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NATIONAL ADVISORY COFMIPTEE FOR AEROWAUTICS

MEMORANDUM REPORT |

'Ior +he
Armj Alr Forces, Materisl Command
MEASUREMENTS OF THE FLYING QUALITTES OF
A HAWKER HURRICANE ATRPLANE

By J. M, Nigsen and W. H. Phillips

INTRODUCTION

At the request of the Army Alr Corps the flying qualities .of a
Hawker Hurricane alrplsne wore investigated.  The tests were conducted
at Langley Field, Va., during the period from Noveubder 25, 1941, to
December 28, 1941, 'Thirteen flights and approximetely 17 hours of
flying time were required to eomplete the tests, which included exten—
sive measurements of stabil*ty, controllability, ‘and stalling
characteristics, |, e

Thesé tests of the fijing quﬁlitieé bf'tho Hewker Hurricane were,
in general, similar to tests of other pursult airplanes prev1ous*y
made by the National Advigory Committee for Aoronauflrs.

DESCRIFTION OF THE H%HK:R HURBICARE AIRPLANE

The Hawker Burricare iz a single-place, single-engine, low-wing,
cantilever monoplans with retractable landing gear and partial-spen
gplit flaps (figs. 1, 2, 3, and h) " 'Mhe general specifications of the
airplane are ag follows: ' i ' iy ‘
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The airspecd recorder was connected to a swiveling pitot—static
head which was free to rotate in pitch but not in yaw, located on a
boom extonding a chord length shead of the right wing tip. The yow
vane was located at the end of a similar boom on the left wing tip.

All the recording instruments were synchronized by the timer and the
records were obtained photomraphically. Beceuse of the unusual control

_stick in the Hurricane, control forces could not be measured by the

NACA control-force recorder. Instead, the gpade grip on the stick
was replaced hy a stralght tube, and a visual control-force indicator
which rested against this tube wag used by the pilot.

The instrument recording the angles of the three control surfaces
was attached to the control linkages near the cockplt, Tests made on
the ground showed that errors in the recorded angles caused by stretch
in the control system were small enough to be megligible.

ATRSPEED CALIBRATION

The readings of the pilot's metor compared with the correct
indicated airspeed with flape up or down are plotted in figure 7.
The correct speed was determined by flying in formation with the
Brewster XSBA-l airplane. The calibration of the airspecd recorder
in the latter airplanc was made by the use of a treiling airspeed head.
The installation of the airagpeed indicator in the Hurricane consisted
of a pltot—static tube located bolow the left wing, slightly ahead of
the aileron hinge. This installation gave small errors, espccially
at low speeds.

TESTS, RESULTS, AND DISCUSSION OF RESULTS

All the flying qualitics tests were made with the center of
gravity at a distance of 28.05 inches behind the leading edpe of the
wing. The mean aerodynamic chord was found from weasurements taken
on the airplsne to be 84,3 inches in length, located 5.2 inches

- behind the leading edge of the wing center section, If these values

are used, the center of gravity 1s found to be at 27.1 percent of the
mean asrodynamic chord. Because no accurate drawings of the Hurricane
were availlsble, the values calculated for the mean asrodynamic chord
may be somewhat in error,

The center of gravity of the alrplane with full military load,
before the addition of NACA instruments, was found to be at 27.8 inches
behind the leading edge of the wing, or 26.8 percent of the mean
asrodynamic chord. Though no figures arc available as to the allowable
center—of-gravity locations, this value is believed to rcpresent closely




the condition in which the airplans is normally flown, The weight of
the airplane in this case was 6854 pounds, After the addition of NACA
instruments and ballast necessary to retain appvoximafely the came
center of gravity for the tests, the welght was increased Lo 7014 pounds.

LONGITUDINAL STABILITY AND CONTROL

Characteristics of uncontrolled long;pudinal motion.— S the two
types of control-free longitudinal oscillation, only the short-period
oscillation was investigated with the Hurricans as provious research
work has shown that tho woll-known long-period (phugoid) oscillation
has little or no correlation with the ability of pilots to fly an air-
plane efficiently.

