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SUMMARY

Instruiented spinning tests on this aircraft were completed in bhoth
the normal and inverted attitudes., The normal spin showed the character=-
istics of the smooth and coscillatory type dependang upor. the control
configuration; being oscillabtory with pro=<spin aileron and smocth with
anti-spin aileron. The recovery was satisfactory in each case,

Irverted spins of up to six turns were completed and showed satis-
factory characteristics both for the spin and the recovery.
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1 Introduction

Tt has heen recognised for some time that the spin and recovery
standards used in the spinning tunnel geve resulis which were far from
correct for the full scale spin of some aircraft, The largest discrepan<
cles eppearcd to occur when the ratic of the pitching to rolling moments of
inertia was different from umity i.e. B/4 << 1 or B/p»>> 1.

When B/, was large, two marked diflerences between the model and full
gcale spin and recovery became apparent,

(1) The recovery from the full scale spin was much casier than the
medel standards predicted.

(ii) The full scale spin was often extremely oscillatory, showing
large changes in the rates of roll and pifch during the spin.

In crder to investigate these effects a series of spinning tests on
geveral aircraft Lave been started and the tests dcscribed an this nofe on
the Provost were one of this seriecs, The inverted spin and recovery
characteristics were also investigated and are of special intercst as these
tests are probably the first recorded results in the invorted span in thuis
country.

The Provost is a P2=seat single engined clementary trainer, A G.A.,
photographs, and acrodynamic data sheet erc given in Figs. 1 and 2 and
Table T.

2 The aircraft loading and instrumentation

The aireraft was flown ot two C.G. positions in the course of the
tests, the corresponding weights and calculated inertia distribution are
given in the following tsble.

TABLE TT

Adreraft Loading

Weight 1b' C.G. position | Moments of inerfia |

L2850 l 0,271 SMC \
4325 l 0,297 SC | )
A 6k, 92k y
] B 131,035 ) lrtlm;s
| C 483,175 i )ca culations

The weights and C.G. positions quoted here apply strictly to the start
of the series of spins for each flight. However, since the fucl used
during the tests on cach flight was only about 10 gallons, the C,G. shilt
and charge 1in weight were small.

The instrumentation used is detailed in the table below,

/Table



TABLE IIT

Instrumentation

Qrantity to be measured Instrument used Range
Angular velocity about | Roll gyro p' | 5 rad/sec
body axes Fitch gyro q' | #1.75 rad/sec

Yaw gyro r' | 4 rad/sec
Acceleration along Aeceleration x! Hg
body axes " y! Hg

" zt ] =1 to +5g

Por anverted spins | and ~5 to +ig
Rate of descent Altimeter
Control engles Rudder )desynns

Flevators) |

H

These instrumeats were arranged in # standard auto-observer and photo=
graphed by & Bell and Howell 35 mm camera at 8 frames/second,

The flying technigue

The entry to the spin in all cases was from a straight 1 g stall,

Toe control movements used during the spins wond recoveries were:-

(1) Nomal recovery

At the stall, full pro-spin rudder and elevator fully up were
applied with the ailerons maintained neutral. For the rccovery, full
opposite rudder was applicd followcd by the movement of the control
column forward until the spin stopped. When the spin stopped the
controls were centraligsed, This i1g the standard R,A.P. fechnique
for the spin and recovery.

(ii) Use of aileron

Condations as for (i) oxcept that the ailerons were appliod
fully pro~ or anti-spin throughout the spin and recovery.

(iii) Rudder only recoverics

Conditions as for (i) except that the elevators were meintained

in the up position throughout or held against some predeftormined
artificial stop.

