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PTLOT ESCAPE FROM SPINNING ATRPLANES AS
"DETERMINED FROM FREE-SPINNING-TUNNEL TESTS

By Stanley H. Scher .
SUMMARY

Pilot -escape tests have been made for 21 models of fighter, torpedo-
bomber, scout-bomber, and trainer airplanes spinning in the Langley
20-foot free-spinning tunnel. A model of a pilot was released from the
outboard side (left side in a spin to the pilot's right) and from the
inboard side of the cockpit of each model during both flat and steep spins,
and the subsequent relative paths of the model and pilot were observed.

Analysis of the test results 1ndicated that 1f a pilot finds it
necessary to leave a spinning airplane, it would generally be better for
him to ball out of the outboard side of the cockpit than to bail out of
the inboard side. For airplanes with cockpits located forward of the
leading edge of the wing, the pilot's chances of clearing all parts of
the airplane by bailing out appeared to be poorer than for airplanes with
cockpits located rearward of the leading edge of the wing. .It was found
that the path followed by a man after leaving a spinning airplane can be
calculated if the angle of attack and the rates of descent and rotation
of the airplane are known. For the types of airplanes covered by this
experimental investigation, analysis indicates that the centrifugal force
vhich would act on a pilot during a spin would probably not prevent him
from leaving the cockpit.

INTRODUCTION

Safe pilot exit from alrcraft during an emergency in flight is a

problem of great importance. Tais problem includes safe escape from

" spinning airplanes. Tests in which models of pilots were released frem .
spinning airplene models have been mede in the Langley 20-foot free-
spinning tunnel in connection with spin tests of models of specific
service airplanes. The results of these tests have been collected and
analyzed in en attempt to establish a criterion for determining from which
side the pilot of a spinning airplane should attempt an emergency escape.

Twenty-one models were tested, covering a range of low-wing and
midwing military airplanes considered to be in the spinning category.
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One of the models tested had a 35° sweptback wing. For the tests, a
pilot model was released from the fuselage at the outboard side (left
 side in a spin to the pilot's right) and then at the inboard side of

the cockpit of each model during both flat and steep spins, and the
subsequent path taken by the pilot was noted. For two of the models
tested, the pllot was released from two fuselage positions corresponding
to alternate cockpit locations on the airplane.

Calculations were made of the approximete path taken by the pilot
relative to a typical spinning alrplane for comparison with the model
test results.

The centripetal accelerations that would act on pilots during spins

- of the airplanes simulated were calculated and compared with available

experimental data which show the limitation of such forces on a man's
ability to move his body in a direction similar to that required in
bailing out of an alrplane.

SYMBOLS
Airplane symbols:
b wing span, feet
Sy | | wing area; square fee@ -
T mean aerodynamic chord, feet
x/c ratio of distance of center of‘gravity rearward of

leading edge of mean aerodynamic chord to mean
serodynamic chord

z /e ratio of distance between center of gravity and fuselage
reference line to mean aerodynamic chord, positive
. when center of gravity 1s below fuselage reference

line
m mass of airplane, slugs
Iy, Iy, Iy moments of inertia about X sy 1-, and Z-body axes,
respectively, slug-feet?2
o ai; density, slug per cubic foot
n ' relative density of airplane /.M _
PSP
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Pilot symbols:

D

Sp
Cy

&h

ABV

UHGASRIAED 3

angle between fuselage reference line and vertical
axis of the tunnel (approx. equal to absolute
value of angle of attack at plane of symmetrw),

degrees

full-scale true rate of airplane vertical descent,
feet per second

full-scale angular velocity of airplane about spin
axis, revolutions per second or rgdians per second

drag of pilot, pounds

frontal area of pilot, square feet

vertical drag coefficient of pilot D
2 . A Y
&VvSp
horizontal drag coefficient of pilot
2
2Tn’Sy

Instantaneous vertical velocity of pilot, feet per second

Instantaneous horizontal veldcity of pilot, feet per second

terminal vertical velocity of pilot at 15,000 feet

(202 ft/sec)
distance from spin axis to pilot, feet

standard acceleration of gravity (32.17 ft/sec?)

welght of pilot and parachute (200 1b)

- vertical component of acceleration of pilot during

descent, feet per second per second

horizontal component of acceleration of pilot during
descent, feet per second per.second

increment of time, seconds

vertical component of path traveled by pilot in increment
of time, feet A
RARGET] M QT e
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sy horizontal component of path traveled by pilot in
_increment of time, feet