) Tho degree of damping of the short-period oseillation was detor—
mined by deflecting the slevator and quickly releasing it at high spced.,
Tn all cases the subsequent variation of normel acceleration and clevator
angle had completely disappeared after one cycle, Lheveby satis yinp the
requirement for this condition suggested in refec reqce o

teristics of the olevator control of the Hawker Hurrioune ailg)ane in
gteady flight were measured by recording the elevator positions and
forces required for trim at verious airspeeds, These measurements were
made in the following conditions of flight:

Flight | Manifold [Engine’ Flan Landing- | Rediator-- | Hood
condition| pressure |specd ! pogi- gear ghuttor | position
(in. Hg) |{(rpm) jtion | position |position |
‘1gliding © | throttle { ===~ up ©up cloged . closed
&L | PRt oloaed o | T o, ; - o
climbing | 42 (6 1b/| 3000 up tup -% open. closed.
TS el g g . o TS =
"boost™)
landing throttle | ~-~-- | down | . down- cloged ‘open
closed : :
wave—off 38(h 1b/ { 2800 | down down open open
e o dn, _ ,
"boost")]

" The results of these tests are preSunted in Jigures 8 and 9 and
may be summarized ag follows : g ' t

.. In all: of -the conditions exccpf the climbin& condltion e
small degres of stick-fixed static stebility existed, as shown by the



negative slopes of the curves of elevator angle agoeinst eirspeed. A
Only in the climbing condition (flap up, power on), in which longitudinal
instability existed between 100 and 150 miles per hour, did the airplane
fail to meet the requiroment of reference 1, ‘

The variestion of elevator angle with angle of attack %%? in the
gliding condition was 0.16, 2 smallsr value than is usuvally congldered
desirable, In spite of this small degrec of static stabillty in the
gliding condition, the airplans displayed stick-fixed static staebility
in the flep—down condition of flight with power on. The highest degree
of static stability was obtained in the landing conditlon (f1aps down,
power off). gy :

2, The variation of stick force with airspeed was very small in
all conditions of flight. In the gliding condition, the variatlon of
stick force with airspeed was slipghtly stable over most of the speed
renge., In the climbing condition, an unstable rogion existed between
115 and 150 miles per hour. Stebility exigted in the wave-off condition.
This fact 1s surprising becavse, in the lsnding condition (flaps down,
power off), the stick-force gradient became unstable at low speeds. It
will be noted that the alrplane failed to meet the requirement for a
‘gtable stick-force gradlent, stated in reforence 1. at low gpeeds in .
the landing conditlon, and over part of the speed range in the climbing
condition, : 7 ' ' '

3. The elevator—-control forces were too small, in most cases, to
return the control to its trim position, because of the large amount
of friction in the slevetor-control system. The friction as measured
in flight emounted to X3 pounds, which means that a force of & pounds
was necessary to reverse the motion of the stick. The stick-free
gtability of the Hurricane ias therefore in reality stick-fixed stability
and dopends on the slopes of -the curves of elevetor angle againgt air-
gpeed. Becausc the stability indicated by these curves, especially with
flaps up, is very small, the airplane was difficult or lmpossible to
trim at most spoeds., Because the friction in the system masked the
elevator forces required for trim et a given speed, it was possible for
the pilots to obtain erroneous impressions of the degree of longitudinal
stability that existed. -

4. The elevator angles réquireﬂ for trim were well within the
evallable range in all conditions.

Charscteristics of the elevator comtrol in accelerated fiight.-
The charactorighics of the elevator control of the Hawker Hurricane
alrplane in accelerated flight were determined from measurements taken :
in abrupt pull-ups from gtraight flight and in rapid 180° turns., Time
histories of representative turns are presented in figures 10 to 15.