(iv) Spins with flap down

Conditions as for (1) with fl:p down.

fv) Spins with engine on

Conditions as for (i) with engine on

(vi) Spins inverted

{See section 6.0)



4 The spin

In the normel spinning condition (zilerons neutral) this airera;
sppeared to be on the bordsrline between the oscillafory and smooth spin
and gquite often some small difference in the entry conditzons would mele
one spin cscillatcry and the next smooth., This aspect is dascuseed in the
following sections for various control confisurations 1a t¥e spin, A& sum-
mary of the characteristics of the spin 13 glven in Table IV,  The »mzilod
of analysis of the rosults to obtain the more important persmctecs of the
spin is given in Ref.d.

L4o1 The normal spin. (A1lcrons neutrsl, engine idling)

Auto=ohsorver records of twoe sustained spins, onc to port and one to
gtarboard, arc shown in Fags., 3 and 4. In the spin wo pert, the osaal-
lations in the rates of rotation about body axes in the incapicrd spin are
slowly demped out zxnd a smooth spin devzloped by the fafth turn; on the
other hand, %these oscillations in the spin to starboard are mazntaincd
throuchout the gpin at arprozimately constant amplitude. The mean rate of
pitch and therefore wing tiit was very much greater in the spin to star-
bozrd. This inveltes large antl-spin inertis couples which are destabilas-
wng to the yowing equilibraum in the spin and thus the coscallations fend to
be mainteined. Frow the pilots point of view the aircrati could be
descrabed as "wallowang" in the spin with the wng tilt changing irom fthe
ouber wing 20 to 30 degrees wup, rclative to the horizon, to the oufer wing
slightly down. The mctzon is not nearly as violent es the fully developed
cscillatory spin described later., When the C,G. vas moved fo the aft
posztion the amplatude of the vscillations was, in gemerel, increzscd fo
the fully dcveloped oscillatory spin although occasionally a smooth gpin
would develop in a spin to pert, A typical auto~observer record of the
spin waith the C.G. 1n the oft positron irs showm din Magz.5.

A summary of the main features of the sving are showm in I'gz.17-20.
Figse 17=20 are feirly self cxploanitory and sheuld prove to be most uvseful
in the comparison of these full scale results with model tests.

F15.1¢ shows that therc is a fairly wide asymmetry botween the wung
tilts 1n the spins %o port and starboard. It is not normal to expoct sucn
a wide dafference and 1t must be attributed to asymmelry in the circralt
1tsclf, rathcr than slipstroom or polar momonts duc to the engrne and
propeller. Some small asymmetry in the alrcraft was probebly escentuatad
by the aircraft being almost on the boundary between the smooth and cscilla~
tory spins,

In tko oscillatory spins, the mean wing tilt is always much greater
than for a similar smoobth spin and 2t wes a chorsctoristic of {this airerali
that the spins to port were always smoother than the spins to slarhoard,

4se2 The effects of aileron applicasicn on the spon

The effects of aileron spplication on the gpin of thiz aircraft were
sumilear to those expericnced onm ths Boalton Paul Balliol {ref.1) Anti«
spin aileron rediccd the average angle of positive wing $1ilt ond sroothed
the span. A typical aubo-observer record is shown in Fig.6. Whe aati-
¢pin axleron wes appiied, approxaimalely 2 scconds affer frll pro-znin
radfiier was applicd, ard was mainvoined an the anti-spin directzon uatil the
rocovery wos completed,  The $wo second delay was poocssary belore applying
eileron, a8 1n some cases, if the arleron was applied at the stall it pre-
vented a spin developing and the aircrafv entered a stalled spiral.



It is particularly interesting to note that the incidence of the spin
using amti~spin aileron is less than the average for the spin with ailerons
neutral and this xs probably associated wath the reduced rate of rotation
experienced during these spins, The aprlication of pro=spin aileren a.imost
invariably produced a full oscillatory spin; auto observer records are shown
in Figs. 7 and 8. Very high rotes of descent are experienced in this type
of gpin, heing up to 30% higher than that for the smooth spin at the same
mean incidence,

he3 The spin, engine on

A check was made of the spirming characterigstica of this aircraft when
crulsing power was maintained throughout the spin and an aubto observer reccrd
18 shown 1n Figz.9. The most important chenge in the characteristics of the
spin was the increase 1n the mean radius of the spin by approximately 60%.

