near nininun speed. No
separation of flow from the wing root was observed in
these conditions, but the slevator deflection due to side-
slip is sufficient to account for this elevator motion.

It is probable that separation of flow over the yawed fuse-
lage was responsible for the large up-elevator angles re-
quired: in sideslips.

2. In spite of the neutral stick-fixed static sta-
bility with flaps up, the airplane had a slightly stabdle
stick~force variation with airspeed throughout the speed
range (fig. 9). This stable stick-force gradient is at-
tributed to the undbalanced elevator. If a completely
nasg~balanced elevator had been enployed, the stick-force
variation would have becn slightly unstadble, a condition
consistent with neutral stick-fixed stability. In the
flap-down condition with power on, the stick-forecc varla-
tion for the trim-tad setting used was unstadble and, with
power off, the stick-free stability was neutral. If the
airplane had been trinmned for gzero stick force at low
speed, the variation might have becen slightly stable with



power off and about neutral with power on. In all condi-
tions an increased pull forece on the stick was required
near the nininmun spesd. This increased pull force sorved
as a desirablo stall warning. It was associated with the
separation of flow at the wing root and the up-clevator
anglos required at the stall.

3. The friction in the elevator systen was such that
a force of 2 pounds was rcquired to reverse tho notion of
the stick, as shown in figure 5. This friction was snall
cnough that, in the flight conditions where a stable stick-

‘. force gradient existed, the control would return to its

trin position,

The effect of friction is not Bhown on the force
curves of figures 9, 10, and 11, becauss the vibrations of
the airplanc largely clininated the frictional force while
the neasurements were being taken.

4, The limits of elevator nmotion were not reached 1in
steady flight fron the mininunm speed to the highest speeds
tested. Pigures 9, 10, and 11 show that in all conditions
only a few degrees of elevator nmotion were required to trim
throughout the speed range.

Choracteristics of the elevator control in accelorated
flight .- The characteristics of the elevator control in ac-
celeratod flight were deternined fron neasurencnts taken
in pull-ups and in turns. The data obtalned in pull-ups
arc proscnted in figure 12. - Tine historles of reproscnta-
tive turns are shown in figures 13 %o 20, :

The olevator control was found to be powerful enough
to develop elther the maximum 1ift coefficient or the al-
lowable Load factor at any speed. As shown in figure
12(a), less than 5° movement of the clevator was used in
reaching maximum 1ift coefficient in pull-ups from level
flight. In these maneuvers, the elevator was abruptly de-
flected a small amount and then held fixed with the aid
of a graduated tape in the cockpit., In pull-ups made at
high speed; the elevator was always eased forward before
maximum acceleration had been developed, in order to
avold overloading the structure.

" The normal accsloration was observed to increase pro-
gressively ‘with elevator angle, though the range of el-
svator motion was so small that no measurements were nade
of the exact form of this variation. '
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The small elevator travel required to reach maxinum
1ift cocfficient was ovident in turns as well as in pull-
ups. The variation of elevator anglo with 1ift cogffi-
cient in turns is plotted in figure 21(a). Only 3 up-
elevator movement was required to go from level flight at
a 1ift coefficient of about 0.3 to the first sign of the
stall. This movement corrosponds to a stick doflection
of 3/4 inch, This degrce of stability is far lower than
the 4 inches of rearward stick movement roquired in refeor-
cheen 1,

The Spitfire airplane had the unusual quwality that
allowed it to be flown in a partly stalled condifion in
accelerated flight without becoming laterally unstable.
Violent buffeting occurred, but the control stick could
pulled relatively far back after the initial stall flow
breakdown without causing loss of control. With the gun
ports open, lateral instability in the form of a right
ro%l occurred, but not until an up-elevator deflection of
10° had been reached and unnistakable warning in the form
of buffeting had occurred. This subject is discussed
more fully in reference 2.

-

oe

The excollent stall warning made it easy for the pi-
lots to rapidly approach maximum 1ift coefficient in a
turn so long as the speed was low enough to avold unde-
sirably large accelerations at maximun 11ft coefficient.

The excellent stall warning possessed by the Spitfire
was obtained at the expense of a high maximum 1if% coef-
ficient, The maximum 1ift coefficient in accelerated
flight was 1.21, while the average 1ift coefficient through-
out a stalled turn was usually about 1.10.

In turns at speeds high enough to prevent reaching
maxinum 1ift cocfficient because of the cxcessive acceler-~
ations involved, the small static longitudinal stabllity
of the Spitfire causcd undue sensitivity of the normal
scccleration to small movements of the stick, As shown
by the time histories of high-specd turns (figs. 15 to 18),
it was neccssary for the pilot to pull back the stick and
then ease it forward almost to its original position in
order to onter a tuvrn rapidly without overshooting the de-
sired normal acceleration, Although this procedurc ap-
pears to come naturally to a skillful pilot, flight records
from other airplancs show that a turn may be cntercd rapid-
ly and the desirocd normal acceleration may be held con-
stant by a single rearward motion of the stick provided
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the static stability of an airplane is sufficiontly large.
By eareful flying, the pilot was able to make smooth turns
#t high speed, as shown by figures 17 and 18; Ordinarily,
however, small movements of the stick causcd aprreciable
variations 1n the normal acceleration, as shown in figures
15 and 20. '

The variation of stick force with normal acceleration
tn turns is plotted in figure 23(b). The stick-force gra-
dieat of 5.0 pounds per g was considered a little %00
light by nost of the pilots. It is lower than the value
of 6 pounds per g rocomnended as an upper limit in ref-

"erence I, Inasrnuch as the elevator nass unbalance under

static conditions gave o force of 4,0 pounds on the stick,
it is apparent that the silick forcs reoguired in acceler-
ated flight came almost entirely from the statically un-
balanced slevator. Practically no stick force would be
reguired in turns if the elevator were Iass balanced.

