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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPOR

STALLING CHARACTERISTICS OF THE SUPERMARINE
SPITFIRD VA AIRPLANE

By J. R, Venssl and W, H. Phillipse
SUMMARY

An investigation of the stalling characteristices of
the Supermarine Spitfire wasg made as part of the flylang-
qualitiss measurements of this airplane. The results of
the tests are presented as time histories of the motions
of the airplane and the controls during stalls in various
conditions of flight,

The Spitfire poscessed good stall warning in the form
of buffeting. Very little stick travel wns regquired to
reach the start of the stall fiow breakdown, but the stick
could be moved well back before lateral instadbility oc-
curred.

Phe motion of the Spitfire in stalls was not violents
in slow angle-of-attack changes or in steeply banked turns,
the nose tended to ecase down at the start of the stall and,
even beyond maximum 1ift, no violent motions occurred. 1In
steeply banked turns with the gun ports open, however, une
controllable rolling instability was noted after an unmis=-
takable Warning in the form of buffeting cccurred,

The maximum 1ift coefficients obtained in all condi-
tions of flight were considerahly lower than are normally
reached by airplanes of comparable type.

INTRODUCTION

The stalling characteristics described in this report
were determined as part of a program covering the_flying-
qualities tests made on the Supermarine Spitfire VA air-
plane at the request of the Army Air Forces, Materiel Divie
sion, The stalling characteristics were studied more thor-
oughly than usual because they were considered to be more




desirable in some respects than those of any of the pursuit-
type airplanes formerly tested in a similar manner. This
paper was originally issued as a memorandum report to the
Materiel Division, Army Air Forces.

APPARATUS AND TESTS

The Supermarine Spitfire is a single-engine, singlew-
place, low-wing cantilever moncplane with retractabdle
landing gear and partial-span split flaps. (See figs. 1,
B &, nnd 4.)

Througkout these tests of stalling characteristics
the gross weight of the airplane was maintained at approxe
imately 6184 pounds and the center of gravity was at ap-.
proximately &1l.4 percent of the mean aerodynamic chord.

TACA recording instruments were used to record the
following items:

1. sAizspeed.

2. Posltiong of the rudder, elevators, and ailerons,
B¢, Angular veloeity,ln_rell,

4, Angle of sideslilp.

5. Normal, longitudinal, and transverse accelerations.

6, Blevator force or rudder force (in some cases only).

Thege instruments recorded photographically and were syn-
chroniged by means of a timer.

TheAairspeod recorder in the Spitfire was calibrated
by flylng in formation with another airplane. The alrspeesd
recorder in the other airplane was calibrated by means. of

a trailing airspeed head.
airspeed meter is shown in

For most of the stall
slip was measured by means

The calibration of the pilot's
fisuane 5,

measurements, the angle of side-
of a yaw vane attached to a boom

extending a chord length ahead of the loft wing tip. In

order to determine whether

any orror was introduced by an-




3

gularity of local flow at this point, some stalls werc made

with yaw vances attached to both wing tips.

The true angle

of sideslip of the thrust axis was assumed to be midway
between the angles recorded by the two yaw vanes.

Wool tufts attached to the upper surface of the wings
allowed the pilot to observe the development of the .flow
breakdown at the stall, :

The variation of elevator angle with control-stick

position is

shown in

figure 6

and the variation of

alleron

angle with control-stick position is shown in figure 7.

RESULTS AND DISCUSSION

The results of the measurements are presented as time
higtories of the control motions and motions of the alre
Plane in typical stalls made in various conditions of

filtght (figs.:8 t0,19).

across

the wing are

Diagrams of the behavior of the
tufts indicating the progression of the stalled region

also shown,

Stalls were made

with the

gun ports open and also with them covered with doped fab—

nriesin each.0f the fiollewing conditions of £lizhv:

Manifold | Engine | Radiator Hood ] Landing
Condition | pressure | speed | shutter ‘?zi “_2? gear
(dne He) | (rpm) | position |FPOHARAOD | ROSLLLOR L vostsdon
Gliding throttle e closed closed up up
E closed
Cruising | 36.9(3% | 2650 | flush closed. “up up
1t/sq in. ;
boost)
Landing throttle | ——==-- closed open down down
closed
Landing e1.4(=4 | 2300 opmen open’ down down
approach | 1b/sq in.
: boost)

In each condition,

: ‘ stalls were made by very gradually
reducing the airspeed while the wings were held laterally



level and the heading was kept constant. In some stalls,
an attempt was made to hold all controls fixed in the po-
sitions required at the first sign of the stall; whereas
in others, the elevator was continuously ralsed after the
start of the stall in order to keep the speed from in-
crensing, snd the other surfacecs were moved in an attompt
to " maintaln” cornbroel .,

The rosgulfs of the measurements in the various flight .
conditions arc summarized as follows:

