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ON THE SPIN AND RECOVERY CHARACTERISTICS
OF ATRPLANES AS DETERMINED FROM
FREE-SPINNING-TUNNEL TESTS

By Lewrence J. Gale and Ire P. Jones, Jre
SUMMARY

The effects of antispin fillets and dorsal fins on the spin and
recovery characteristics of alrplanes have been determined from an
analysls of the results of spinning investigations of a large number of
models tested in the Langley 15-foot and 20-foot free-spinning tunnels.

The analysis indicated that when antispin fillets were installed
on an alrplans, the fuselage area below the fillets became more effective
in damping the spinning rotation (higher tail-damping ratio). Whether
or not fillets satisfactorily improved recovery characteristics of a
glven design depended, with few exceptlons, upon the tail-demping power
factor of the design with fillets installed and upon the mass distribution
and relative density of the airplane. The results indicated that dorsal
fins generally had little effect on spin and recovery characteristics.

TNTRODUCTION

During approximately 13 years of operation of the Langley 15-foot
and 20~-foot free-spinning tunnels, model tests have been made for approxi-
mately 200 different military airplane designs to determine their gpin
and recovery characteristics. During these tests the various flying
conditlions of the airplans were usually investigated, and when the
rosults indicated that the spin and recovery characteristice would be
unsatisfactory, dimensional modifications were made to the model and
recommended for the airplane such that the final design would possess
satisfactory spin and recovery characteristics. The recommsnded
modifications, in most cases, consisted of increasing the tail length,
ralsing the horizontal tail, or adding a ventral fin. For some cases,
however, these modifications were not considered feasible asnd other
modifications were studled. One such modification that was found
effective in improving the spin-recovery characteristices was the installa-
tion along the fuselage of narrow extensions of the horizontal stabilizer
deslgnated as antispin fillets. An analysis of the results of tests
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2 NACA TN No. 1779

of such f1llets has heen made In order to determine the important factors
governing their actlion.

On the basis of very meager data, it was indicated in reference 1 that
the action of antispin fillets was dependent upan making the fuselage
area below them effective in demping spin rotation (increasing tail-damping
ratio) and it was assumed that the unshielded rudder area was unchanged.
Data from 21 different models have been used in the present paper to
determine the action of fillets as regards damping of the spin rotation.
Consideration was also given to the possibllity that the fillet may in
gome cases shileld parts of the rudder and, consequently, reduce the
rudder effectiveness and that the wing a.nd fuselage may shield the fillst
and, thereby, reduce fillet effectivensss.

The independent effect of dorsal fins on the spin and recovery
characteristics has also been obtained from available data for 30 models.
Dorsal fins have usually been installed on spin-tunmnel models when, in
the course of development of the airplene, their installation was
deemed necessary from consideratlons of normal-flight stebility charac-
teristics.

SYMBOLS
p air density at a given altitude, slug per cubic foot
S wing area, square feet
b wing 'span, feet
W wolght, pounds
g acceleration of gravity (32.17 ft/secQ)
m mass, slugs (W/g)
B ailrplene relative-density coefficlent

Iy, Iy moments of insrtia about X and Y airplane body axes,
respectively, slug—feet

inertia yawinB—-moment paramster

TDR tail-damping ratio (reference 1)

URVC unshielded rudder volume coefficient (I;eference 1)
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TDPF tall-demping power factor (product of tail-demping ratio end
unshielded rudder volume coefficlent, reference 1)

Q angle of attack, degrees
Q angular veloclity about spin axls, revolutions per second
v rate of vertical descent, feet per second

0b/2V  spin coefficient

¢ angle between span axis and horizontal, degrees
U inner wing up
D imer wing down
q dynamic pressure, pounds per square foot (%pv%
c, rolling-moment coefficient éouéns_% moment>

it - t coefficient (Pi’ﬁching momem? Moments measured
“n piiching-moment cosfficlen ashb about body axes '
Cn yawing-moment coefficient (Ia.wir;gb momen'b>

METHODS

For the analysis of the effectiveness of antispin fillets, the models
were separated lnto groups based on the effect on the recovery charac-
torlstics. The tall-damping power factors were computed for each model
with and without flllets installed in accordance with the method indicated
in reference 1, modified as a result of the present analysis, and plotted
as a functlon of the lnertla yawing-moment parameter. In order to
separate the models in these plots according to fillet effectiveness,
various symbols were employed to indicate the degree of fillet effectiveness

on the model recovery characteristicas. Plots were made for three relative-
density ra.nges. -

Because the data indlcated that dorsal fins had little effect, no

detalled analysis was made to determine thelr action during the spin or
recovery.