A change of this type was expected from considerations of the equilibrium
of the spin,

Lol The spin, flaps down

As an 1nitaal check, eight ‘urn spins with take~of flap down were
tried and affer it had been snown that the characteristics of the spin and
recovery vere little changed eight fturn apins using full flep were recorded.

The aircraft was very reluctant to enter the spin and the first turn
required zight seconds to complete. The rate of rotation throughout the
spin was slow with some airframe judder and mild pro=spin aileron matfch.
Recovery was normal, no difficulty was experienced in kecping the I,A.S.
below the meximim allowed with flaps down even during the rccovery dive.

L5 Spins wath restricted elevator travel and with the elevabtor moved
down diring the spin

During the spinning trials on the Provost at A & ATE, it was found
that if the up travel of the clevators was restricted, thon the spin becomes
muach smoovher than when the elevator i1s allowed its full travel., No obvious
explanation of this characteristic was deduced at the time and 1t was
decided that further tests should be made durang this investipgation at R.AE,

The elevator ftravel was therefore limited in two differcent ways.

(i) After the spin hal become established with full up elevator,
the elevator was moved down to some predetermined posaition and then
held faxed for fhe remainder of the spin.

(ii) 4n artifacial stop was provided so that the elevator travel
was reduced at all tumes.

Tho change in rate of rotation, incidence, and the oscillatory
character of the spin were sumilar for a given clevator movement whether
the clevator angle was lumited to a particular angle beforc the stall or
moved affer scveral turns of the spin.

Typical cxamples of the effects on the spin of moving the elevator
down arc shown in ®igs. 10 and 14. In Fig.10, for 2 changc 1n elcvator
angle of 34°, the aincadence of the spin and thereoifore the rafte of descent
remaing almost unchanged; the rate of rotation and M verc increascd from
2.26 t0 3.26 radians/second and 0,284 to 0.41 respectively, In Fig.11
the spin was smoothed considerably =nd the incidence was incrcased.



yWhen the elevator travel was limited to =199, it was impossible %o
reduce the aircraft speed to the 1g stall but vhen full rudder was applicd,
the aircraft could enter a very steep spin, which, in gencral, flattened
progressively to 45 incidence. On one occasion, in a spin to starbeard,
a vory stcep spin with a wvery high rate of rotstion developed.

A summary of the rates of rotation as a functaon of elevator angle
Tor the steady spin is given in Fig, 20,

5 The rcecovery

5.1 The gormal rocovery

The recovery from the spin was in all cases very satislactory and
was completed in an average time of 3 seconds or one twun of the spin. A
comon characteristic of the recovery from the smooth spin was an inereasc
in the rate of roll to approximately 3 radisns/second before recovery was
completed,  (Figs. 3 and 4).

5.2 The reeovery, rudder only

The recovery, in this case, wae borderline between rccovery and non-
recovery.  After aprlication of anti~spin rudder, the rate of rofation in
the spin gradually cecreascd until the aireraft was rotatirg in a wadc
spiral at a rate of one turn in 6-8 seconds. This condation appeared to
be stable, although on 2 few occasions the spin stovped corpletely. A
typical example of this type of recovery is shown in Fig.t2.

53 Recoveries using oro- and anfi-spin ailcron

Fro~ and anti-spin aileron sppeared to meke little differcnce vo the
tume regumred to recover from the spin; this remained approximately the
same as that for ailerons neutral.  Although the time is unchanged the
wode of recovery s markedly altered. In the anti-spin arleron rccoveries
the rates of rotation #bout body axis fall off steadily from the slcaly
spin values 1o gore; whercas in the pro-spin aileron reccoverdes the air-
craft generally completes one further oscillation te cemplete the recovery.