Trhis suggests that the .airplanc would appear definitely
unstable in turns if the clovator wore nass balanced, as
is roguired for fluttcr prevontion on Arorican pursuitb
alrplancs,

The stick-force gradiont measured in pull-~ups, shown
on figure 12(b), was in good agreement with that obtained
in turns. The motor would cut out when negative scceler-
ation was.experlenced in the push-downs required to re-
cover from. these pull-ups.

Cheracteristics of the elevabor control in landing.-

The -average elevator -angle required to make a three-point
landing was about-s.gp up with respect to the thrust axis.
The elevator angles used at contact in individual landings
varisd over a range of 10°%, partly because tall buffeting
caused the elevator to oscillate and partly because the
pilot had continually to apply correctiong to the angle of
pitch of the airplans because of the lack of longzitudinal
§tability in the landing condition. The elevator angle
required for threc-point contact was always well within
the available range.

The average value of the elevator angles used in
three~noint landings was 120 higher than the olsvator an-
gle required to reach the minimunm speecd in a gradual
stall $n the landing condition at altitude. The airplane
could be flown, however, in a partly stalled condition at
altitude with the stick full back. The reduction in down-
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‘0of the flow at the
that due to ground

wash at the tail ‘caueed by separation
wing root was probadbly combined with
cffeet in the three-point landings. A time higtory of a
three~point landing, shown in figure 22, 1llustrates The
unstoadincss of the airplane and conurols as the landing
attitude was approached.

The stick force requircd to make a threc~point land-
ing was much less than the value of 35 pounds rccommended
as an upper limit 1in reference 1, By use of the trim tabd,
the foree could be reduced almost to zero. ‘

Characteristics of the elevator control in take-0ff.w=
The elevator power was adequats to raise the tail or ad-

Just. the attitude angle as desired during take-off. Figure
23 shows the time history of a take-off made with 48 inches

of mercury manifold pressure. The time required to leave
the ground in this case (11,1 sec) does not represent the
minimum possible take-off time.

Trinm change due to power and flaps.— Trim changes
caused by the mpplicatlon of power or flaps were unusually
small in the Spitfire, This quality is highly desirable
in a fighter—type airplane, The following tabdle shows the

of flight,

stick-force changes with a given tad setting required to

naintain trim at 120 miles per hour in various coniitions

Pilot's Corrcc‘sS
indi- indi- Engine | Menifold Stick
cated cated Hood |Flaps|@esr|speed | pressure | Smut- | force
air- air- ; ters '
speed. speed \
{mph) (mph) (rpm) | (in. Hg) (1v)
120 1325 cloged| up | up |=——-= throttle | flush 0
closed
120 128 closed| up up | 2850 by flush |3 push
120 124 closed{down | up. | 2870 4l flush Qs
120 127 clogsed| up |down| 2850 L flush |1.3 push
120 123 closed| up |dowa| —--- | throttle | fiugh {1 pull
' , closed
) 120 123 = lclosed|down | up | === | throttle | flush |2 pull
_ s ; closed
120 W25 open {down |[down| =—--- | throttle { closed |3 pull
’ ' . closed
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The stick force required to maintain trim while the
flight condition was changed in any possible manner was
mach legs than the value of 35 pounds set as an upper lime
it N roterange .,

Charncteristics of longitudinal trimming device.- Be-
cause the trim changes required for the differont flight
conditions were so small, the elevator trim tabs had ample
power to trim the airplanc at any speed in any flight con-
dition for the center~of-gravity location used in those
tcocsts. In order to determine the power of the clevator
trim tabs, nmeasurements of the elevator forces required
for trim with different trim-tab settings were made at
various speeds., The change in stick force per degree trime-
tab change is plotted as a function of speed for three
f1ight conditions in figure 24. The variation of stick
force with speed for any trim-tad sebtting nay be obtained
by adding to the forces plobtted on figures 9, 10, and 11
the force caused by the change in trim-tad angle.

Loteral Stability and Control

Characterisﬁics of uncontrolled lateral and direc-
tional notion.- The characteristics of the control-free

lateral oscillation were determined by trimming the air-
plane for steady flight and then deflecting the rudder and
releasing the controls., Records were taken of the sub-
sequent variation of sideslip angle. These measurements
were made in the eruising conditian at 125 and 200 miles
per hour, The damping of the oscillation satisfactorily
net the requirement of referonce 1, A% 200 niles per hour,
one oscillation, and at 125 miles per hour, 1.5 oscilla-
tions were roquired for tho motion to damp to ono-half an-
plitudes No undanmped short-period oscillations of tho
controls themseclves were observed, except for a tendency
toward an aileron shake near full aileron deflection.