Stalling characteristics in the gliding egndition of
flight,~ In the gliding condition with the gun ports cove
ercd, the airplane showed no tondency to roll off. Fig-
ure 8 shows a stall in which the controls wore held approx-
imately in the positions roquired at the first sign of the
stall., At specds of about 10 miles per hour abovse the
minimum speced, the tufts at thce trailing edge of tho left
wing root were observed 1o reverse and buffoeting was folt
in the olevator and rudder controls: This buffecting
causcd a fairly violent and unmistakable shaking of the
girplaneces In figuro 8 and"thoe following time historiocs,
the bpuffeting is indicated on the figure by an oscillation
of the normsgl acceleration record, Actually all the in-
strument .records showed vibrations, but it was fthought
unnecessary to indicate this fact on the time histories.
The gpproximate amplituds of the variation in normal ac-
celeration is shown by the plotted curve, but no attempt
has been mede to reproduce the frequency of the oscilla-
tion that was recorded.
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At approximately 6 miles per hour above the minimum
speed, the tufts fluctuated above the entire loft side of
the conter section and somc right aileron motion was need-
ed to maintain trim. A mild pitching and yawing oscilla-
tion devoloped, but no tendcney to roll was obsoerved. In
no casc did the flow ahead of the ailerons separate fron
the wing surface.

The shaking of the airplane caused some movement of
the controls, in spite of the cfforts of the pilot to hold
them fixed, Thec uncontrolled stalls may bo distinguished
from the controlled stalls by the fact that a large amount
of up clovator was applicd during the controlled stalls.

Figure 9 shows a gliding stall with the gun ports
coverced in which the stick was moved far back aftor mini-~
mum specd was recached. Use of the ailerons finally re-




sultecd in the development of a rolling oscillation and the
violont buffetirg continued throughout the stall., As in
tho previous stall, the only portions of the wing from
which the flow secparated were the left side of the center
section and the extreme tips. Lateral and longitudinal
control sufficient to prevent any violent motions were
still available beyond the stall, though there was some
lag in response to the controis.

The effect of uncovering the gun ports in the gliding
condition is shown in figures 9 and 10, In this case, the
stall progressed symmetrically outward from each side of
the fuselage at the wing root; a very mild lateral and
pitching oscillation was observed to accompany the fairly
violent buffeting. If the stick were held all the way
back, & lateral oscillation would develop which eventually
led to a complete loss of lateral control.

The aileron control after the start of the stall in
the gliding condition was investigated by abruptly de-
flecting the ailerons., The rolling velocities thus ob-
tained were groater than those occurring for the same ail-
leron deflection above the stall, probadbly becausec of the
roduced darping in roll of the stalled portion of the
wing. An interval of about 0.7 second clapsed betwecn the
time the nilerong were deflected and the time maxinum rolle
ing velocity was roancked, Thoe rolling velocity was al-
ways in the correct direction.

In the gliding corndition, as in most other conditions
of flight, the buffoting preceding the stall served as a
desirable stall warning., The rearward motion of the stick
requirod %o start the stall was small, but 2 large rear-
ward motion of the stick could be nmade without causing
violent motions of the airplane.

Stalling clinracteristics in tho cruising condition of
flight .~ In the cruising condition, therc was essenticlly
no difforcnce in the types of stall that occurreod with gun
ports open or covered, as shown on figures 12 and 185" The
wing tips beyond thc ailerons stalled firs%, apparcntly
becausc the slipstream preventod separation of flow from
the conter section, Slight buffeting and rearward motion
of the stick startod about 5 miles per hour above minimum
speed, though the tufts at the center soetion did net re-~
versc., A considerable amount of loft sideslip was noces-
sary to hold the wings level noar the stall. This sideslip
did not occur in the power-off condition. When the minimpun




speed was reached, both wings stalled almost simultansously,
and a relatively mild right roll occurred. The pilot noted
that thes elevator was rather ineffective in pitching the
airplane down after the stall.

Figures 12 and 13 show that the rolling velocity was
not checked until approzimately one-half second had elapsed
after the application of down clevator. This time inter-
val is longer than has been measured in tests on other
airplancs.

Stalling characteristics in the landing condition
flight.~ A time history of a stall in the landing cond
tion is shown on figure 14. The development of the stall
was tho samec with gun ports opcn or covercd. At a spcoed
of about 10 miles por hour above the minimum speecd, tho
tufts roversed in a region on the loft side of the contor
section near the loadinz odge, but tho tufts at the traile
ing ocdgc did not reverse.

lO
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Buffcting sct in whon this scparation took placc.
Figure 14 shows that a lateral and pitching oscillation of
increasing amplitude developed if the controls were held
fixed, With elevator full up, however, some measure of
lateral control could be maintained by means of the rud-
der and ailerons.