6 The invertsd spin and recovery

Llthough the aircraft had not previously been spun inverted, it wos
very desairable that inverted spins should be investigated to provade
conrirmation of the tunnel predictions that rccovery should be as casy or
easier than {from the normal spin.

6.1 The technigue

The spin was rormally entered from an inverted glide, the control
column was pushed fully forward unti. the aircraft was at the point of the
stall and then full pro=spin rudder was applied, he controls were kopw
in this position until recovery was requured. For recovery full opposite
rudder wags applicd and the control column moved back until the spin stoppeds
Aftor tne spin stopped, the controls werce centralised and a normal pullout
was completed.

6.2 Results
Two, four and six turn spins in ecach dircction were complelcd. Time

historics of a two and four turn spin and six turn spins to port and star-
board are showm in Pigs.13, 14, 15 and 16,

-8 -



The only special feature of the spins was the very high rate of rota-
tion during the first turns. This may have been due to the relatively
small elevator angle applied at tne inverted stall.

The recovery was very satisfactory and the spin had in each case
almost stopped ain 1% scconds, bafore the elevators vere moved.

Two important physiological effects were emphasised by thesc testsi-

(i) When the pilot is strapped in tightly 1%t needs a very long
reach to be able to grip the control column when it is on the for-
ward stops. If the cortrol column is not held in that position but
further back, then the rate of rotation will be higher than normal
with som2 increase in the negative 'g' which may be dangerous.

(11) During the six turn spins approximately =2.25 total 'g' was
applied to the palot's head for 16 seconds., This was not serious

or really important in 1tself but its elfTccts were felt during the
pullout after the recovery from the spin., During these pullouts
both pilot and observer noticed appreciable reduction of their black-
out thresholds and it was escimated thait the blacking ocut occurred or
was abous to occcur at 3 g. Provaided that pilots are warned, this
effect should not be serious.

7 Tuft pactography

Tufts were Pitted to the starboard wing tip (Fig.2), tailplane, fin
and rudder, and could be photogrsphed from the cockpit during the spin by
a hand-held cine camera used by the cbserver. The photopgraphs of the tufts
on the tail~unit during the amooth or oscillatory spin 4id not show any
marked differences in the type of flow between the different types of spin.

The tuft photography on the starboard wing tip was much more success=
ful. During the fully developed oscillatory spin, the ftufts showed the
rising wirg tip to be stalling and unstalliing dwraing each turn of the spin,
P1g.8 shows some examples of the tuft photographs during the cight turn
spin to port, Firg.7.

It was w1nteresting to note that during the spin to starboard, Fig.3
during the milder oscillations of the "wallowing" spin, the waings rcmained
fully stalled throughcut the spin.

g Conclusions

The spinning fests on the aircraft have been valuable in obtaining a

better understanding of many aspects of the spin and recovery of an sircraft
having an inertia ratio (B/,) of 2.

The more important observations werz:=

() The normal spin showed the characteristics of the smooth and
oscillatory types depending upon the control configurations used.
The recovery was satisfactory in each case,

(i1} During the oscillatory spin the rising wing tip stalls and
unstalls during ecach turn of the spin.

(iii) The oscillatory spin can be smoothed by spplying cither anti-~spin
sileron or down elevator. Both of these control movements give a

decrease in wing tilft and an increase in the outward side slip in the
Spin.



(iv) The inverted spin on this aircraft was entered from an inveried
glide, and was a smooth spin at 459 incidence. The recovery by
correct control movement was rapid and satisfactory.

These recults will provide another series of full scale tests with
which medel spinning tests can be directly compared and this will greatly
asgiot in the derivation of new model spinning standards.

RETERENCES
No» Author Title, etc.
1 T d. Kerr and A comparison of the model and full scale
D, R, Dennis spinning tests on a conventional straight

ving aircraft (Balliol Mk.II) with
special reference to the oscillatory
navure of the spin.

