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SUMVARY

In an attenpt to establish a sinple criterion for the prediction of
the spin and recovery characteristaics of aircraft, a2t has been deduced that
the two nost inportant parameters are the unbal anced rolling moment coeffi-
cient about the wind axis in the spin and the ratio of pitching to rolling
nmoment of inertia. Using the results of full scale spinning tests on
thirty-three aircraft, it has been possible to establish empirical rela-
tionships between the estinmated unbal anced rolling nonent coefficient and
the inertia ratio which effectively divide the aircraft into the three
groups which have satisfactory, borderline and unsatisfactory recovery
characteristics,

A sinple method 1s presented for estimating the unbal anced rolling
nonent coefficient knowi ng only the shape of the aircraft. Wth this
information and a know edge of the mass distribution of the aircraft, the
enpirical relationships should give a good indication Of the spin recovery
oharacteristics on new designs. Thas nmethod 1s expected to be of particular
val ue to aireraft designers in the early design stages since the nethod
does not depend on the result, of tunnel tests.
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1 Introduction

The azm of research into the spin and recovery characteristics of
aircraft nust be to enable the accurate prediction of these characteristics
in future designs. 1he method, present and past, is to build a scale node
to absol ute dynamic similarity and conplete a series of spinning tests in
the Vertical Tunnel. After making an allowsnce for the difference in
Reynol ds nunber between the nodel and Pull scale axrcraft, the full scale
characteristics of the spin are predicted directly fromthe model tests.
These tests are not done until the design of the aircraft 1s almost
settled and it is, therefore, very important that the designer should
have some guide, as to the probabl e characteristics of the aircraft in
the spin and during the recovery, 1in the early stages of the design.

This is particularly inportant for elementary end advanced trainers as a

satisfactory spin and a hagh standard of recovery is requiredof these
types.

Two methods of producing such a predictaion can be mentioned:=

() Calculations on the detailed design of each type based on
the aerodynamic derivatives obtaineu from rolling bal ance tests.
To be effective, the data used in this method nust be obtained at
or near fli%ht Reynol ds nunbers and this will not be possible unti
the rolling balance in the Bedford tunnel is in use.

(ii) A simple criterion based on the geometry of the aircraft and
conpared. with the wealth of flight experience which is available.

A criterion of this type is of alimted character and at best can
only be treated as approximate for borderline cases but it may prove
to be a valuable guide to designers in the oases of the elenmentary
and advanced trainers.

Several attenpts have been made in the past to produce critertia Of
this type (ii) and these are discussed in the next section

2 Previ ous Criteria

The first attenpt to produce a criterion was made by Finn in 1937°.
He recognised that the failure of nodels to pass the nodel spinning test
requi rements wag usually due to one or nore of the following:-

(1) a large distribution of mass along the X-axis i,e, (C = A)
l'arge; this has subsequently been shown to0 apply t0 model scale
only and the opposite is true full scale,

(i1) inefficient body section i.e. the body cross-section of a type
which produces a | ow damping due to rotation,

(111) deficiency 1n side area = again producing low body danping,
(iv) shielding of the rudder by the tailplane.

During spinning tests in the Vertzeal tunnel nost nodels spin with
the wangs approxi mately horizontal and therefore the inertia difference
(A = B) was not inportant.

As far as the inertia loading of the aircraft was concerned (C « A
was regarded as being the nmost amportant paraneter and therefore the

inertia difference coefficient O A3 was taken as an i ndependent

1R=2

pS

variable throughout.  This paranetef has a direct effect on A and
therefore also indarectly affects the body danping.
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The body danping or the resistance offered by fusel ages of simlar
cross-section to rotation in the spin may be expected. to vary as L x2 A
where x is the distance of an element of side area A fromthe CG In
order to conpare the various designs the body danping ratio was witten in