IATERAL STABILITY AND CONTROL

" Characteristics of uncontrolled lateral and directional motion.~
Because of the lack of time avallabie for the tests, no measurements
of the uncontrollied lateral oscillation of the Hurricane were conducted.
No undegirable short-pericd oscillations of the rudder or alleron
controls were noted. ;

Aileron-control characteristics.— The effectiveness of the allerons
of the Hawker Hurricane airplene was determined by recording the rolling
velocity produced by abruptly deflecting the allerons at various speeds.
The aileron angles and stick forces were measurcd. The reswlts of these
tests are presented in figures 18, 19, 20, and 21. Figure 18 ghows the
variation of pb/2V  and aileron force with total ailleron deflection in
the landing condition, and figure 19 shows these curves for level flight
with flaps and gear up. The cuantity pb/2V is the helix angle in
radiang described by the wing tip in a roll, where p 1s the rolling
velocity in radlans per second, b is the wing epan in feet, and V
the velocity in feot per second. Total aileron angle is the sum of the
deflections of the right and left ailsrons,- ‘

~ The ailerons were unusvally light for small deflections. The force
increased linearly with deflection to ebout two--thlrds maximum allsron
deflection, After this point it increased much more rapidly. The -
offectiveness of the allerons algo varied linearly with deflection up
to a certain point, bub boyond about two-thirds maximum aileron deflec—
tlon it 1increased much less rapidly. This increase of stick force and
decrease in effectiveness at largse aileron deflections is belisved to
be caused by separation of the flow on the lower surface of the upward
deflected aileron at large de.lections. This separation destroys the

‘balancing effect of the projecting Frise balance and also reduces the

rolling moment given by the aileron.

Figure 20 shows the ailsron deflection, stick force, end helix angle
obtained in a series of rolls a®t various speeds intended to represent
the maximum rolling velocity which could be readily sttained. The pilot,
while using the control-force indicator, could not exert more than about

45 pounds on the stick, With this force full deflection could be obtained

only up to a speed of ahout 140 miles per hour. The rapid increase of
gtick force near maximum deflection prevented full motion of the stick
at greater speeds.

Another method of presenting the results of the alleron roll
measurementg is that given in figure 21, which shows the variation of
aileron force with gpsed for different roiling velocities, It is
interesting to note that the force required to attain a rolling velocity
of 0.6 or 0.8 radian per second decreased as the speed was increased
from 100 to 200 mileg per hour. This unusual condition regults from the
rapid increase of stick force near maximum deflection. A very smsll
force was sufficient to attain a rolling velocity of 0.4 radian
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per second, evon at 300 miles per hour. For purposes of ordinary
flying, therofore, the piiots regarded the allerons as very light and
responsive. The very small frictlion (i-%-lb in the system contributed

to this impression. In order to obtain a high rate of roll, howsver,
excessively high forces had to be applied to the stick. For example,
at 190 milos per hour, a force of 20 pounds to the lelt produced a.
rolling velocity of 1.02 radians per second or a pb/2V of 0.066,
whereas doubling this force incrveased the rolling velocity to only
‘1,10 radians per second or to a pb/2V of 0.07L,

The ailerons failed to meet the requirement of reference 1 which
states that a value of pb/2V  of 0,07 should be attained with a stick
force of 30 pounds at eight-tenths of the maximum indlcated speed in
level flight or 215 miles per hour in this case. Values of 0,001 for
pb/2V  in left rolls and 0,056 in right rolls were obtained under these
conditions, The ailerons were considered by the pilots to be insuf-
ficiently effective for mensuvere requiring high rolling velocities.

Yaw due to ailerona.— The meximum sideslip angle, caused by full
deflection of the ailerons in level flight at 100 miles per hour with
the rudder fixed, was 12°, This speed is the lowest at which the testse
"were conducted. Indications are, however, that the Hurricane alrplane
would meet the requircment of refsrence 1 which gtates thet the maximum
sildeslip developed at 110 percent of minimwm epced as a result of full
aileron deflection should not exceed 20°, The sideslip developed as a
“yesult of aileron deflection did not reduce the rolling velocity because
of the lack of dihedral effect oh this ajrplene, :

Rolling moment due to sideglip.— The rolling moment due to sildeslip

was meagurcd by recording the aileron angles roguired in. steady gideslips.