This type of oscillation is not a control-free characteris=-
tic and therefore will be discussed under the heading of
aileron~control characterigtics.

Aileron-control characteristics.~ The effectiveness
of the ailerons of the Supernarine Spitfire alrplane was
deternined by recording the rolling velocity produced by
abruptly deflecting the ailerons at various speeds. The
aileron angles and stick forces were measurcd. It should
be noted that tho sirplane tested was equipped with metal-
covered ailerons,
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The results of these tests are presented in figures
25 to 28, Figure 25 shows the veriastion of pb/2V and
alleron force with total ailleron deflection in the landw-
ing condition, and figure 26 gives these curves for level
flight with flaps and gear up at three speeds., Total ai-
leron deflection is defined as the sunm of the deflections
of the right and left ailerons. The quantity pb/2¥7 1is
the hellx angle in radians described by the wing tip in a
roll, where p is the rolling velocity in radians per
secondy, b the wing span in fee%, and V the true veloe~
ity in feet per second. A complete discussion of this
eriterion for aileron effectiveness is given in referecnce 3,

The ailerons were sufficiently effective at low speceds,
and were relatively ligh%t a% small deflections in high-
speed flight. The forces roquired to. obtain high rolling
velocities in high-speed flight wore considered excessivs.
With a stick forece of 30 pounds, full deflection of the
ailerons could be obtained only a*t specds lower than 110
niles per hour. A value of pb/2V of 0,09 radian in left
rolls and 0,08 radian in right rolls was obbtained with
full deflection., A rolling velocity (at 6000 ft altitude)
of about 53° per second could be obtainecd with 30 pounds
stick foree at 230 miles per hour indicated epecd.

The ailerons were relatively light for small deflecw
tions, but the slope of the curve of stick force against
deflection increased progressively with deflection, so
that about five times as much force was roguircd to fully
defleet tho ailorons as was nceded to reach one-half of
the maximum travol, The effectivenocss of the ailerons in-
creased almost linearly with deflection all the way to
the maximum position, The value of pb/2V obtained for
& given alloron deflection was nearly the same in all the
speeds and conditions tested. It may be coancluded, there-
fore, that there was very little reduction in aileron ef-
fectiveness either by separation of flow near minimum
speed or by wing twist at high speeds.

Figure 27 shows the aileron deflection, stiek force,
and helix angle obtained in a series of rolls at various
speeds intended to represent the maximum rolling velocity
that could be readily obtained. The pilot was able to ex~
ert a maximum of about 40 pounds on the stick, With this
force, full deflection could be attalned only up to about
130 miles per hour. Beyond this speed, the rapid increase
in stick force near maximum deflection prevented full mo-
tion of the control stick. Only one-half of the availadle

N
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deflection was reached with a 40-pound stick force at 300
miles perhour, with the result hat the pb/2V obtainable
at thiis speed was reduced to 0.04 radian, or one-~half that’
reached at low speeds.

Another method of presenting the results of the
aileron-roll measurements is that given in figure 28, where
the force for different rolling velocities is plotted as a
function of speed. The relatively light forces required to
reach small rolling velocities are readily seen from this
figurc, The excessive forces required. to reach high roll-
ing velocitics and tlhe impossibllity of obtaining maximum
allecron doflection much above 140 milcs per hour arc also
illuntrat d.

The ailerons failled to mect the requirement of refer-
ence 1, which states that a value of pb/2V of 0,07 radi-
an should be reached with.a stick force of 3C pounds at 0.8
of the maximum level-flight indicated speed, or about 230
miles per hour in this case. Under these conditions, a
value of pb/27 of only 0.051 radian was attained.

The vpilots observed an aileron shake near full deflec-
tion, This shaking of the control system is attributed to
separation of the flow from the projecting Frise balance on
the lower surface of the upward-deflected aileron. The
shaking was not partieunlarly violent or objectionable on
the Spitfire. This phenomenon has caused trouble, however,
on alrplanes with more flexible control systems.

Yaw due to ailerons.~ In aileron rolls made at 110
percent of the minimum speed with fuLl saileron deflection
and with the ru*aer fixed, about 18° sideslip was devel-
oped. The rgquirement of reference 1, which states that
less than 20° sideslip shall de aeveloped in this maneu-
ver, was therefore met.

Rolling moment due to 81dusllp.~ The rolling moment
due to sideslip of the Spitfire airplane was determined by
recording the alleron angles required in steady sidesglips.
The results of these measurements are presented in figures
29 to 34, where the rudder, elevator and aileron angles,
angle of bank, and rudder force are plotted as functions
of the sideslip angle. The dihecdral effect was-stablo in
all conditions, with the oxcecption that in left sidoslips
in the cruising condition the dihedral effcet was practi-
cally neutral. The requirement of reforence 1l was thero-
fore met in all conditions except in left sideslips with
power on,
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A further indication of tho rolling moment due to
sideslip is given by the rolling velocities caused by ab-
rupt deflcctions of the rundder (figs. 35 and 33). Tho
airplane always rollced in the correct direction. The rolle
ing momont due to yawing velocity is combined with that
due to gideslip in these tests.