2 é + The areas of fin and rudder shielded by the tailplans
b

Si3

and elevator, in a spin at h5°1ncidenoe assumng a wake spread of 500, were

assumed to have zero dampaing and Were therefore ignored. The area under the

tailplane ad el evator was nore effective due to the tailplane position above
it and a factor of two was applied to this area.

the form

Al though it was realised that bedy cross-section affected the body
danping no allowance was nade for this in the analysis

The effectiveness of the rudder as a recovery control was assuned to
be proportiosnal to the unshielded rudder area ad was expressed in the form

Unshi el ded  Rudder unshzelded rudder area x di stance from¢,G,
Volume Coefficient ° g2
2

The two aerodynamic criteria developed i.e. the body danping ratio end
the unshiel ded rudder volume coefficient, were plotted against the inertia

O- A

term 3 . A rough separation between passes and fails was obtained

B
PS('z'

using firstly, the two coefficients separately and secondly, the coefficients
multiplied together to form 'the danping power factor'. The second case

gave better separation between the passes and failures o pass the required
recovery standaxds,

~ Thi's oriterion was modified by Tye ad Fagg2 I N thear extension of the
enquiry, to include full scale spinning aircraft.

The changes they made were: -

(i)  The body damping ooeffioient was expressed in the form

&2 ’
& hx™ dx
2
"!’l‘l Sb

where h is the depth of the body (side view

P

is the distanse measured al ong the body axis fromthe C G
e s the weighting factor applied. to various parts of side area
&1 maxi mum ~ve value of x

82 maximum +ve value of X.



The factor & was given val ues

2 for fuselage and fan under tail plane
15for rudder under tailplane
-0.25f or shi el ded rudder and fin

1.0 for remaining side area.

(1i) The unshielded rudder volume coefficient is nowdefined as

ig &
Sb

where Ag is the inshielded rudder area.

Thas anal ysis indicated the minimum degree of body danping and
unshi el ded rudder vol une coefficient which the designer should aimto
provide but compliance With the criterion dad not guarantee good spanning
gqualities full scale as factors such as body section and anertia yaw ng
nmoment couples had been ignored.

A nore conplete analysis was offered by Pringle and Harper3 n
March 1952. Taken as a whole, this analysis represented a very large
step forward. over the work of its predecessors. An effort was made to
pressnt the basac causes of error in previous criteria. Mor eover, it
was devoted entirely to the analysis of full scale recovery predictions.
The eriterion suggested depended upon the equation for the equilibrium of
yawing nonent s (body axis) in the spin.

Unshi el ded rudder volwse coefficient + body Tamping coefficient +
inertia yaw ng monent + inferred wing yaw ng nonent coefficient = 0.

O these quantitrzes only the inferred wing yawing nonent cannot be
cal cul at ed and.therefope f or the borderline case tho inferred wing yawing

monent was assuned to be equal to and of opposite sign to the sumof the
other three quantities.

Anot her assunption was that the wing yaw ng nonent was
proportional to the thickness/chord ratio and over a wade range of 2
was assuned independent of A,

The diagram showing the plotted results (Fig.2) of inferred wing
yaw ng nmonment against t hi ckness/ chord ratio fortharty~one aircraft show
that in general a separation, between aircraft which recover fromthe

spin by normal control nmovements and those which fail, is reasonably
def i ned.

The method of calculation of the body danping coefficient,
unshi el ded rudder vol ume coefficient and inertia yawang nonment couple
are repeated bel ow.

The body danping coefficient is equal to

-E}- h x2 dx
Sb2

The wei ghting-factor e is given values at an incidence of 45%in
Table | bel ow.
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TABLE |

Ef fect of Body Section on Damping in Roll

!
Body Cross-Section e at a = 45° ‘]
Circular (pointed profile) +0. 6
Rect angul ar +1.5
Elliptical t2.1
Round top, flat bottom +1.1
Round top, flat hottom t strakes +1.7%
Round bottom flat top t2.5
Round bottom flat top t strakes +3.5%
Free t1.5
Fin {Under tailplane +3.0
Above tailplane -0.4
Rudder under tailplane t2

*Depending on width of atrakes. This is for 0,014 <" where £&"
is distance of C.,G., to rudder post.