- Tests

The steady-spin and recovery data used for the analysis in this
paper were obtained from Investigations of specific alrplane models
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in the Iangley 15-foot and 20-foot free-spimning tunnels.

The methods used for meking spln-tunnel tests are described in
reference 2, although in recent years the model launching technilque
has been changed from launching from & spindle to launching by hand.
Briefly, a model ballasted by means of lead woights to obtain dynamic
gimilarity to a full-scale alrplene at some altlitude is launched by
hand with rotation into a vertically rising air stream with the
controls set in a desired position. After a mumber of turns, the model
agsumes ite spin attitude and is maintained. at a specified level in the
tummel by adjusting the airspeed so that the model drag equals its
woight. After a number of turns in the establlished spin have been
photographed and timed, a recovery attempt is made by moving one or
more controls by means of a remote-control mechanismj I1f recovery is
effected, the model dives or glides into & safety net. The data cbtained
from the tests are converted to corresponding full-scale values by methods
described in refersnce 2. Maximum and intermediate control settings
are investigated. Airplane recovery characteristics are considered
satisfactory if the modbl recovers in 2 turns or less from the steady
spin when in the normal spinning control configuration (ailerons neutral,
elevator up, and rudder full with the spin) and if the model recovers in

2% turns or less even with small deviations fraom this control configuration.

A control configuration designated as the criterion spln indicates the
effect of small deviations from the normal spinning control configuration.
For the criterion spin, allerons are deflected 1/3 of their full deflection
in the direction leading to slow recoveries, the elevator is set to only
2/3 of its full-up deflection, and recovery is attempted by reversal of

the rudder to only 2/3 full against the spin. The symbol « indicates

that the model required 10 turns or more for recovery or did not recover

at all.

Factors Considered

Tn order to determine the effectiveness of antispin fillets on a
given design, the spin-recovery data were compared for the model wilth and
without the fillets installed. This comparison was made for recovery
by full rudder reversal from the normal spimning control configuration
and for recovery from the criterlon spin.

/
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The models were separated into groups on the following basis:

Turns orlginally redulred | Turns required for recovery lgPPect of fillet
for recovery with fillets installed on recovery
5 or more 3%; or more None
5 or more 3 Slightly favorabls
3 or more 2,1—‘ Slightly favorabls
2% or more 2 or less Satlefactory
2 or 2% 1% or less Satisfactory
21% l% or less Satisfactory
2 3/4 or less Satisfactory

lAny recoverles within l/ 2 turn of one another were conslidered as indicating
no effect Inasmich as this is within the range of experimental error.

After the models were separated into groups indicated by the effect
on thelr respective recovery characteristics of antispin fillets, the
tall-damping power factor was computed, as previously indicated, for each
model with the flllets installed by use of the msthod described in
reference 1 whereby the fuselage ares under the fillet is considered
effective in damping rotation.

In an attempt to obtaln a more complete picture of the action of
antispin fillets 1n the spin, however, it was considered that:

(a) For steep spins, the waeke of the wing may shield part or all
of the f1llet and consedquently reduce or eliminate the area of the
fuselage under the flllet that ls effective in damping the spin rotation.

(b) For certain fuselage cross sections, the wake of the fuselage
may shield the fillet and consequently reduce the area of the fuselage
under the fillet that is considered effectlve In damping the spin rotation.

(c) For certain positions of the fillet in relation to the rudder,
the fillet may shleld part of the rudder that was previously unshielded
end thus reduce the unshielded rudder volume coefficient 1f angles of
attack and the sideslip engles at the tail of the spinning model are
taken into account.
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(d) When the £illet was faired into the fuselage in such a menner that
the forward end of the fillet was very narrow, thls end would probably
be ineffective in Increasing the damping ability of the fuselage aresa
under the flllet.