The stick force in sideslips was not recorded, but it
was observed that in conditions whers the dihedrsl effect
was stable the gtiek tended to return toward neubral when
releascd. s

Budder control characteristicg.-~ The rudder control
chargeteristics were investigated in eteady flight, in
sideslips, and in abrupt rudder kicks. In the rudder kicks
records were taken of the rudder force, rolling velocity,
sideslip angle, and normal acceleration resulting from ab-
rupt deflections of the rudder. The results of these tests
are presented on figures 35 and 36.

A sideslip angle of about 25°% regulted from abrupt
maximum deflection of the rudder in the flap-up condition
at low speeds. Since this sideslip angle exceeds the side-
slip caused by full saileron deflection with the rudder
fixed, the rudder control is believed to be suifficiently
powerful to overcome the adverse alleron yawing moment.

The initial values of rudder force in rudder kicks,
plotted in figures 35 and 36, -show that the rudder was de-
sirably light. The floating tendency of the rudder caused
the pedal forece to drop to about one-third of its initial
valne after the sideslip had built up. No reversal of rud-
der force ever occurred, however, The rcecquirement of ref-
erence l, which states that left rudder force should al-
ways be required for left rudder deflections and right
ruddcr force for right rudder deflections, was therefore
satigfied.

Congiderable deflection of the rudder to the right
was requircd in the power-on conditions in steady flight
near minimum gpeecd as shown on.figures 9, 10, and 11. The
limits of rudder travel wsre never excesded, however, he
rudder deflection is neecdvod partly to offset the yawing
moment caused by angularity of the flow dune to the slip-
strcam, and partly to balance the left yawing moment of
the propeller itself that results from the high angle of
attack of the propeller axis. The side force on the rud-
der necessary to maintain equilibrium of yswing momonts
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about the center of gravity, together with the gide force
on the tilted propeller, are believed to be responsiblse
for the appreciable amount of left sideslip which was ob-
served to occur in low-speed power-on flight with the
wings laterally level.

The rudder forces roquired for trim throughout the
speed range with the rudder trim tadb neutral are plotted
for the gliding and cruising conditions on figure 9.
These rudder forces were unusually light,

The rudder control, in conjunction with the brakes,
was sufficlently powerful to maintain directional contirol
in take-off and lending. A time history of a take~off
(fig. 28) shows that some rudder deflection was required
to ovecrcomo a tendency to turn to the left. Thoe rudder
foree required for thils purpose, however, was obscrved to
be-relatively light.

The rudder forces required to overcome adverse ai-
leron yaw nnd to maintein directional control in take-off
and lending probably never exceeded half the value of 180
pounds specified as an upper limit in reference l. No in-
vestigation of the effectiveness of the rudder 1n recov-
ering from spins was attempted.

Yawing moment due to sideslip.- The yawing moment due
to sgideslip ig indicated by the rudder deflections re-
guired in steady sideslips (figs. 29 to 34). The direc-
tional stability was satisfactory in that the rudder al-
ways moved in the correct direction in sideslips. As pre-
viously stated, the directional stadility was sufflecient
to restrict the yaw due to allerons to the limits specified
innefeprence. by

D 0

The yawing moment due to sideslip with rudder free

is shown by the variation of rudder force with sideslip
gle in steady sideslips. The slope of the curve of rud-

der force against angle of sideslip was always stable,
though it was very small for small angles of sideslip.
The increase of rudder force required at large angles of
gsideslip insured that the airplane would always tend to
return to zero sideslip if the rudder were fres, regard-
legs of the magnltudu of the sideslip angles.

Cross-wind-force characteristics.- The eross~wind-
force characteristics of the airplane are shown by the
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angles of bank required to hold steady sideslips in the
various flight conditions {(figs. 29 to 34), The angles
of. bank were -small at 1ow gpeeds, but they increased rap-
idly with speed because the side force for a given side-
slip angle varics =2pproximately ae the square of the
speed, The Spitfire showed a slightly smaller side-force
gradient than any other. pursuit-type airplane tested pre-
viously. A larger side-force gredient wounld seem to be
deslirable because the pilot would find it easier to maln-
tain uwnyawed flight if a large angle of bank were required
to sideslip.

L~-33L

t Pitching monent due t9o gideslip.~ The pitching moment
due to sideslip is shown by the variation of elevator an-
gle with angle o6f sideslip in the steady sideslip measure=-
: nents (figs. 29 to 33) and bty the variation of normal ac-
celeration with rudder argle in the rudder kicks (figs. 35
and 36), The Spitfire showed a tendcncy to pitch down both
in Yeft and right sideslips. In.power-on flight, this air-
plane failed to meet the requirement (referonce 1) that
less then 1° change in eluVﬁtOr angle should accompany 5
deflechion of rudder. As shown an figure 29, left sideslip
N occurred in the trim condition with wings le vel and at
J thig sideslip angle the elsvator sngle increasecd approx
[