The inclusion of »x in the body danping coefficient in this form
was denonstrated by Irving and Batson®  Their results showed that the
body danping coefficient was alnost directly proportional to M over a
range of A fromO to 0.9.

No changes were nmade to the unshielded rudder vol ume coefficient
but it ja worth neting that this has been denonstrated to be independent
of % at a given incidence again by lrving and Batson?.

The inertia yaw ng couple ?1—'_1 was al so included. in the analysas.
This was estimated fromthe particular values of (A = B) for the aireraft

and assumed val ues of <{'p, &y and Cy, in the spin.  The method i s shown
inRef.3 and in this way, a guess at tﬁe inertia couple coul d be made.

Cal cul ations over a range of types shows that this may have a velue of

45 Units.

3 Recent Evi dence
2.1

Full Scale Tests

The results of sone recent full scale tests on a Meteor 86 with
five different inertia ratios of the pitching to rolling nonent of
inertia are shown an Fl gs.3 and 4.

The ‘technique of the tests was to apply 'outboard! or pro-spin
engine at the stall and mintain the ongine thrust throughout the spin
and recovery. The thrust of the pro-spin engine was measured during the
spin and recovery and in the |ower graphs (Fig.3) the time required to
recover is plotted against the yawi ng nonent applaed by the pro-spin
engine. The recovery action taken by the pilot was either, full opposite
rudder and the el evator noved down until the spin stops (normal recovery
action) or full opposite rudder with elevator remaining fully up until the
spin stops (rudder only recoveries). In both cases the ailerons were
maintained neutral .
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TARIE IT