% =
centripetal acceleration acting on pilot during steady
spin of airplanes simulated in model tests

APPARATUS AND METHODS

Models

The models used for the tests were models of Army and Navy airplanes,
ranging in scale from 1/25 to 1/14, and were prepared for testing by the
Langley Laboratory. Three-view sketches of the models tested with full-
scale dimensions of the airplanes represented are shown in figure 1. .
Propellers were not simulated on any of the models because a previous
investigation has indicated that windmilling propellers have little effect
on model spin and recovery characteristics. Propellers have, however,
been included in the sketches of figure 1 for the purpose of aiding in
the interpretation and application of the pllot-escape test results. The
pllot models were built of wood and were scaled down in dimensions and
weight according to the scale of their respective models to represent an
" average pilot and parachute (200 1b). , :

Most of the airplane models and the pilot models were ballasted with
lead weights to obtain dynamic similarity to the respective airplane and
. pllot at an altitude of 15,000 feet (p = 0.001496 slug/cu ft). For

model 10, however, a test altitude of 10,000 feet was used because of the
relatively low service ceiling of the simulated airplane. For models 11,
12, and 17, test altitudes of 25,000, 20,000, and 20,000 feet, respec-
tively, were used because heavy model construction made it impractical
to ballast these models to simulate the alrplanes at 15,000 feet.

A remote-control mechanism was installed in the models to release -
the pilot. '

Wind-Twnnel and Testing Technique

The tests were performed in the Langley 20-foot free-spinning tunmel,
the operation of which is similar to that of the Langley 15-fooct free-
spinning tunnel described in reference 1, except that the models are
launched by hand with spinning rotation rather than launched by spindle.

For the pllot-escape tests, the tunnel vertical air-stream velocity
was ad Justed to support the free-spinning airplane model. _A model is
shown spinning in the Langley 20-foot free-spimning tunnel in figure 2.
The pilot model was secured outside the fuselage structure of each spinning

LA
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model at the outboard and again at the inboard canopy juncture. The
pilot was merely released from these positions while the model was in a
flat spin and again while in a steep spin. Consideration was glven to
the method of forcibly ejecting the model pilot to simulate a possidle
Jumping force that a man might be able to exert, but the results of such
tests would probably present no better indication of proper bail-out
procedure than the simplsr pilot-release tests. Because the high rate
of vertical descent of some of the models during steep spins exceeded
the alrspeed available in the tunnel, the final steep spin attitude
could not be obtained; thus, the pillot model was released while the
model descended in the tunnel and before all- the applied launching
rotation had been damped. Moving pictures were made’ of all the tests.

After each release, the path taken by the pilot with respect to the:
model was noted until the pilot was definitely clear of all parts of the
- model surfaces or until he had been struck by a part of the model. In
addition, in analyzing the results of the tests of the designs which
included propellers, consideration was given to the path of the pilot
relative to the propeller disk. For those conditlons in which the pllot,
upon being released from a g*ven slide of the cockpit, was observed to
clear all parts of a model in a consistent manner by a margin of at least
3.feet (full scale), a man could probably make a safe escape from the
corresponding full-scale airplane by bailing out of the same aide of the
cockpit. Results were considered consistent if the pilot's path relative
to the model did not vary for at least four releases for each condition
tested.

L TEST CONDITIONS

The steady-spin parameters which were obtained in the Langley 20-foot
free-spinning tunnel for the model spinning conditions for which the pilot-
release tests were made are presented in teble T in terms of the full- '
scale airplane values. Information is presented in table IT which shows
the range of mass characteristics of the models used during the tests and
vhich may be useful 1ih applying the test results Lo various alirplane
designs not specifically covered in the present Investisation. As noted
in references 2, 3, and h model tests have indicated that the amowunt
and the arrangement of mass in an airplane usually influences its spin-
ning characteristics, and the tests and analysis of the present investi-
gation indicate that the spinning characteristics in turn affect the exact
path a man's body would follow if he bailed out of an airplane during a
spin.