Thoge measurements were mado at various speeds in the climbing, gliding,
and landing conditions, The results of the sideslip measurements are
presented in figures 22-28 in which the rudder, elevator, and aileron
_angles, angle of bank, and ruddér force arée plotted as functions of the
sideslip angle. These figures may hé somewhat inerror because the
existence of angularity of the flow at the yaw vene may cause the
recorded sideslip angle to differ sglightly from the angle of- the thrust
axis. The fact that the recorded value .of ‘the gideslip was zero for
the trim condition of zero bank with power off indicates that the error
was small in this case., In power-on flight, the airplane was known to
sideslip to the left at zero bank, as is shown on tho curves. The exact

value of sideslip may, however, be scmewhat in error. The absolute values

of rudder force may be in error by #10 vounde becauge of unkuown changes
in the zero reference of the recorder. In all cases thé slopes of the
curves of the plotted quantities are correct. - '

The rolling moment dus to sideslip (dihedral effect) was measured
by the amount of aileron movement required to offset the rolling
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tendencies of the airplane. The results show that in the climbing
condition (flaps up, gear up, full power) an apprecisble amount of
right aileron had to be applied in sideslips to the left. This
condition indicated a negative dihedral effect and failed to satisfy
the requirements of reference l. The:dihedral effect was also elightly
negative in sideslips to the right, In the gliding condition (flaps up,
gear up, power off) the dihedral effect wesg in the correct direction
but it was very slight. In the landing condition (flaps down, gear
down, power off) the dihedral effact wes practically neutral at 85 miles
per hour but was slightly nepative at 120 miles per hour. Though no
measurements were mede of the sileron forces in gidéelins, they were
obgerved to be in the unstable direction in the conditions’ where the b
dihedral effect was negative.,. .

Further data concerning the dihedral offect of ‘this airplane were
obtained in measurements of abrnpt rudder kicks (figs. 29 and 30).
The rOLJing yelocity resulting from rudder ¥icks was practically zero

.in all conditions, though when it did occur it was in the correct
diréction.: Apparéntly the rolling moment due to yawing velocity was

gufficient to offset the negative dlhedral effect obtained in gtoady
sideslips. The rolllng velocity was so glight that in rudder kicks to
the right the leading wing dropped becauvse of the combination of yewing
and pitching downward which occurred. Thus the pilot obtained the
impreasion of instability in rudder kicks to the right even though the
airnlane did not roxl about 1ts longibudlnal axis, )

: Rudder—control charaoteristics.~ The rudﬁer~con+ro] characteristics
were 1nvostigated in gteady fiight, in sideslips, and in abrupt’ rudder
kicks. In the ruddor-kick moneuvers, records were taken of rudder
position, rudder force, rolling ve]oc;tv, sideslip angle, and normal
acceleration resulting from abrupt deflections of the rudder whils the
the other controls were held fixed. Figure 29 ghows the regults of
rudder kicks in the landing condition at €1 and 122 miles ver hour, and
figure 30 ghows the rcsults for.- levsl flight at 99, l“l} and. 240 miles

Avper hour.