RESULTS AND DISCUSSION

Teble I lists same of the mass and dimensioral paramesters for the
models considered In the investigation as well. as their recovery
characteristics before and after fillet installation. For some models,
data are presented for more than one antispin fillet tested and, in
some cases, one antispin fillet was tested on a model for several
loading conditions. Sketches of antispin fillets that had a satisfactory
effect on spln-recovery characteristlics are presented in flgure 1.

In investigating the possible shielding of the fillet by the wing,
e weke line wms drawn from the trailing edge of the wing at the wing-
Puselage Juncture and made an angle with the wing chord which was 15°
less than the angle of attack. The value of the tall-demping power
factor was computed (see reference l), based on the area below the fillet
and outslde the wake line. For several of the models for which flllets
had a satisfactory effect on spln recoveries, consideration of possible
shielding of the fillets by the wing reduced the values of the tall-
damping power factor to such an extent that the value was below the
minimm velue of TDPF recommsnded to insure satisfactory recovery as
presented 1n reference l. It thus appeared that shielding of the
£illets by the wing was unlikely and for further calculations of TDFF,
this effect was disregarded.

In considering possible shielding of the fillets by the fuselage,
when located above the station of maximum thickness, and also possible
shlelding of the rudder by the fillets, use was made of the angle of
attack of the spin and of an average value of the sldeslip angle at
the tail of 12°. Calculations were made of the tail-damping power factar
based on the possible shielding of the Pillets by the fuselage (causing a
reduction of the tall-damping ratio) and of the possible shielding of the
rudder by the fillets (causing a reduction of the unshielded rudder volume
coefficient). Consideration of these factors reduced the value of TDPF
to such an extent for some models, for which fillets led to satlsfactory
rocovery characteristics, that the value was below the minimum value of
TDPF recommended to insure satisfactory spin recovery presented in
reference l. Fuselage shilelding of the flllets and f£1llet shielding of
the rudder were unlikely and, therefors, 'hhese effects were disregarded
for further calculations of TDPF.
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It was recognlzed that if the flllet was falred into the fuselage in
such a manner that the forward end of the flllet was very narrow, this
faired part would probably be ineffective in increasing the dsmping ebility
of the fuselage area under the fillet. Accordingly, it was belleved that
goms minimum angle in the plane of the fillet, at which the fillet Joined
the fuselage at the forward end, should be used to determine the effective
length of the f1llet. Inasmuch as the minimum value of thils angle was
12° for fillets which, In the present study, indicated satisfactory effects
on spin recovery, this angle was arblitrarily selected. For a fillet that
mede an angle of less than 12° with the fuselage at its forward end, the
area of the fuselnge under the fillet consldered as contributing to tail
damping was only that area under the largest posslble flllet within the
contour of the original fillet which faired Into the fuselage at an angle
of 12°. (See fig. 2.) Values of TDPF were recalculated for all models
having £f1llets Jolning the fuselage at angles less than 120 and a better
separation between models for which fillets had a satisfactory effect
and models for which flllets elther exhibited no effect or a small effect
(slightly favorable) was evident. This factor should, therefore, be con-
pldered in calculation of TDPEF when fillets are Installed.

Figures 3 to 5 Indicate the effects of antlspin fillets on the
recovery characteristics of the models for three relative~denslty ranges
end for various values of tall-damping power factor and Inertia yawling-
moment parameter. The reglons determined In reference 1 for satisfactory
and unsatlsfactory recovery characteristics are indicated in the figures.
The plotted values of tail-damping power factor were computed by conslder-
ing all the fuselage area under the fillet as contributing to tall damping
wlth the exceptlon of the area under: that part of the fillet meking an
angle of less than 120 with the fuselage; for these fillets, the method
proviously described and recommsnded for fubure use was employed. It
eppears from figures 3 to 5 that whether or not antispin fillets will sabis-
factorily lmprove recovery characteristics of & glven design will generally
depend upon the tail-damping power factor of the design with flllets
installed and upon the mass distribution and relative density of the air-
plane.

The results presented in figure 6 indicate that the addition of anti-
spin fillets, for the models considered in this investigation, usually
caused the angle of attack of the splnning model to steepen so that better
recoverles were generally made.