The control surfaces of ‘the airplane models were adjusted and held
constant at values within the maximum ranges of control deflections for
the alrplanes represented in such. a manner as-to obtain the flat and steep
spins desired for making the pllot-release tests.-

"quf" PR EETe
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RESULTS AND DISCUSSION

The results of the model pilot-release tests are presented in
table IITI. Inasmuch as the location of the cockpit with respect to the
wing greatly influenced the results, the experimental tests are discussed
in two sections, which correspond to models with cockplts located rear-
ward and forward, respectively, of the fuselage Juncture of the leading
edge of the wing.

Experimental Results with Cockpit Rearward of Wing Leading Edge
. (Models 1 to 13)

Pilot release from outboard side of spinning model.~- When the pilot
was released during both flat and steep spins from the outboard side of
a cockpit located rearward of the wing leading edge (models 1 to 13),
the paths the pilot followed were generally similar. When the vertical -
descent velocity of the spinning model was greater than the terminal
velocity of the released pilot, the pilot decelerated and went above the
airplane model; when the vertical descent velocity of the spinning model
was less than the terminal velocity of the released pilot, the pilot
accelerated and went below the alrplane model. The horizontal motion of
the pilot carried him over the trailing edge of the outboard wing near
the fuselage and under the rear part of the fiuselage or under the outboard
side of the horizontal tail which passed over the pilot as the model
continued to rotate. Usually, the released pllot cleared the helical
cylinder being described by the rotating descending airplane model within
one-half turn of the model. A typical test made with the pilot released
from the outboard side of the cockplt of model 5 during a right spin 1is
shown in the moving-picture strips of figure 3. The pilot went off the
trailing edge of the outboard wing (freme 15, pilot hidden from camera),
either under the rear part of the fuselage or under the outboard side of
the horizontal tail (frame 18), and out of the helical cylinder (frames 23
to 28), and thereby cleared all parts of the model.

In model 7, the rear cockpit is located so far rearvard of the leading
edge of the wing that this cockpit 1s very close to the tail section. The
pilot, when released from the rear cockpit, passed closer to the bottom of
the horizontal tall surface than when released from the fromt cockpit.

Pilot. release from inboard side of spinning model.- WVhen the pilot
was released during flat spins from the inboard side of the cockplt of
models 1 to 13, there was apparently some air-stream shielding effect on
the pilot brought about by his position relative to the inboard wing and
the fuselage. For those models which had rates of vertical descent greater
than the terminal velocity of the falling pilot during flat spins, the
resulting flow conditions affected the forces acting on the pilot in'such
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a manner that the pllot, when released from the inboard side, did not
immediately rise above and go outboard from the model as he did when
released from the outboard side. Instead, the pilot descended at about
the same rate as the model for an average of about three-eights of a
turn of the model after the release of the pilot; then, the pilot went
upward and outward from the model. For those models which had rates of
vertical descent less than that of the falling pilot during flat spins,
the resultant forces acting on the pilot likewise prevented him from
moving outward until after about thres-eighths of a turn of the model
subsequent to the pilot release. Regardless of whether the models in
the flat spins had rates of vertical descent higher or lower than that
of the falling pilot, the resultant force caused the pilot to move
initially toward the nose of the spinning models in a manner which indi-
ceted that, 1f the alrplane represented by the model was equipped with
a single tractor propeller, a pilot jumping from the inboard side of
the cockplt would have gone through or passed very close to the propeller
disk. The moving-picture strips of figure 4 show a typical result obtained
vhen the pllot was released from the inboard side of the cockpit of
model 5 during a flat right spin. The pilot, after being released
(freme 2), went into the region of the propeller disk (frames 11 to 13).
In some cases, after at first moving toward the nose and the propeller
disk, the pilot went over the fuselage while the model continued to
rotate. The pilot then tended to follow a path generally similar to
those taken by the pilot leaving from the outboard side. The initial
delay in going outward, however, which resulted when the pilot was
released from the inboard side, caused the pilot to come close to parts
of the model that he cleared by large margins when released from the
outboard side. For example, it may be seen in figure 4 that after
leaving the region of the propeller disk, the pilot was nearly struck
by the leading edge of the outboard wing as he passed under the wing
(frame 19); also, 1t may be seen in figure 5 that the pilot, when
released during a flat left spin from the inboard side of the cockpit

of model 6 (frame 18), went slightly forward (frame 25) and then went
over the outboard wing and was struck by the outboard side of the hori-
zontal tail (frame 31). e