Tnbalanced
Mti-gpin
. _ Rolling
Aircraft Weight A B c b 5 " A B X |p, BorF* 2R, 103 g * 10° Zog X 10° |  Moment
A c Sp Coefficient
X 403
Wind Axes
1 0 000 . B [25.6 |0 0.606 | 0.12 B 8.8 1442 ~18.2 L.8
Oxford 7,196 322,550 | 193,40 L75, 53.33 | 34 5 575 : 33 ot e B
2 | Skua S 318 | 33.9 10.433 | 2.3 D.143 B 15 11 ~16.4 9.6
3 %;;;T Baker] 5,730 | 105,800 | 152,000 | 224,000 [42.48 {2164 | 2135 | 0.418 [ 1.4 | 0.152 U 18.2 49.8 ~16.7 1.3
cone 251, 0.39 |[1. 0.158 P 11.6 22.1, -16.4 17.6
Bo| Hu + 712 0.;68 o1 7 F 8.8 19.7 ~16.4 - 12.1
5 | Jockey
6 | Spitfire 4,900 106,200 { 119,000 219,000 | 37.12 | 219.56 | 25.1 [ 0.352 | 1.120 | 0,103 P 6.2 19,5 ~9,2 16.3
7 | Nighthawk 1.39 | 0,146 F -17.2 5.8
8 | Maater P
9 | Wellesley 0.52 3.6 17.4 27.2
10 [ P& P M8 1,785 18,690 | 35,420 Bh,550 | 30.94 § 183 | 26.8 | 0474 | 1.898 | 0.174 F 5.0 7.5 ~21.2 -8.7
11 | Magister 1,835 26,750 | 42,450 61,000 | 33,8 179 | 13.25 | .050 [ 1.55 | 0.145 P 12,9 16.1 -17.3 11.7
0.458 P 10.3 10.7 -17,3 3.7
12 | Mentor 2,525 3,780 | 48,150 78,550 | 35 180 | 16.83 | 0048 | 1.39 | 0.145 P 10.3 19.5 -17.2 12.6
13 | Harvard 5,308 110,800| 162,000 245,000 | 12.02 | 253.7 | 20.7 1.4.65 | 0.135 B -12 5.5
14 | Defiant 12.3 21.7
15 | Moth Minor
16 | Typhoon 11,017 294.,500 { 199,500 564,000 { 41.98 | 279 | 63.7 | 0.38B | 0.627 | 0.164 B 12.8 19.2 =-16.7 15.3
17 | Brastol 133
18 | Proctor 3,250 74,300 54,900 121,100 { 39.5 202 | 26.9¢ | 0,517 ] 0.739| 0.160 F 8.1 8.4 -22 ~5.5
19 | P& P M 20/2 7,342 29,300 | 204,600 379,000 | 34..55| 236 | 59.5 | D.296 | 0.979 8.133 g
A
0.170 F
20 |P&PH 28
21 | Mosquito 19,000 B4.2 | 450 0.384 | 0.790] 0.120 B 8 12 12,3 7.7
52 Vickers F7/4t| 15,32 | 1,352,000] 745,000 | 2,074,000 | 56.5 | &35 [ L 0.3,2 | 0.56 | 0,130 7
3 Seafire
2 | Prentice 3,850 35,000 33,200 62,100 | L& 305 | 18-2 [ 1,109 0,949 | 0.135 P 8 17 =-21.6 3 el
F 8 14,5 -21.6 0.9
25 | Meteor 4 13,300 427,000| 419,500 889,000 | 44.33] 387 | 51.4 | 0,23 | 0.981 | 0.105 P 17 29.5 6.5 40
26 | Cornell 2,760 10,720 18,760 22,3701 36 200 | 25.3 | @31 | 1.75 | 0.125 P -11.0 17.5
27 | Attacker 11,300 227,000 | 585,000 754,000 | 37.08. 56.4 | 0,162 2.58 | 0.1075 P 6.5 9.5 e 5 11.5
28 | Wyvern 16,555 505,000 | 975,000 | 1,390,000 | 44 43.8 | 0.238(1.93 | 0.130 P 1.8 19.2 -8.2 12.8
29 | Meteor 4 421,000 | 654,000 | 1,090,000 Lo | 0.23 |1.55 | 0.105 P 17 30.0 =Gl 40.6
30a| Meteor 8 15,390 438,000 708,000 [ 1,088,000] 37.161 350-| 5O 0.233 | 1.62 | 0.105 P 10 29 6.5 32.5
30b| Meteor 8 16,864 | 438,000 973,500 11,353,500 | 37.16] 350 | 55 0.189 | 2.23 | 0.105 P 10 23 <5.25 27.7
30c| Meteor 8 15,89 634,000 708,000 | 1,28,,000 | 37.96] 350 | 52 0.233 1 1.12 | 0405 P 10 28 ~6.5 3.5
31 | Venom 12,640 883,620 306,830 | 1,170,150 | LO 33.8 | 0.3 0.346 P o} 8.90 7.1 1.8
31 | Venom 9,579 212,140| 285,360 | 479,600 | L0 0.31 [ 1.3 P o} 10 ~7.1 2.9
32a| PN7/16 11,650 | 222,000 438,000 | 635,000 | 36.5 | 268 | 49.5 1 C.22 |2 0.10 P 12,3 12,3 5.8 18.8
32b | N7/46 13,050 | 173,500| 547,000 | 685,000 | 39 278 3.1 | 0.10 P 12.3 1.7 . 5.3 18,7
23 | Frovost 3,894 62,722 125,547 175,568 | 35.2 4.0 | 0.32 |2 0.135 P 7.1 27.8 -11.5 23,1,
34 | Fiat G.49 6,140 14.6,200( 181,000 314,000 | 42.7 2442 0.345 [ 1.25 | 0.13 F 1.0 3.7 -12.0 -7.3
A | Swift | P 12.9
B | Sabre | P 8.4
C | iunter | Not yet had 11.5
I full scale
spinning
| trinls

*Pull =cale pass (P), borderline (B) or Fail (F)
-1 -




These results show that the inertia |oading of the aircraft made a
large difference to the standard of recovery. The nean slope of the curve
(Fig.4) 18 negative and gives a greatly inproved recovery standard as the
pitching to rolling noment of inertia was increases.