Rs+A-E. Report No. Aero 2480

Feb. 1953- ARG 15971 1






TABLE I

Aerodynamic data sheel for Percaval Provest W,.G.503

, GENERATL LONG TTUDINAL CONTROL
Weight 1b. 4300 | Tail area St sq £t |48.6
Bngine Alvis Leonides | 2500 1 Elevator area

| aft of hinge line sq £t 117.8
Take-of f H.P. {5140/560
5 Tail arm & £ 17.6
Waing Loading 1b/Ft° 1 2041
Tail setting to thrust line |Zero
Moment of inertia, A, Ib/PtZ | 64942 ‘
, Flevator angle EUp ! 510
Moment of inertia. B, Ib/ft2 | 131035 Down 14, 59
Moment of inertia, €, 1b/ft2 | 183475 DIRECTIONAL CONTROL
C.G. position aft of datum 19,04" | Pin & Rudder area (gross)
sq £t [25.09
At 28.5% S.M.C. below datum 10, 53"
Rudder area
Relative density aft of hinge line aq £t | 9,26
at 15,000 Tt /b Sb 11.85
Rudder angle (Port 35¢
WINGS (Stbd, 35°
Area sq £t 211, LATERAL CONTROL
Span £t | 35.17 Type Set back hinge

. Area (each aft of hinge)

. Mean chord 't | 5.08 = sq £t | 9.07
Root chord £t 7.03 Chord et | 1.0
Tip chord 5 | L4.33 Span £t | 7.48
oot 3 N, A,C.h.

Lioot section 25015 Alleron angle EUp 252
Mod1fied Down |15
Pip section N, A C. e PROPELLER

| 112 ’

E Modified | Ddameler £t 9

i

! Aspect ratio 5.78 No, of blades 3
Angle to thrust line {at Root 30 Qoladity at 0.7 redius 0.086

fat Tap o°

Dihedral &°

FLAPS

Type N. A Coh
Slotted

Flap span 't 6,53
Plap chord ft 147

| Constant !




TABLE IV

Characteristics of the spin and recovery of the Percival

Frovost M.K.1 W.G,503

| . i
mev' i Time to Fig,
Sein Angle | @ Q0 % 0 ~RD R A ¥ 1Recy. |Resoveriy.
¥ |- Sacs,
9 Turn Port =340 | 450 12,27 43,50 +2,8° 144 ]6,25]0,277] 5.5° W 2.5 3
8 Turn Starboard WAL L0 P21 139 | 413,690167] 7.85{ 0.222| 6.0° N %0 3
& 1P Pro=apin
Alleren 00 {246 | +22,6°| +17° 200 7,3 [0.216] 5.0°0% psa | 2.0 3
8 T8 Antie-spin
Alleron 33,59 12,05 | 470 | +5.80 170 110.56 | 0,212 7.0°% 5 A2A | 2.5 6
8 T8 Prowspin
&Llleron N P34 3.5 )
8 TP Anti~spin
Alleron WE012,7 ) =3% | =2,3% 0154 | 7,90 0,218 6,5°1 asa | 3.5
8 T8 2600 rim - N
2 Boost 529 11.93] +19° {+11,5°] to [0,0 | 0,202 | 8,0° Engine | 3.5 9
on
8 TP 2600 rm - N
2 Boost 3%65° { 2.26 | 416,59 | +12.7° | 1€0 {12,435 0,248 { 10,0° | Engine | L.4
on
8 T8 Full Flap 41,59 2,13 | +17° [ +12,7°{ 130 7.83} 0,204 | 7.5% w 3,2
8 TP Full Flan he6P 2.5 +5.5°] +4.59]| 150 5.78{ 0,287 5,5°0 W 3.8
8 TP We 2,38 +6,5%] +1,7°} 1c| 6,19 0,299 6.0°) r.0 13,0
6 TP Elevator
Neutrel } o 450 {3267 +2,501 +1,80 [ 140 3,91 | 0,408 | 5.0°|Elev.N| 3,7 10
Elevator up 419 2,26 +8° +5.,50 { 1P D28l Eleve N 10
G TP 30 | 2,84 +10° +7.8% 110§ 5,72 0,356 | 6,5° =.0,
8 78 8tick woved
CLghtly fod, 2% | 2,47 [+17°  |412.6%[150] 6,32 0,271 | 6,09 | 25 | 11
873 u n =2h% | W2 12,52 {+18% 41,6910 6,25] 0,316 £.5° N 25
8 TS Stick moved
slightly twd. =20 269 | 2,80 | +17,5% [ 14,200 150 | 6,23 0.351 | 7,0°| ® 3,0
{rom stall
8 TP Aft C.G, hzv 12,191 +3.5° | +2.6°) 150 6,58 ) 0,257 | 5.5° wm 3.5 5
8 TS Stick moved -0 Q 0 [} 0
SLightly twd, 1 e 2,47 | +17.00 | 412,69 (140 | 6,22 | 0,310 | 6,5 N
8 T8 stick moved
slightly fwd, =219 | W% 2,19 [+17.0% {+11,2°1 180 | 6.65] 0,238 | 5.5°] W
after 3 turns
8 T8 Aft C.0, N 2,5
8 15 AL C.G. ¥ 2.0
8 TP Aft C.G. N 3,0
8 TP Elavator row
stricted 30 =31% | 53,50 | 2,7 | +6,5° | L, 79134 5.3 | 0.2k | 6,0°0 N 3.5
t ;
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TABLE IV {CONT,)