When the pllot.was released from the inboard side of the cockpit
of models 1 to 13 during steep spins in which the rate of descent of the
model was conslderably greater than the rate. of descent of the freely
falling pilot, the results obtained indicate that the chief tendency of

" the released pilot was to go over the fuselage of the rotating model,

up and back toward the tail section, and then out of the helical cylinder
being described by the model. For models 5, 9, and 11 to 13, this path
brought the pilot into contact with the rearward part of the fuselage or
with the outboard side of the horizontal tail in the masnner similar to
that already discussed for the flatter spin and shown in figure 5. For
model 10, even though the model was spinning at a steep attitude, its

Rk e
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comparatively low rate of vertical descent caused the pilot, when
released from the inboard side, to drop through the region of the
propeller disk.

Procedure for pilot escape.- The procedure recommended for -
escaping during a spin from an airplane in which the pilot leaves from
‘a cockpit located rearward of the leading edge of the wing is as follows:
(1) Leave from the outboard side of the cockpit and attempt to go over
the top of the outboard wing and off the tralling edge of the wing and
(2) leave in a crouched attitude in order to aid in clearing the under
surface of the outboard side of the horizoptal tail.

" Experimental Results with Cockpit Forward of Wing Leading Edge
(Models 14 to 21) ' '

Pilot release from outboard side of spinning model.- For three of
the models (15 to 17) when the pilot was released during both flat and
steep spins from the outboard side of a.cockpit located forward of the
ving leading edge, the pilot cleared the model satisfactorily in a
manner similar to that in which he cleared models 1 to 13. For five of
the models (14 and 18 to 21) when the pilot was released from flat spins,
‘he cleared the model in a manner almost similar to the manner in which
“he cleared models 1 to 13. The differences were that for models lh, 18,
20, end 21, the pilot went under instead of over the outboard wing, end
for model 19, the pilot brushed against the top surface of the outboard
,wingdwhile going over 1t. - The results obtained with model 21, which had
a 35  sweptback wing, did not indicate any appreciable differences due
~to the sweepback. When the pilot was released during steep spins from
models 14, 19, and 20, the results indicate that it was possible for the
pilot to go over, to go under, or to hit the leading edge of the outboard
wing. The moving-picture strips of figure 6 show a typical relesse of a
pilot from the outboard side of the cockpit of model 20 during a steep
right epin. The pilot, efter being released (frame 17), was struck by
the leading edge of the outboard wing (frames 20 and 21;.

Pilct release from inboard side of spinning model.- When the pilot
was released during flat spins from the inboard side of the cockpit of
models 1k to 21, the pilot went over the fuselage to the outboard
side while the model continued to rotate under him. The resultant path
of the pilot then tended to be somewhat similar to the path taken when
released from the outboard side; the initial motion of the pilot in going
over the fuselage of the model, however, caused the path of the pilot to be
displaced from the path taken when released from the outboard side. As a
result, for models 15, 17, end 19, the pilot was struck by the outboard
side of the horizontal tall; for model 1k the pilot went into the region
of the propeller disk; and for model 16 the pilot went either close over
or close under the outboard wing. :

. 7 DI
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When the pilot was released during steep spins from the inboard
side of the cockpit of five of the models (14 to 16, 19, and 20), the
pilot went over the fuselage. His path was thus displaced from the
path taken when released from the outboard side. As a result, the
pllot was either struck by or came very close to the horizontal tail.
The moving-picture strips of figure 7 show a typical pilot release from
the Inboard side of the cockplt of model 20 during a steep right spin.
After being released (frame 1), the pilot went over the fuselage and was
struck by the outboard side of the horizontal tail (frames 42 and 43).

Procedure for pilot escape.- For spinning airplanes in which the
rilot is located forward of the leading edge of the wing, bailing out
from either side of the cockpit appears dangerous. If the pilot were to
leave from the outboard side of the cockpit, however, he would probably
have a better chance of making a safe escape than if he were to leave
from the inboard side, particularly if he can jump in a direction that
would enable him to avold being struck by the outboard wing. For airplane
designs similar to models 1k to 21, which include many high-speed jet— and
rocket-powered airplanes, it may be advisable as a safety factor to provide
for an ejJection-seat or a capsule system which would throw the pilot safely
away from the spinning airplane, or to make provisions which would enable
the pilot to move to a more rearward location from which he could bail out
with a better chance of clearing the outboard wing.