The recovery standard of the Meteor 8 for three inertia conditions
isc plotted in Fag.2 (Aircraft 30a, b and o where */A = 162 2.23 and
1.12 respectively% end by this eriterion the standard of recovery shoul d
be reduced and not increased with B/, as the full scale results indicate.

3.2 Calculations based on Tunnel Rolling Bal ance Tests

A series of wind tunnel tests on a rectanqul ar ClarkeY wing were made
with the FACA spinning bal ance by : Bamber and Zimmermen/ as part of a
research on spinning aircraft. Al gax conponents of asrodynamic force
and monents were neasured through a range of angles of attack, angles of

sideslaip, and val ues of %%llke'ly" to-be obtai ned by spinning-aircraft.

The .latter-part of thesreporttcontains an-gnelysas, USing-this data, for
estimating the spinni n% characteristics of an aircraft. The nost inter-

esting result, whksn these measurements are used in calculations with wing
| oadings and inertia ratao conmmon today, is shown in Fag.5.

The quantaties plotted are the yawing noment (anti-spin) which nust
be supplied by parts of the aircraft other than the wing for equilibrium
in the span against the ratio of the pitching to rolling noment of inertia
paraneter for incidences of 30 and 45°  Thas result again shows how the
equilibriumin the spin and therefore the recovery standard depends upon
the inertia loading of the aircraft. Qher crossplotted results fromthis
report showed that the wing rolling monents in the spin are almost directly

proportional t o ?\.(%) Cal culations using strip theory on w ngs at

hi gh Reynol ds numbers confirm this result up to A = 050r06.

Mich time and effort in the past has been devoted to show ng that
the pro-spin wing monents depend upon the thickness/chord ratio of the
wang and rol ling bal ance tests have shown this to be true. In view of
these previous results, a graph of the suggested wing rolling monents is
shown an pig.6 based on the assumption that the wing rolling nonments are
a linear function of thickness chord ratio.

4 The Cra terion

4.1 Fundanentals of the Analysis

On examiningthe eqguilibrium of an aircraft in the spin one can
consi der either the equilibrium between the inertis and aerodynamic forces
about the wand axes or about azprcraft body axes. If aircraft body axes
are chosen then there 1s equilibrium between the inertia and aerodynamic
coupl es about each axis and any small change about one axis will affect
the equilibraum about the other two.

I f aireraft wind axes aru chosen then since the centrifugal forces
on all parts of the aircraft act radially from the axis of the spin, there
can be no centrifugal couple about that axis and therefore the equilibrium
of the spin is entirely aerodynamic in nature. Thvs, for equilibrauwmsin
the spin the pro-span monent dus to the wings nust equal the anti-spin
monents due to other parts of the aircraft in the spin.

-7 -



slpg + L+ bp =0 (windaxi s)

If the rudder is central and the aircraft is in equilibrium then

5pB +1f.'a‘p‘W = 0.

Thi s does not represent the conplete picture of the equilibriumin
the spin as cach of the inertia couples about body axis nust be bal anced
by corresponding aerodynam ¢ couples. These can exert a marked influence
over the equilibriumof the spin and the recovery.

The influence of the pitching noments of inertia zs greatest in
deciding the rate of rotation about the spin axis for equilibrium at a
gi ven incidence. Thas a1z reflected in the equation for deriving

7\(9}1) for the aircraft.
2V

The rolling and yawing inertia couples Influence the angle of tilt
of the waings and thus the sideslaip in the spin. Their influence on the
Spin and recovery characteristics Of an aircraft Ore shown in Figs.3, L
and 5 and the important parameter appears to be the ratio of the yaw ng
and rol ling anertia couples which can be expressed in the form.