The maximnm sideslin obtawned by abruptly der‘ec inp ﬁhé'rﬁd&ér 4
was only slightly greater than the angle reached in a steady gideslip

" with the geme rudder deflection. Sliqhtly ]arper anﬁles of sideslip

weré obtained in the flap-up conditions of flight than. 1n the clau»dowh

“conditions; this situation indicates that the dwrectidnaL Btabilit} we.s

smaller or the rudder effectiveness greater with : 1PDS up,  Because the
maximum sideslip angles reached in rudder kicks were. larger then those
attained in alleron rolls at low snesds, the ruddeér is believed to be
gufficiently powerful to overcome the adverse yawing moment that occurred
in sileron rolls, ' o
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The rudder angles required from trim in streight flight were well
within the available range in =il conditions, as is shown in figures 8
and 9. The limit of rudder travel (297) was most closely approached
in the wave—off condition, in which a defiection of about 18° was needed
at the stall., As will be discussed later, the rvdder forces were rather
heavy. Inasmuch as no trim tab was available on the rudder, considerable
effort was required for the pilot to hold a large rudder deflectlon for
trim,

As is shown in figure 17, the slight tendency to turn to the left
in a tail-high take—off was caglly counteracted by the rudder. In
tail-low take-offs this yawing tendency did not occur, and in any case
it was much smeller than hes been encountered on previously tested air—
planes of comparable design.

The rudder control, in conjunction with the breskes, was adequate
to maintain directional control in landing, as is shown in a time
history of a three-point landing (fig. 16). As will be mentioned in
connection with the discussion of stalling charecteristics, no undeegirable
ground—looping tendencies woere noted on this airplane,

The offectiveness of the rudder ln recovering from spins was not
investigated

The rudder forccs plotted in figure 29 and 30 were the initial
forces required to deflect the rudder., They are secen to be heavy even
at low epeeds., As soon as the yawing velocity nnd sideslip angle had
built up, however, the rudder forces decreased to about one-—third of
the plotted values becauge of the floating tendency of the 'rudder. In
no case, however, was a rcversal of the rudder force experienced. The
requirement of reference 1 corceining revergel of rudder forces was
therefore satisfied. A force greater than 180 pounds would be required
to deflect the rudder fully oven at the minimvm speed of the airplane,.
Becauvee the meximum ruddor doflection wes not required in meeting any
of the ruddor—control requirements which were investigated, these
requirements could all be fulfilled with a force of loss than 180 pounds.,

A force of 12 pounds was required to reverse the motion of the
rudder pedal in order to overcome friction in the rudder system, Because
of the small variation of rudder force with sidesglip angle, which will
be discussed further in the following section, this friction was suffi-
cient to hold the airplsne at a fairly large anple of sideslip. This
tendency proved annoying to the pllots.

: No measurements were made of the rudder forces requlred for trim
in high-gpesd dives.
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Yawing moment dve to sideslip.~ As shown in figures 22 to 28,
right rudder wes alwsys required for right sldeslip and left rudder
for left sideslip. This fact indiceates that tho airplane, with rudder
fixed, was directionally steble in all conditions of flight, The slope
of the curve of rudder angle against sideslip was slightly grester at
lerge angles of sideslip than a% emell ones. It has been proviously
stated that the diroctional stability was sufficient to restrict the
yaw due to ailerons to the specified value, '

The curves of rudder force againgt angle of gldeslip (figs. 22-28)
ghow that the directionsl stability with rudder froe was small, esvecially

at small angles of sidesllp. The slope of the curve never became unstable,

however. The small variation of rudder Fforco with sideslip angle 18
attributed to the floating tondency of tie rndder equipped with a
balance tab, At large rudder deflections, the balance tab was less

‘.offective, causing s rapid rise in the rudder fqrées.

Crogs-wind force charsctorigtice.— The crogs-wind force character—
istics of the sirplane are showa by the angles of bank required to hold
steady sideslips (figs. 22-28). The angles of bank were small at low
speeds, though no smaller than those obbtalned with other airplanes of
comparable design. Inasmuch as the side {orce for a given gideslivp
varies as the square of the speed, the angle of bank required for a
given sideslip likewice increaces repldly with the epeed. A large gide
force in sldoslips is desirable becauge the pllot finds it easier to
maintain unyawed flight if a large engle of bank is required to sideslip.
The pilot found it difficult in the Hurricane to maintain unvewed flight

" &at low speeds because of the small side~force gredient and bocause no
alleron deflection was required to sideslip.