Calculated Results of Pilot's Path Relative to Spinning Airplane

An attempt has been made to show that when the steady-spin parameters
of an airplane can be determined from model tests or estimated from design
data, the relative paths of the spinning airplane and of a man upon aban-
doning the airplane can be estimated. Estimates of the relative paths
have been plotted for two spinning conditions of an airplane, typical of
those considered in the present 1nvest1gation. For simplicity in calcu-
lating the approximate paths of the man's body falling relative to the
airplane, an assumption of independent horizontal and verticsl motions
was made. Reference 5 indicates that, for the brief psriod of 1 or 2 seconds
following bail-out, this assumption gives a very close approximation to the
relative paths of an airplane and of a man after having bailed out of an
airplane in level flight; likewise for this dbrief period, this assumption
should give a close approximation to the relative paths of a spinning
airplane and of a man after having ba: led out of the airplane.

The initial vertical velocity of a falling man just as he leaves a
spinning alrplane is the same as the rate of descent of the spinning
airplane. 1In estimating the subsequent vertical positions of the man at
intervals after leaving the airplane, his resulting acceleration or
deceleration as his rate of descent approached terminal velocity was

ang@AL [ (AT
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considered. The terminal vertical velocity of a man's body in a free

fall at an altitude of 15,000 feet was taken as approximately 202 feet per
second, which corresponds to an average value of 160 feet per second at
sea level. (See reference 5.) The assumed terminal velocity of a men

in a free fall is in falr agreement with the indicated terminal velocity

.of the released pilot in the tumnel tests scaled up to full scale; this

.fact can be seen by a comparison of the full-scale values of model
velocities of descent given in teble I with the notations in table TTT
concerning the vertical motion of the pilot model with respect to the
alrplane models after being released.

Applying the equilibrium equation ’

W=D= VQSP

che
for the special value of V,, V. at 15,000 feet = 202 feet per second, gives

200 = chg( 202)23p

Therefore,
200

, . CDvgsp = = 0.00h9

(202)2
In vertical descent, not at Vﬁ,

w 2
X ay =W - 0pn 83,47
Pl ,Cpy5SpVv

(200 - 0.0049V,2)g
200

8y =

No experimental data were available for use in app%oximating the horizontal
motions of a man after bail-out; a constant. frontal area of 8 oquare feet
for a man in a flying suit and a constant drag coefficient of 1.25 (drag
coefficient of flat plate normal to wind stream) were assumed :

\ - 0.001496 -
Cp,£8p = 1.25 x __2_2 x.8 = 0.00748
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In_horizontal flight,
’ Eah = Cp, £ SV, 2
g > P'h

0.00748v},%g
200

h =

The initial horizontal velodity of a man Just as he leaves a spinning
airplane was determined by RQ. )

By using a step-by-step procedure - that ia, by assuming the instan-
taneous values of a, and &, to be effective for emall increments of

time and by letting V, and Vyh vary accordingly after each increment

of time - the component paths of the falling man have been computed as
follows: 4 . :

av
Boy = Vot + —t2

and

8
Asy = Vpt - Q_hte

For the two examples presented, rates of airplame vertical descent
greater and less, respectively, than the terminal velocity of a men's
body in a free fall were assumed. Four alternate patha taken by the
man's body have been estimated for each spin. These paths started from
four corresponding points of pilot exit, that is, outboard and inboard
sides of the cockpit for two cockpit locations - cme forward and one
rearward of the leading edge of the wing. The relative positions of the
alrplane and of the man have been computed at intervals of one-quarter
turn of the model about the spin axie and are shown in figures 8 and 9.
These figures indicate that if bail-out is made from either the inboard
. or the outboard side of a cockpit located forward of the wing leading
edge, there is danger of the pilot being struck by the outboard wing, but
that 1f bail-out is made from a cockpit located rearward of the wing
leading edge, safe escape should be effected. As discussed previously,
the experimental test results also indicated that bailing out of a cockpit’
located forward of the wing leading edge was dangerous. The experimental
results indicated, however, that leaving the inboard side of a cockpit
located rearward of the wing leading edge would not lead to safe escape.
Thus, the computed results are not in complete agreement with the test
results. The use of the equations in making the computations was based
on the assumption that the man accelerated vertically and horizontally
immediately upon leaving the cockpit, although the test results indicate
that such was not the case when the pilot model was released from the