Xie
mately linearly with the left sideslip angle. The static
1onbi+uc1n~1 stability measuromenﬁs indicated that the
; ol“GSl’P increased as the specd was rsduced until it reached
S about 10° at the stall. The lefauor angle required for
§ this sideslip conpletely overshadowed any elovator motion
} required to change spced in unyawed flight. The increaseod
i up-clevator sngles encountercd at low speeds in the cruise
§ ing con@itio tne;efore do not represont static longitudi-
5 nal stability., It is doudbtful that this typve of wariation
! of elevator angle with epeed is helpful to the pilot in
3 ntaining a leeé trin speed. TFurthermore, the static
i gitudingl-stability characteristics recorded dy two
i ots night disagree considerably, bocause slight errors
4 holdlng the wings level would result in appreciabdle

fferences in sideslip angle,
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% The violence of the pitehing motians of the airplane
g in rudder kicks is s% r by ‘the variation of normal accel=-
§ eration with rudderx angle (figs. 35 and 36), Because the

i large aceelerations made it difficult for the piloet to

§ hold the elevator angle constant, the normal acceleration
} plotted on these figures may be partly the result of ele-
i vator motion Nevertheless, the nlotted values give a
r
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.
qualitative iden of the pitching motione caused by rudder
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deflection. In all cases oxcept at very high speed, the
airplane initially pitched up, then pitched down when the
rudder was deflected in either direction. The reason for
thﬁ initial upward acceleration is not known., The down-
ard acceleration is caused by the pitching moment due
to sideslip, which exists after the sideslip angle has
built upes The notor cut out when negative accelerations
were encountered. Because of the violence of the nega-~
tive acceleration, the pilot was usually unable to keep
the rudder fully deflected until the maximun sideslip an-~
gle was reached.

High-powered airplanes ordinarily show an initial
tende ency to piteh up in rudder -kicks to the left and down
in rudder kicks to the right. This nmotion 1g attributed
to gyroscopic moments from the nropeller. The Spitfire
showed this tendency for rudder kicks of small deflec-
tiops abt high speed, but in all other cases the alrplane
1ly pitched up.in rudder kxicks both to tho left and

+

1.

Power of rudder and aileron trimuing devices.~ Tho
trim tab provided on the rudder was sufficiently powerful
to reduce the rudder force to zero in any flight condi-
tione The rudder forces required for trim with the trim
tad neutral are plotted on figure 2. No trim tad was pro-
vided on the ailerons, but the alleron forces for trim
were light. The aileron angles required for trim through-
out the speed range in the various flight conditions are
plotted in figures 9, 10, and 1l.

CONCLUSIONS

he flying gqualities of the Supermarine Spitfire air-
plane observed in these tests may be summarized in terms
of the accepted standards for satisfactory flying quali-
ties as follows: :

1, The short-period longitudinal oscillation was sat-

=N

isfactorily heavily damped in all conditions tested.

35 .In all #1186t conditions the stlek«fixed longil-
tudinal stability was either neutral or unstable, and

therefore failed to meet the accepted requirements. The
requirement for a stable ick-force gradient was met i3
all conditions of flight except for the condition with

flaps down, power on.
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3, The stick-force gradient in maneuvers was 5,0
pounds per g. The requirement for a force gradient of
less than 6 pounds per g wae therefore satisfied.

4. The stick motion required to  .stall in maneuvers
waes 3/4 inch, Thie value is much less than the 4-inch
stick travel recomumended for satisfactory flying quali-
ties., :

5. The elevator control was adequate for landing
and take-off.

8, Tho longitudinal trim changes due to changes in
engine power, flap position, or landing-gear position
were cxcepbtionally small.

7. The power of the elevator trim tabs was adequate.

8, The damping of the control-free lateral oscilla-
tion was satisfactory. No undesirable short-period lat-
eral osclillations were noted.,

9, The aileron control was adequate at low speeds
but unsatisfactory at high speeds because of the excessive
stick forces required to obtain high rolling velocities.

10, Aileron yaw was within the limits specified as
acceptable,

11, The dihedral effect was stable except in le
sideslips with power on, where it was practically neutral.

12, The rudder was sufficiently powerful to offset
aileron yaw and to maintain directional control during
landing and take-off. The rudder forces required were
well below the upper limit of 180 pounds specified.

13, Directional stability was satisfactory.
14, A large pitching moment due to sideslip existed.

15, The stalling characteristics in normal £flight or
in mnneuvers were axcellent though the maxinum 1ift coef-
ficients were low. ¥o undesirable ground-looping tenden-
cies were noted.

Lengley Memorial Aeronautical Laboratory,
National Advigsory Committee for Aeronautics,
Langley Field, Va.
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Figure 16. - Time history of a rapid 380° turn to the right started at 218 miles per
hour,
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Figure 17. - Time history of a rapid 180° turn to the left started at 248 miles per
hour.

Supermarine Sp!tfire airplane with gun ports‘covered.
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Figure 18. - Time history of a rapid 180° turn to the right started at 250 miles
per hour. Supermarine Spitfire airplane with gun perts covered.
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Supermarine Spitfire airplane with

was reached three times.