Wt.2078. CP2UC,K3 - Printed wvn Great Britain

Spin Elev, 0 R A Recy Eek:avzg’ rie.
o % R . o Hoe
Angle * J D Y Secs.
8 T8 Elevator re=-
stricted 3° =319 1150 11,0810 419,00 413,007 143 0.243 o 3.l
8 T8 Elevator rew
stricted 100 220 | 28,50 | 2,62 +28° | +17,2%) 150 {6,051 0.307] 6.0 W 365
8 TP Elevator re~
stricted 109 220 | 48°  f2,72] 43,50 +2,4°] 143 | 5,08 | 0,334 I
B TS Elevator ree
stricted 180 Ci50 21,50 | 5,61 | +22° | 420,40 | 1541 5.6 | 0.ht2 N 1.9
8 TP Elevator ree
stricted 18° =180 | 12,502,651 .&° +5,9591 134 17,0 | 0,345 N 3.2
& TS Elevator re=
stricted 109 « N
L OASA -260 | 350 2,26 +3,00) +2,5° 160 (8,371 0,28 ASA 1.5
6 TS Elevator re-
stricted 109 = N
PSA -60 | 260 2,15 | +26° +23° | 170 FSA 1.5
& TP Full Flap 3.8
£ T3 Full Flap 30 2,37 1+20° | +15.5° {160 | 7.12 | 0,260 ¥ Lads
8 TP 2600 rmm - N
2 Boost atter Engine
L turns 3P 2,47 [+10P +80 i72 {9.1 {0,252 on 3.2
2 T8 Inverted N
Spin Inver= 2,0
ted
I TP Inverted i
Spin Inver- 2,5 i3
ted
L TP Inverted N
Spin Inver= 23
ted
L T8 Inverted N
Spin Inver- 1.8 14
ted
£ TP Inverted
Spin =3P 42,75 | 1,20 | =120 [150 |4.62 | 0,322 y 50 |15
Invers
ted
6 T8 Tavert.d N
Spin =h1,5° |3,01 7 2,251 140 | 3.76] 0,377 Inver~ | 2,5 | 16
ted
- 13 =
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AILERON THROUGHOUT SPIN & RECOVERY.
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FIG.I3. TWO TURN STARBOARD INVERTED SPIN.
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FIG.14. FOUR TURN PORT INVERTED SPIN.
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