A-B

NE
P 02 A-B A-BB 1

C-B
o

as A+B =~ C.

Therefore the two nost inportant paranmeters am -

£

(1) epp + £z + p,

and (ii) G- %).

For the recovery fromthe spin when the rudder 1s deflected against
the spin if

ﬂpH—B+6z_;+6E=O

then theoretically we have the case of a borderline aircraft which just
does not recover from the spin. If these do not equal zero, then we have
an unbal anced rolling monent coefficient (URMC) about the wind axis and if
this is anti-spin or positive then the aircraft should recover fromthe
spin.  The results of calculations of this type are plotted (Figs.7 and 8)
for approximtely 25 aircraft. Boundaries can then be drawn in separating
the aircraft which were pass, borderline, or fail in their full scale
spinning tests.
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Thus to assess a new aircraft the calculation of the two inportant
paranmeters should be male and the reccvery characteristics assessed by
conmparison with the enpirical boundaries which have been drawn on Figs.7
and 8.

In a calculation of this type 1t is Inportant to keep it as sinple
as possible and only cne spinnang incidence is used to assess the
characteristics of the spin, This is 359 at the plane of symretry as

(i) this is a nmean spinning incadence of an average aircraft,

(i1) the rate of rotation about the axzs of the spin will be a
minimum and is the worst case when body dampang iS considered.

4.2  The Criterion

The criterion given below is based broadly upon previous criteria
with modifacations o the methods of assessing the results

The nmet hod of application should be as follows:~

(a) to estimate A fromthe general |ayout and |oading of the aircraft

where MR is the aspect ratio
(O-A)

gPS/b>

(b) To cal cul ate the anti-spin rolling moment coefficient (W nd axas)
due to the body at a nean incidence of 159,

by

Val ues of £ can be obtained from Table | and Fag.1 and assum ng
a wake spread over the tailplane of 30°. 1t is usually impossible to
al locate one value of & for a conplete fuselage and it is, therefore,
essentzal to allocate, a particular value of g for each section of the
fusel age as the cal culation s made.

— 2
“ZPB :A/ e h x° dx
Sb2

?c) . To calculate the anti~spin noment due to the novenment of the rudder
romneutral Yo £ally anti-spin.

Ao
Sb

2y = (Fig.1 )

(1) 7o estimate the wing rolling monent coefficient frem Fig.6.

-0 w



(e) Obtain the unbalanced (anti=spin) rolling monent coefficient from
the equation

IRMC = E& + é;; + ég;

arJl assess whether the aircraft

(f) Plot this result againstl(.

S

=1

IS 1ikely to have a satisf actor¥1 spin recovery characteristic by reference
to the empirical boundaries Which have been drawn on Figs.7 and 8.

5 Di scussi on

A critical examnation of Fig.7 will show both the weaknesses and
advantages of this criterion over previous attenpts.

(i) Athough = good deal of effort has been applied, no evidence
has been found to show that the Hurricane (Airoraft 4) was a fail?
and a fairer classification is thought to be borderline. It was
classified in this way in Fig.7.

(ii) The criterion does not apgar to apply to aircraft of the
Vanpire-Venom type (Aircraft 31) Alocation of values of e in
the fornulae for body danping Zpy do not appear to represent a
true case even when the side area I's multiplied by 2 to represent

t he danpi ng over the twin boons.

(i) There is a considerable amount of scatter for aircraft which
have positive values Of (1 - -E .

It is inportant 4o note that the criteria takes account of
rudder power alone as a recovery control but in flight the normal
recovery action is to use opposite rudder and to move the elevator

down. As the value of J-z- decreases the el evator becones increas-
ingly inportant as a recovery control as can be seen if Fig.31is
exanined.  The Value of the elevator as a recovery control is
extrenely difficult o assess as it depends upon

(1) the effectiveness of the rudder in reducing the rate of
rotation in the spin

and (2) the effeot on the rudder of applying down el evator during
the recovery. This can be extremely inportant if, when
aﬁpl ying down el evator during a recovery the shielded area of
the fin and rudder is increased. Thig coul d have a very
serious adverse effect.