Figure 19. - Time history of a highly accelerated left turn in which the stall
gun perts covered.
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Figure 20. - Time history of a highly accelerated left turn started at 249 miles
per hour.
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Figure 22. - Time history of a three-point landing (trim tab, 2.3° nose heavy).
unsteadiness of airplane and controls caused by tail buffeting and in-

stablility in the approach.

Supermarine Spitfire airplane,
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Figure 23, - Time history of a tail-high take-off made with

48 1in. Hg manifold

Supermarine Spitfire airplane.

pressure,




Stick force per dogree trim-tab change, 1b

i

(e8]

[V

=

0

Figurc 24.- Variation of powor of the clovator trim tabs with
gliding, and landing conditions. Sup

T
|
——t— Cruisin S
e — G ddno -
= 1~ Lamding ////// /,/’/’
////////’ P
] A//////
/ //
/ //
f”//
. "
/
80 100 120 140 150 180 200 220 240

Corrcet indicatod airspeed, mph

indicated airspced in the cruising,
crmarine Spitfirc airplane.

VOViT

ve *I1d




L=334

\
$
y 4ok F 40 1’.
o A A
~ &
Y
y R e ;
T 2 oA 0
Q 2o 7 : N 29 /; /‘ ,/
L g 4 o L&
. ; sl
N o
— Q
J i \ } | Bt
40 30 200y 5 70 20 30 40 20 50 ¢ y) 20 2 40
a——Ta gg
“":: b =l TOTAL'AILEROAJ AwvsLe, DeEs it ; =] /
X
Z 20 Pod v e 00: 20 08 MPH p
/7 - / A4 190 mPH!
- % / /B 3 295 MPH b
. b 88 M.PH. ® / I
40N 0 /05 M.PAH. o i tm
Yy
N
08 QJ(
N (=
3 =
3 =] < =0
N o4 / Vet
uﬂ> e RL. o4 V(/’
Uy AY
2 3 W“Z
40 30 20 /0 o /0 20 30 <0
| _LEFT e ToTAL-AILERON ANGLE , DEG AIGHT | 14 s
— A -.04]
29
=~ Of
— 5 ; N
— :t;/ -0 p/ ﬂk
o e o [PV
Figure 25. - Variation of alleron force and pb/2V with ]
total aileron deflection in the landing > 7]
condition (flaps down, gear down, power off). 2 g g 4 x g &5 o e
Supermarine Spitfire airplane, LEFT 7OTAL-A/ILERON DEFlfcr/OA/, DEG RIGHT

alleron deflection in level f1

Figure 26, -~ Variation of aileron force and fb
g
gear up). Supermarine Spitfire

2V  with total
t (flaps up,
airplane.

VOVN

92°g2 °*s3td




& Dol =
q Q40 <1 —
SO-( » N\\
C T~
ﬁ.g e 9% &
:li -§ \h\"“?LN‘N a
£4 = e O]
o 0
| o]
6] {
T il ' q
a 40 =11 ot 8 =5 <3 -0
b= - - i
° s a/f;:
50
g 74 o Tt
3 G4 G < Hight
20 S g F =T ]
i = It
i | |
— et =
8% 1::;?:::\ LS
g,
£ TSR =5
< =N«i .
o ’ e B
‘ 3 ! ———p
‘ g J\-‘r\\\~\\nﬂ-
&
LT
)
oy
|
0] |
100 120 140 160 180 200 220 240 260 280 300

Correct indicated airspeed, mph

LS 3T

Figure 27.~ Variation of maximum obtainable aileron dcflection, ailcron force, and pb/EV with indicated
airspeed in lovel flight (flaps wp, gear up). Supermarinc Spitfire airplanc.




1-33L

NACA Figs
/
| 74 \
o 60
" Maximum \
defyection\‘ \\
/%/
‘\\\\\ /////-1.2
// \ =l 1.0
\\\ /
P e E—
.8
St o | | «6
“ s it
o w2
%)
Y 0
i e
g L0 SR Y s OO
4+ i oo R L3t "04
w0 \\\
20 T "
L= bl | \
fi*\ //’///fﬂﬂﬂﬂ ‘\N\\\N\\\‘\\\‘ \\\\\‘*—.8
i T v
T \ Bt s Bun 1R
\\ .
N >*<::
Maximum ° |\ +1.2
defliection
+ 60 \
¢y
(0]
|
100 140 180 220 30 300

Figure 28,.~ Variation of aileron sticlz force with speed for different

Correct indicated air speed, mph

rolling velocities in level flight (flaps up, gear up).
Supermarince Spitfirc airplanc.