Pitchinz moment due to sgldeslip.- The pitching moment due to
gidoslip is shown by the veriation of eolevator angle with angle of
gideslip  in the steady sideslip measursments (figs, 22-28) and by the
veriation of normsl scceloration with rudder engle in the rudder kicks
(figs. 29 and 30),

‘The airplene tended to pitch down in both left end right gideglips,
The pitching moment due to sidesliip was slightly largsr than the require—
mont - of réference 1 which statcs that legg thsn 1° of elevator movement
should be required to maintoin longitudinal trim whon the rudder is

- deflected 5°. At large angles of sideslip, the Hurricene displayed an

unusually large negative pitching tendency. This tendency did not
‘become  apparent at sideslip angles less than about 5°. It does mot’
interfore, thersfore, with the ability to train the guns on a target
by slightly deflecting the rudder. In sideslips of large masnitude,
guch ag those made intentionally to loso altitude, or those caused
inadvertently by the yawing moment iue to rolling, the pitching
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tendency became very annoying to the pilots. As can be geen.in fig—
ure 22, app“oximately 17.5° up~elevator deflection from the.trim
condition at zero gideslip was required with meximum right radder
deflection in the climbing conditicn at low speed. This elievator
deflection is much larger than the range of elevator angles used Tor
trim throughout the speed range in unyawed flight., The pitching moment
due to sideslip is believed to be caused partly by the decrease in
dovnwash on the horizontal taii when it moves from behind the center.
gection of the wing in yawed flight, This explanation appeasrs iasdequatc
to account for all of the observed pitching moment. It 1s poseible that
goparation of the flow at the wing root on the downwind side of the
fuselage may blanket the low aspect-ratlio teil surface or may even cause
an upwash to act on this half of the tail, resulting in the large neg-
ative pitching tendency. ’

Ag was mentioned in connection with the cross-wind force character—
istics, the pilot found it difficult to maintain unyawed Fflight at low
speedg. Because of the pitching tendoncy in sideslips an inconsigtent
variation of angle of sideglip with speed would be expected to caugs-
scatter in the points for the curves of rudder engle, slevator anglo,
and elevator forco agsinst speed. In view of this fasct, the congistency
of the points plotted in the shatic—sgtability messurements (figs, 8 and 9)
is congidered satisfactory. The scatter which dces exist may be explained
on thig basisg, : . ; :

The pitching down whlch occurred. in rudder kicks is shown by the
curves of normal accelerstion that are plotted in figures 29 and 30, In
rudder kicks to the right, the zirplane always pitched down. The inten—
glty of the negative scceleretion for & glven sideslip was proportional
to the speed, Inssmuch s8 nesative accelerstions cavsed the engine to
cut out, and due to the violent nature of the pitching tendency, rudder
kicks glving a change in negative scceleration greater than 1,5g were
not made. At 240 miles per hour, a rudder deflection of only 4° to the
right was sufficient to cause a chanze in acceleration of -lg.

In rudder kicks to tho left, the airplene initially pitched up.
At large rudder deflectiong, the ailrplane pitched down violently as soon
a8 the sideslip angle had started to build up. For small rudder deflec—
tions, however, the airplane continued to pitch up throughout the
manouver. The initial pitching tendency o” the airplane in rudder kicks
was attributed partly to the gyroscopic moment of the propeller, which
caugses the airplane to pitch down when it yvaws to tie right and up
when it yaws to the left. The final tendency to pitch down in rudder
kicks to either side 1s caused by the pitching moment due to sideslip which

wag measured in steady sideslip tegts, Tnis effect ig not very powerful
untll the sidoslip angle oxceeds about 5%, The pitching motions caused
by use of the rudder ere, of course, very undegirable.
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Power of rudder and sileron trimming deviceg.— No trim tabs were
provided. on the Tudder or ailerons end, ag " entioned previonsly, the
pilots consider=d the rudder forces for trim rather heavy., No measure—
ments of rudder forces required for trim were mede. The eileron forces
required for trim were light because of the light forces required for
small aileron deflections. Tho sileron angles required for trim are
plotted in figures 8 and 9. ; : '