A few tests were made for a low-wing fighber-type airplene model
(model 5A) atbached to a rotary balance mounted in the Lengley 20-foot
free-gpinning tunnel. The rolling-, pitching-, and yawing-moment coef-
ficlente presented in figure T were measured with and wlthout the fillets
which had previously indicated a satisfactory effect upon recovery charac-
teristics during free-spinning tests. The tests were made for an angle
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of attack range up to 90°, @b/2V was kept constant at a’ typical value of
0.30, and the wing tilt angle and the spin radius were maintained at zero.
The results Indicated that antispin £illets generally had little effect on
rolling and pitching moments, although at very high angles of attack »
fillets dld indicate a small nose-down pitching moment. Installation of
fillets generally created, at moderate and high angles of atteck, an anti-
spin yawing moment which for the particular model tested was enough to
eliminate the flatter of the two types of spin originally obtained without.
the fillets and thus insure raplid recoveries.

An investigation of spin resulits obtalned with the installation of
dorsal fins indicated that gemerally dorsal fins had little effect on the
gpin and recovery characteristics of the models. Inasmich as dorsal fins
had such & small effect on the spin recovery, data are presented only far
two typical models {one of which spins steeply and the other of which spins
flat) for which dorsal fins were installed. These data are presented in
table ITI. as are algo sketches of the dorsal fing.

CONCLUSIONS

Based on an analysis of the results of free-splnning-tunnel investi-
gations on numerous models for which antispin fillets and dorsael fins were
tested, the followlng conclusions were msde:

l. The effectiveness of antispin fillets for spin recovery appeared
to depend Primarily upon the fact that the fuselage ares bselow the fillet
became effective in damping the spin rotation. The portion of the fuselage
area effectlve in demping the rotation was all area below the fillet, except
that forward of the station at which the fillet Joined the fuselage at en
angle less than 12°.

2. VWhether or not antispin fillets satisfactorily improved recovery
characteristics of a glven design gensrally depended upon the tail-damping
Power factor of the design with fillets installed and upon the mass
distribution and relative density of.: the airplane.

3. Dorsal fins generally had little effect an spin and recovery
characteristics.

Langley Aeronautlcal Laboratory
Netlonal Advlsory Committee for Aercnautics
Langley Field, Va., October 11, 1948
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PABLE I.- HASS AND ITMEESTONAL, PAHAMETRRY FOR MODELS USXD IN FIILET INVESTIGATICY AND EESEECTIVE RICOVERY

CHARACTERISTICS BEFOEE AND AFFER FILIXT INSTALIATION - Conbimied
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TABLE I.-

QHARACTERIOTICS BEFORE AND AFTER FILIET TROTALTATIOW - Contdmisd

MASS AND DIMENST(NAL PARANFTERS FOR HODFLS USED IN FILLET INVESEIGAYION AND RESFECTIVE REOOVERY
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TABLE I.~ WASS AHD NIHERSICHAT, PABAMETERS FOR HMODETS TSED TN FIILFF INVESTIOATTON AND RESPECTIVA HECOVERY
CHARACTERTATICS AXFORE AMD AFTFH FILIXF IRSTATIATION - Concludsd
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Aileron Rowtrel 1/3 against
Elevator Foll wp 2/3 up
Rudder Full against Full with °

Conditian| Without Dorsal Without | -Dorsal
doresl inatalled | dorsal installed]

«, deg 55 =8 55 58
v, fpa 207 21 201 210
Turns

D 1 b, b,
for 53,5 | "8 52 5,5

%wvarratbanmtodbymvarainamdﬂsrrmml
with to full asgainst the spin.

PRecovery attempted by reversing the rudder from
full with the spin to 2/3 against spin.

Aleron 1/3 with .
Elevator 2/3 up
Fudder Full with

[Condition]| Without Dorsal.
dorsal installed

o, deg ]2_§ ﬁ
hiy T

#, dog kp kD
9, P8 0.30 0.30
v, fps | 34k, Lo | 360, 387
Turns e}, 2 %1

2
covors| bsL
recovery
":?1 S

8Rscovery attempted by reversing
rodder from full with to 2/3
against the spin and elsvator
from 2/3 up to 1/3 aown.