28

Rolling velocity at 6000 ft, rad/sec



Hige 29
A e
B =
N
\'\
(&

Right

ne

m
&
b \ (
e h o -
o )Y ...4 4 f
.m e ./ P\ \ | \
el 4 ip 1 “ m 2
s “ : | | /
\ B i .
/.\m ! _ 1 // mr _, h Lw.iv|1|
| _
N_ L. _//x , ~ :
Ul & ” ! , ¥
/ M i A = i i
71 . —
Z ._ x M > %
: N e
5 i — i T e X ot 4 - R
R _ o
T \ £ N” | Q| | i | j
et ey il B e s Sl P i
CEEE: Auwﬂmeﬂm i r | Y e i +
LavaTe g | N\ /
. e © i m w
kS| \ ﬂ \ = Ed ﬂﬁ = S i SR P Aﬂiv “ﬁrJ 4 s x\f B B
H e g M _ i !
g 7 u_\mi_‘i% TS e S F e sloen i =
-\ | X m
NQ\\ % 4 g m | //x T
L | P e e R e R
T e O G i WA R R NG SN e -
1ySta z0 dp 1JOT I0 uMoQ 1y91g 93017 1UE T 13
Fop ‘suoT}1sod TOI4UOH Fep ‘syreq 10 oTIuy qt

to0x03 JODPPRY

(flaps up, goar up, powor on) at 120 miles per hour,

Supcrmarine S

pitfire airpla

Tt

Figure 29,~ Stcady sideslip characteristics in tho cruising condition

TACA

¢e~1




TACA Fig. 30

30 —— e
. %% o Q(‘FMaxiMum rudder 28°
| :
‘ 8 ¢ 20 P
B 88 o :
‘ 8 ‘\Y;‘Rudder Totall alleronh\\ "
| & - 4
s
o
N o -Blevator
e
E\ E 0 b i s .:Af////
8. L!\\f—}_‘ ’/(\_8‘1,0,,»/"’—‘/’— G azcr azsi i Y
3 T
(o] H / | 0
o o o
o N i \\\
e @ AN Edi | O
(SR |
§ 20
g
8'30 . - Maxgiimum rudder 30° [P
oot 15
Ez.
(a1
; 10
ag
& <
. " 4 A %
g St
b
< 5
. s ./r’/’>K
o //
/
o _X/
—
| ) 5 1X
Q 7(//
10
4
¢y
0
’ e :
{
o =100
‘Sl (84} \\; 3
f 5 0 s Rt IS i St | L g
o : T
o
| = 100
| 20 10 0 10 20
Left Sideslip angle, deg Right

Figure 30.- Steady sideslip characteristics in the gliding condition
A (flaps up, gear up, powor off) at 107 miles por hour,
Supermarine Spitfirc airplanc.




1-33L

NACA Fig. 31

£ 30— ,
S ~ Mazifmm rudder 289
;> O\\
% 8 <0 \
3 { . Rudfior
_é? o i Total| ailorpn 'A///A
[0} i W -
o :\\r o Elevator S /,5/
o J\‘\LCL \\1 A’/ A AR
'—é 10 S ,L\’/ \ A
T <
O~ \\\\\
4 20 "
g s Majimum ruddor{30° |
4@ 15
&
~
10 %
| X
¥ ' o
3 | ot
5 oy —
o .= | ’ Bt
g | ' | ; ¥ /
S e
(0] /!r x
Ly 5 o X
ﬁw S
% e
10 ¥ <=
4+
P
L]
i (5
o
% AW
t n N
& o e Ly ~——db
g0 + = =y
E s Ty
Q loo i H
i 20 10 0 10 20
Loft . Sideslip angle, deg Right

Figurc 31l.~ Stcady sideslip clm&ra.cteri-stics in the gliding condition
(flaps up, goar up, power off) at 122 milcs por hour.
Supermarine Spitfire airplanc.




POSIT/ONS, LEE

CoNTROL
DOWN OF LEFT

ANGLE OF BANK, DEG

LEST

RUODER FORCE, LB

LEFT

UP OR RIGHT

RIGHT

RIGHT

i | | | g | TR TRt | A T el [ = | o o ]
‘ ‘ | ! l ¥I
30 Max, rud,28°_ _ | lee Ll e e LT T |
s ’ R | l 0 HMax rud 28° |
| [ . |
2oL lo\ CRUDOER | | | | ’ 8 N zolin e e e RONGER:
; N |
WG e S TOTAL et R
; | ELEVvATOR )\c‘@’ il W ‘ N
ol [P~ | el o e
| == \ L
0 e L \5{ IS ét ol |
Sl S !
N |
ol | T TN Sl el e Iy @ SR A ; \m
et | | O IO
30 | _Max, rud, 30°_| | ‘ ‘, | ' Q 30, Max, rud. 30° |
| | | i i
| | 1 [ I : i
= - == = = { ! —
] 1 ‘ |
lof____I QN ol , | y -
N 3§ | s
‘ e 1 PR
= | - ST *4"'—;7 +— § I e P = /
| | | |
| | | /X/ R\ | | X
[ ! - =X | % o |
[ ] l { [ ‘ e
» ! xl/x/’/x Wy | v d
== Ix/é" =t =} t") “ = = - _ 4{7 i 7)/ L IS
[ SEC X ]
X 4 ‘
e e S | E S o — e -A - —
) ' x| {
l k| e laait =
— { t == et | — 1 l —1- —
-‘ ‘ l Q% ’ 1 3
e N8 | s
100| ! = 5 | = n 'E /00 : ‘ 1 —
' : + ' .
SE | Q = [
: ¢ 2]
0 B R S s Al
[ | | T o+ —4 'Fr\-f-\_*_
| | E s
100|120 1L N SR | al=—w = 100 k = /100 S
7 i ’ 1 S0
1 | ‘ \ l g t { |
200 | L et | e XRJ zoot_ | b | S (P
20 10 o 10 2o 20 /0 o /0 20
LEFT SIDESLIP ANGLE, DEG RIGHT LEFT SIDESLIP ANGLE, DEG RIGHT
.Figure 3. = Bty ARANOAY- DR EI R R el tn s Figure 33. - Steady sideslip charadteriatics’in the landin?
condition (flaps down, gear down, power off condition (flaps down, gear down, power off
at 95 miles per hour. Supermarine Spitfire at 12l miles per hour.  Supermarine Spitfire

airplane, airplane.