Stalling charncteristics in the landing approach
condition of flight.~ During actual landing-glide ap-
proaches with the Spitfire, control of the angle of attack
was more difficult than in some other pursuit airplanes
because of its lack of longitudinal stability. The unmis-
takable stall warning in the form of buffeting and the ex-
tremely mild stall iteelf, howover, pormitted the pilot

to make tail-first landings without difficulty. A notice-
able stall flow breakdown did occur, which eould be felt
aflale *ilasheyon ' thouleoftuesiderof thebilot'sifubo,. Just
&t the 'throe=point 'contact. Tho Spitfize did not -oxhibid
any marked rolling or yawing tendencics cither at contacth
or Inrtheslanding runy

In the landing-approach condition, with gun ports
covercd, the:stall was similar to that in the landing
condition, with the cxcoeption that considcradble rudder and
ailoron deflections wore reoquired to maintain trim necar
minimum speed., Filgure 15 shows the time higtory of a
stall in this.condition, '




With gun ports open, tho flow separated from the out-
board wing panels before the center section stalled. PFicz
ure 16 shows that control was maintained in this conditio
for several seconds after the stall, but a mild right roll
eventuvally occurred.

k)
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MAXIMUH LIFD CCEFFICIENTS FOR VARIOUS FLIGHT CONDITIOQNS

The meximum 1ift coefficients as measured in various
conditionsg of flight are shown in the accompanying table.
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The maximum lift coefficients obtained are consider-
ably lower than normal. Apparently the desirable siall
warning is obtained at the expense of high maximum 1ift,

STALLING CHARACTERISTICS IN MANEUVERS

The stall warning possesscd by the Spitfire was espe-
cially beneficial in allowing the pilot to reach maximun
11f% coefficisnt in accelerated maneuvers. Because of the
neutral static stability of this airplane, the pilot ob=-
tained no irdication of the 1ift coefficient from the mo-
tion of the contrel stick. Nevertheless, he was able to
pull rapidly to maximum 1lift coefficient in a turn without
danger of inadvertent stalling.

Figure 17 shows a time hi
which the stall was reached.
neuvers was very
¥ith zun-porbts o

)

story of a 180O tuyn in
The sgtall in accelerated ma- o
gimilar to that in the gliding condition.
osed, the pilot was able to pull the

stiek far back thout losing control or interrupting the .
turn. The airplance tended to pitch down when stallsd and

to recover by itself if the stick were not pulled Dback.

It would be possible for a pilot pursuing an enemy in a

turn to bring his sights on him momentarily by pitching
beyond the stall without fear of rolling instability.

¥ith gun ports open, a right roll occurred if more
than about 10° up elevator were applied. This reaction
caunged the airplane to roll out of a left run and into a
right turn. Time higtories of these maneuvers are shown
on figures 18 and 19, In spite of the lateral instabil-
ity that occurred in turns with gun ports open, the pilot
was able to approach maximum lift coefficient closely Dbe-
cause of tihe desirable stall warning. The maximum 1ift
coefficient renched in turns from level flight with flaps
up was 1.,22. The airplane could be flown beyond the stall
at cven lower 1lift coefficients. '

This value of maximum 1ift coefficioent is closer ‘to

that reached from stalls in straight flight with power

£f than the value reachod with power on beecauso the slip-

strcam cffoets in high-specd turns are relatively .small,
The low valuc of the maximum 1ift coefficient offsets, to

some cxtent, the benefit gained by the Spitfire from its y
low wing loading in making turns of small radius, Good
stall-warning charactoristics =2ppcar to be essontial on




an airplane with noutral static stability. 1In airplencs
tcsted previously, which had ncutral static stability and
poor stall warning, inadvertent stalling in rapid manocu-
vors was practically unavoidable. The stalling charactoer-
istics of tho Spitfire are thereforec its redeeming feature,
It would be desirable, however, to obtain these character-—
isties without sacrificing a high value of the maxluum

By ftcoerticient .

COWCLUSIONS

The Supermarine Spitfire airplane possessed stalling
characteristics essontially in compliance with the re-
guircments for satisfactory stalling characteristics glven
in rofercuce 1, These charactoristics may be summarized
as follows:

le Warning of the completo stall was provided by the
oceurrence of buffoting that set in at speeds several miles
per hour above the minimum spsed and by the rearward move-
ment that could be mnde with the stick after the start of
the stall flow breakdown without causing violent motions
of the airplane,

2, Stall recovery couvld be made by application of
down elevator, although the recovery from a roll was some-
what slower than has been measured on some previously
tested airplanes,

3. The airplane exhibited no dangerous ground-looping
tendencies in landing. Taill-first landings could be read-
i1y made without thoe occurrence of either lateral or direcc~
tional instability due to stalling,

The sirplane possesscd some unusual characteristics
in stalls that are not requircd.in refercnce l. Tho mo-
tion beyond the stall was not violent and an unusual
amount of lateral control was available in many flight
conditions, even when full up clevator was applied. The
good stalling characteristics allowed the airplane to be
pulled rapidly to maximum 1if% coefficient in accelerated
maneuvers in spltec of its neutral static longitudinal
stabllity.

The maximum 1ift coefficioents available in mancuvers
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with flap up and in all conditions of flight tested werc
considerably lower than are normally reached by airplanes
of, simdiazr.type.

Langley lMemorial Aeronautical Laboratory, :
National Advisory Committee for Aeronautics,
Langley Field, Va,
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Figs. 1,2,3
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Figure 1l.- Side view of the Supermarine Spitfire airplane.

Figure 3.- Front view of the Supermarine Spitfire airplane.
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