STALLING CEARACTERISTICS

The stalling characteristics of the Hawker Hurricene airplane were
studied by recording the movements of the controls and the motions of
the -airplane in the stall aporoach, the stall, and in recowery. Stalls
wore made in ths climbing, giidirg, landing, and wave-off conditions
of flight with the gun ports cpen and closed, In most cases the controls
were held. in their trim positions after the gtall, though in gome stalls

:control of - the stalled alrplane wasg a*tempc“d

The rec>rds of rapresontative gtalls are prespnted ag fime histnries
taken from the instrument records (fiys. 31=34), In no case wap the
stall very violent. Recovery from & stalled condition could always be
accomplished by normsl use of the confrols.. The stelling characteristics
in the various conditions were determined to be as follows:

1l, Gliding condition.— In the-glidlng condition with gun ports
open, a center section flow breakdown first geeurred which caused the
airplane to pitch down. This motion would ordinarily serve as a stall
warning. When the stick was held back, however, a left -roll occurred.
This roll stopped of its own accord when sbout 20° bank had been reached,

Figure 31 shows that about the sarie mution occufred when the cuduex was

uged to check thv rolly

Ordinarily attempts at control resulted. ln & rolling ogcillation
of Increasing amplitude., With the gun ports closed a glower. left roll
occurred., 0 iy sEeriamn :

2, Climbing condition.— In the climbing condition with gun. ports
open, there was very little tendency of the sirplane to roll. Tho
increased rearward motion of the stick near the stall, vhich wag shown
in the static stebility measurements, served as a sliﬁht gtall warning.
As the stall was approached, a slowuncontrolleblelielt bank and sideelip
developed. With gun ports closed a tendency to pitch down was followed
by a rolling oscillation of slowly increaging amplitude as shovn in Tig-
wre 32, The large amount of left sideslip which occurred in straight
power—cn flight neay minimum speed is shown in this figure, Thils sideslip
is not apparent to the pilot becauge 1t occurs while the wings are
laterally level, The lsft side force and yawing moment on the propeller,
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caused by the high angle of ettack of the propeller axis, are belleved
to be respongible for the development of the sidesliv.

3. Landing condition.- In the landing condition with gun norts
open, a pitching down tendency served ag waiming of the stall, This
vas accompanied by lightening the stick force which gsve the pilict
the impression of longitudinal insgtadbility. A fairly rapid roll-off
either to the right or left followed the initial pitching. TFigure 33
ghows a time history of such a stall, With the gun ports closed, the
alrplane showed no tendency to roll off unless the controls were used,
A pitching oscillation developed after the stall in thies case.

A blast of air through the cockplt on the pilot's face was noted
at the stall in the landing condition, A similar occurrence hag besn
noted to precede a ground loop on other airnlenes.

Since ground—looping characteristics ave closely related to the
gtalling tendencies of an airplans, it would be well to mention at this
point that no ground-looping tendencies were displayed by the Hurricane,
in spite of the afore-mentioned air flow through the cockpit. One
reason for this appears to be that the ground angle was scumewhat less
than the stalling attitude, as was proved by the fact that tail~first
landings could readily be made. '

L. Wave-off condition.-- In the wave—off condition, there was no
tendency to roll off with the gun ports either open or closed. A slow
uncontrollable left barnk and sideslip developed when the stick was
held back. Figure 34 shows a time history of a stell in this condition,

5. Maximum 1ift coefflcients.—- The stalling specds and lift
coefficients at the minimum speeds obbained are listed in the following
table, In flight conditions where no marked roll--off occurred, the
minimum spesd was difficult to define and varied by as much as 5 miles
per hour in different atall attemnts., The velues tabulated are the
average stalling speeds for each condition. In some conditions only
one or two stalls were made. Therefore these values may not be
represcntative of the average stalling speeds in these conditions.