VOVN

*83Td

geee



Q
4». e |
i | s
.
&y
ol !
By !
o X% X X X '
S . _
5 ? , ///// s
; /
£
1 O
[ <
S 305 gl 22 ’
£ & o \x
/ | / =
N w, &
N\ | _
% [ X
\ L i =
X x N
+3
&Y O
=t e ] (00]
o~ et
| W /
i O
X 5% it e X e e
o 5 M ] ! e S
R g // \
x o +
s L WOt ACe THSR WO |
, \ / i
b——- +.I. I.!I.Ol - ld . JeSedl OM’IT R l,-n.u.ln
3
o o) o o o o o () o =
. - . . . o
= .l__ N8} (4V] = I
Fop aod Pep Sop aed q1
% Jop aod uorgo0TIep Sop ‘dTTSOTIS U3TA Iueq JOo ofSue UT ofuer) ‘dTTSOPTIS UPIM ©0J0F
mw.mﬁﬁwomﬂm U3 T4 suotgisod JIOPPRI UT oFuryl
i TOI3UOD UL o3uet)

aph

airspced, I

-~

dicatod

-
na

i

Corrcct

gure 34.- Stoady sideslip characteristics for small rudder doflections

Fi

goar up,

nd

ht with flaps a

de %n lovel filig

at various spco
hood closed. Supermarinc Spitfire airplane.



NVAX CHANGE /N

MM ROLLING

A AX|

CHANGE IN NORNAL

MAX. CHANGE /N

A c -
TRl e
- e
18 !
et —— 41 | —1
Q) | |
2 ‘ a | '
oG s
3 . |
3 o 1 . | : ,
| A [
de | L
N [ R A
i ;
N | "
o | :
i -
‘( S X . o |
=
g N
E o (S o il o i i
= = i
‘3 b ©- 3 T
kL 5 r fois
- oo R BPL —
N rartral ‘/:_‘A_."/(' b e fie ‘
[N =1
& O_i___.é_.o-__(la, ,_,j;gy_ s b e Bt e e B
‘ ok
S | [ L ,
< =5 ! | 7 Fleicil
Q ; ‘ a //}\/ ac c‘gl,
y | Fir - + |
p al <7 :
m o acce/, 1 \ |
N) i | v )
‘\() =15 /% l ! { =1
8 KZOO ~ N 123 mph iR
) S\ = =@~ S s2pbh % ‘
s L | | I l et
O x | ‘
% i i : l\ B ! \ = 5 !
| LS —t= ol
% o L F S ——— ] T {
Q- ' m'”’ —x | [
YK | ‘ . . 1 |
Qt‘ﬂ e | | | |
TR | ] |
& 200 = L | |
20 /0 Q /70 20 FO
LEFT RUDDER DEFLECTION, DEGRELES RIGHT

Figure 35. - Varlation of maximum change in sidesllip angle,
rolling velocity, change in normal acceleration,
and change in rudder force, with rudder deflection

n abrupt rudder kicks in the landing condition.
éupomxefno Spitfire airplane. =

MAX. CHANGE IN

CHANGE IV NORAMAL MAX ROLLING

o

MAX. CHAN

B B e i
NI | =
3 Szl ' e T, PR (Sl e meer e o R P
& & 1 ‘ & B -+ /20 MPH
(\,l, r | i | | Q‘ > 1 |l — — > 237mPH
|
< Lo i ‘ 1 ‘ ‘
\§ o | | | |
RS 1 l | '
‘Ej) Lo | OO =
Q L ‘ ‘ \x\\\
a’ ﬂ 5’0{ i “ \:\
Q o ' | \\
SO [ ~—Ip
é 4 .5 | ! [ —
N ) . 1., =
(‘; o | | Bt T =
S ; - ! i
e b i |
Sy o . \ = —
) | , | |
A = o |
o | =i Bt ol I T D
[\ P e I~ v \ N "
= L N |
Q ‘
R ;
< =
G
N
I s R
8 L FINAL ACCEL. |
< < a5 /Ins IR
S \\"0 {
v, 200 -20 E \L+__l
Qx
~N e
e e
E o | \ :
Q | ‘,/ O+"/" —~ ad
Y ' . o = [ .
R e K S
Q:‘ 51(7"1 =1 { I i
O 220 e o /0 20
LEFT— RUDDER DEFLECT/ION, PEG — RIGHT

Figure 36.

- Variation of maximum change in sideslip angle,

rolling velocity, change in normal acceleration
and change in rudder force, with rudder deflection

in abrupt rudder kicks in level flight.

marine Spitfire airplane.

Super-

VOVN

9g°gg °*SITd