Thus the scatter showa when (-1 - %) IS positive probably

depends upon the effect of applying down el evator during the
recovery from the spin.

A word of warning mght be offered to designers here, as it
I's dangerous to rely on el evator power for the recovery from the
spin. At best it leads to long recovery tines with high rates of
roll during the recovery Which cause stressing difficulties in the
wings and possible disorientation of the pilot during the

recoveries.
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(iv) The craterion Shows an improvang recovery standard as the
pitching nonment «f inertia of the aircraft is increased. This
agrees with recent full scale experience (Aircraft 30a, b, ¢) and
the cal culations based on tunnel tests

- This is the nost inportant inprovenent over previous criteria
whi ch have always shown a decrease in recovery standard as the
pitching monent of inertia has been increaseé&

v) 'The criterion includes an estimte of the wing rolling noment
wind axis) and when nore data becomes available it can be applied
with only slight nodification to the criterion for both straight
and swept wang aircraft. A summary of present data for swept w ng
eircraft i S discussed in the next section

6 Extension to Swept Wng Aircraft

The cal cul ation of unshielded rudder area and body danping
coefficient wall be nodified in that allowance nmust be made for the
sweepback of the tailplane. 1tis suggested that the present AP.970
reconmendations be continued and 30 and 60° iines for estimating the
shielded fin and rudder area be drawn froma point one third of the span
from the fusel age side.

Very little is known of the rolling nonents of swept wings at
spi nning incidences but recent full scale experience shows that at low
values of 2 (less than 0.2) the spin as little different fromthat of
similar strai ght wang aireraf't. Asaresutof this it is suggested that
the same estimated wing rolling moment coefficients be used al though
conmparison of the Cr,~a curves indicate that the results given by this
eriterion are Iikele’co be alittle pessimistic. Fig.9 shows the results
for three swept W ng ajrcraft pio Lledonagraph which includes the
boundaryfor passes and fails on straight wing aircraft.

7 Concl usi ons

(1) The limitatzons of a criterion of this type cannot be over
enphasi sed particularly in borderline cases but 1t i S hoped that
it willprove a valusblegui de to designers, particularly in the
cases of elenmentary and advanced trainers.

(ii) The results §Figs.7 and 8) do separate aircraft into three
classes, pass, borderline and fail for the recovery from the spin

(iii) The principal advantage of the new criterion is that it

i ncl udes the inportant paraneter:f and indicates that the recovery

standards wll inprove as % increases. This iS in agreenent with

t he resutsof some Aneri can rolling bal ance tests and recent
full scale experience.

(iv) Athough the elevator, as a recovery control, is not included
in thecriterion, 1ts inportance has been emphasised in the diagrans
and calculations.

(v) As soon as the results fromthe Bedford tunnel rolling
bal ance tests are available, the methods of extracting the w ng

rolling nmonents, body damping and rudder power shoul d be revised
taki ng advantage of these results

w11l -






LIST OF SYMBOLS

distence of element of sade area from C.G.

area Of element of side area = h dx

Wi ng area

Wi Ng span

unshi el ded. rudder area

depth of fusel age

maxi num negative velue of x

maxi mum positive value of x

di stance o centeroid of the unshielded rudder area fromC G

weightang factor applied to various parts of side area

0b c -A

—— o —

oV To= 3
gps%

rate of rotation about spin axis

true rate of descent ft/sec

SU— 4

body danping coefficient
wing rolling noment coefficient wind axes

unshielded rudder volune coefficient when the
rudder i S deflected against the spin

rolling moment Of inertia
pitching nonment of inertia 1b.ft2

yawi ng nonent of inertia
density at altitude considered s}lgs.ftz
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