il

{Condition Gun ports opsn Gun ports.oloséd
Stells| Indicated|Maximun Stalls IndicatedIMaximum
aver— |stalling !1ift aver— | gtalling |1ift
aged |specd,mph]cosffi—{aged | speed,mnph ooeff1~

cient | clent

gliding b - 89.5 1430 % 86.5 : 1.1'»3

climbing 2 4.0 1.92 1 70.3 2.1k

landing 8 72.6 2.00 2 70.3 2,14

wave—off & 66,2 2.h0 2 6L, 2 2 5k

The values appeer to ghow a consigtent Increase in maximum 11ift
coefficients of about C,1 or 0.2 with the gun ports cloged over thosge
obtained with the gun ports open. This incresnse is gimilar to that
obtained on other sirplanes with wirg gun installations.

Ag shown in the stetie stablility measurements, an increassd rear—
ward movement of the stick wes required near the astall, his motion
indicates that flow separation occurred first at the center section.
Buffeting caused by the stalled flow werned the pilot, of the impending
gtall vhile he still had available rcarward stick motion before a roll
could cccur, This type of stall werning was particularly valusble in
preventing rolling instabllity In accelerated flight.

CONCLUSIONS

The flying gqualitlesg of the Hawker Hurricasne may be briefly
coumuarized in terms of the requirements of reference 1 as follows:

1. The short-mericd longitudinsl oscill?t¢on was safis actorily
heavily damped in all conditions tested, -

2. Static longitudinal stabiljty wasg SatisfactorV‘except fior:

a. Friction in egevator—contro! sydtem which masked forco
gradients,

b. Instability with climbing power. flaps up, gear up at
indicated alrgpeeds between 100 and 150 miles per hour.

¢. Unstable stick force gradient in the landing conditlon
at low gpeed.
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3. The stick force gradient in meneuvers was 8.1 pounds per g.
Thig exceeds somewiet the recommended upper limit for pursult asirplanes
of 6 pounds per g.

4, The stick-position change with angle of attack in manenvers
was approximately 2.5 inches. This value ig about A0 percent of the
4—inch stick-position changs recommended in reference 1.

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

6. The longitudinal trim changes due to changes in engine power,
flap position, or landing-gear position were desirsbly small,

7. The elevator teb was incapable of trimming the airplane below
140 miles per hour with flops and lending geer dom,

8. The demping of the latersl oscilletion was not measured. No
ebnormel or undesirable characteristice were noted, however, in this
rospect.

9. The alleron control was adequate at low apeeds but somewhat «
weak at high speeds. The helix angle pb/2V at 0.8 maximum level
flight speed was consgideradbly below the value of 0.07 radian svggested
in reference 1, unlesa stick forces far gresater than 30 pounds were
applied.

10. Aileron yaw wes satisgfactorily small,

11. Dihedrasl effect wasg practically zero for power-off flight or
in high~speed power-on flight, At low speeds with power on, dihedral
effect was definitely negative, particuiarly for sideslips mede to the
left. The requirements of reference 1 were not met in this respsct.

12, The rudder was adequate for dealing with aileron ysw end for
directional control in landing or takc--off.

13, Dircotional stabillty wag satisfactory in all conditiong tested
except for friction In the rudder-control systen.

14, The pitching moment due to gideslip wae excessive for large
rudder deflections. The requirement of reference 1 which is based
on the elevator correction needed for 59 rudder wes veory nearly
fulfilled,




15, The gtalling characteristics in normsl flight or in mansuvers
were conaidered excellent. In three~point or siightly tail—-first
landings, rolling or yawing momente due to stalling were not evident.

|
|

Langley Memorial Aeronsutical Laborabtory,
‘ National Adviscry Committee for Peronautics,
\ Langley Field, Va,, April 20, 1Gu42,
|
|
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