PRrocovery attempted by reversing
the rudder from full with the
spin to 2/3 egainst.
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Model 3C , Model 6B NG

Flgure 1.- Bketches of entlspin fillets that hed & satisfactory effect on the spin and recovery
characteristics. (Model nunbers refer to those givem in tebls I.)

6LLT “ON NI VOVM

T



16 NACA TN No. 1779

ﬁe lz.l?ss * [~ Angle = 12°

Iength of £illet
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effective in

providing damping
in rotation
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Fuselage arsa Fusgelage
mnder £illet area undexr
considered bhorizontal

considered providing demp- | tell con-

not pro- ing in rotation § sidered

viding damp-~ providing

ing in damping in
rotation rotation

Figure 2.- Sketch of fillet for which not all the fuselage area below
the Fillet is considered effective in damping the spin rotation.
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(© Original unsatisfaotory condition of
1800 model without fillets installed

Fillets installed on model had no
effeot on recovery charaoteristics

A\ Flllets installed on model had satls-
factory effect on recovery character-
1600 istios

1koo ; /
1200 /

1000 /

glon for satisfactory
oovoﬁ by rudder
%00 vors one
600 7/
oI
] i 0
200 U ' g
’ Unsatisfactory region I3 1 E‘; .
B, NACA
o] L 1
280 -2lo ~200 -160 =120 ~20 ~lto 0 ko g X 10~%
Ix - Iy
mba

Figure 3.- Effect of antispin fillets on the recovery characteristics
of alrplenes with relative densities of 15 or less as related to
requirements for tail design for satisfactory spin recovery.
(Mumbers placed near symbols refer to models listed in table I.)




Tall-damping power factor

18
2000 x 1076
(© Original unsatisfactary oonditien of
model without fillets installed
1800 JAY AN El Fillets inatalled on model had no
effeot on recovery characteristics
<> Flllets installed on model had slightly
favorable effesct on recovery character-
1600 istios E
L3N
A Fillets installed on model had satis-
factory effeot on recovery character-
istios
1ko0
1200 - /
1000 // (1)9
#00 B(. 20) /
[Region for satisfsotory reo- ’ [']
overy by rudder reversal
600 alo <>
DA
. B X
ii G
7
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200 (g 4l O 9 1 o &
(5» O,% 17 ;[)
9 1 .
0 |
-280 -240 -200 -160 _ =120 -80- -ho 0 !
Ix - Iy
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NACA TN No. 1779

) Figure 4.- Effect of antispin fillets on the recovery characteristics
of airplanes with relative densities greater then 15 and as much

as 20 as related to requirements for tall design for satisfactory

spin recovery.

in table I.)

(Wumbers placed mear symbols refer to models listed
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2000 X 1076
Original unsatisfactory oondition of
nodel without flllets installed
1800 Filllets installed on model had no
effect on recovery oharacteristics
/A Fillets installed on model had satis-
factory effect on recovery character-
1600 1stlcs
1400
1200
1000
T 1/
Region for satisfactory reoc-
overy by rudder reversal
#00 alone
Z
600 -
koo ;
Unsatisfactory region ()}
200 0
Jl H
o s} . — 1 1
~280 -240 200 -160 -120 -80 ~lio 0 4o % x 10~4
Ix - Iy ¢

mbZ

Figure 5.~ Effect of antispin fillets.on the recovery>characteristics

of airplanes with relative densities greater than 20 as related to
requlrements for tall design for satisfactory spin recovery.
(Fumbers placed near symbols refer to models listed in teble I.)
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a, deg (with fillets)

20 NACA TN No. 1779
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a, deg (without fillets)

Figure 6.- Effect of antispin fillets on spin angle of attack. (Numbers
placed near symbols refer to models listed in table I.)



Rolling-moment coefficlent, C3

Pltching-moment coefficient, Cp,

Yawing-moment coefficient, Cp
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S Y A

© Model with fillets Installed
[] Model without fillets installed
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Angle of aftack, a, deg

Flgure T.- Effect of antispin fillets on the rolling-, pitching-, and
Yaving-moment coefficients of a low-wing fighter-type airplane
model (model 5A). The wing t1lt angle and the spin radius were

maintained at zero; ‘g% = 0.30.
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