. \(»‘\'.Jf’ﬂr"r_'r"‘
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inboard side of the cockpit located rearward of the wing leading edge.
Accordingly, corrections based on the test results have been applied in
computing the man's path after leaving the inboard side of the rearward
cockpit and the recomputed relative positions are also shown in figures 8
and 9. For figure 8, in which V> Vi, the correction consisted of
assuming that during the first three-eighths of a turn of the airplane
following bail-out, the pilot moved downward to a point near the nose of
the airplane and then began to move upward and outward. For figure 9,

in which Vg < Vi, the correction consisted of assuming that the pilot

did not start to move outward from the airplane until three-eighths of a
turn after bail-out. The recomputed results indicate relative paths
similar to those obtained during the experimental test results.

These results show that when the steady-spin parameters of an airplane
can be determined from model tests or estimated from design data, the rela-
tive paths of the spinning airplane and of a man upon abandoning the
airplane can be estimated.

Effects of Centripetal Acceleration on Pilot of Spinning Airplane

Based on the data obtained during the model spin tests, the centri-
fugal forces that would act on pilots due to centripetal acceleration
during flat and steep spins of the airplanes simulated in the tests have
been evaluated in order to determine whether the pilots could move suffi-
ciently to bail out of the cockpitg. In calculating the centripetal
accelerations the formula ag; = RQ“ was used and the accelerations are
listed 1n table IV. The radius of each spin was computed by the method
of reference 1. In order to bail out of either side of the cockpit, a

pllot must move his body in a direction at right angles to the force
- resulting from the centripetal acceleration. Reference 6 indicates that
a man's ability to make such a movement is seriously restricted when the
magnitude of the acceleration reaches 2g or 3g and that in the neighbor-
hood of 4g it becomes impossible to do more than move the arms and legs.

The values in table IV indicate that the force due to centripetal
acceleration which would act on pilots during flat, fully developed spins
of airplanes of ‘the types for wnich pilot-release tests were made would
not prevent a pilot from bailing out of the cockpit. The calculations also
indicate that for some steep spinning coniitions, such as for a man in the
more rearward cockpit of the airplane simulated by model 10, the accelera-
tion might reach values of approximately 38 which would make escape diffi-
cult but not impossidle. The test of model 10 may apparently be considered
an extreme case, however, because of its large radius of spin combined with
a relatively high rate of rotation about the spin axis. As a spin becomes
steeper, the radius of spin generally increases and the rate of rotation
about the spin axis decreases, these two factors compensating for one
another in determining the centripetal acceleration.

e nm@;}ﬁ’ﬂ(",’ﬁ'ﬁ
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Previous Investigations of svins of large airplanes of types for-
which model pilot-release tests were not made indicated that accelera-
tions of 6g may be reached at the tail of the spinning airplane; these
accelerations would result in a force which would immobilize a man (see
reference 7).

CONCLUSIONS AND RECOMMENDATIONS

Based on an analysis of the results of pilot-release tests made
from 21 models of fighter, torpedo-bomber, scout-bomber, and trainer
airplanes spinning in the Langley 20-foot free-spinning tunnel, the
following conclusions and recommendations are made:

1. For airplanes in which the cockpit is rearward of the leading
edge of the wing at the fuselage Juncture, the procedure recormended
for bail-out is as follows: (1) Leave from the outboard side of the
cockpit (left side in a spin to the pilot's right) and attempt to go
over the top of the outboard wing and off the trailing edge and
(2) leave in a crouched attitude in order to aid in clearing the under
surface of the outboard side of the horizontal tail.

2. TFor alrplanes in which the cockpit is forward of the leading
edge of the wing at the fuselage Juncture, bailing out from either side
.of the cockpit is dangerous. Indications are that the pilot would have
a better chance of escaping 1f he leaves from the outboard side rather
then from the inboard side, particularly if he can Jump in a direction
that would eneble him to clear the outboard wing of the airplane. Provi-
sion of an ejection-seat or a capsule system which would throw the pilot
safely away from the spinning airplane may be advisable. '

3. It was found that the path followed by a man after leaving a
8pinning airplane can be calculated if the angle of atteck and the rates
of descent and rotation of the airplane are ¥mown.

4, For the typeq of alrplanes covered by this experimental investi-
gation, analysis indicates that the centrifugal force which would act on

a pilot during a spin would probably not prevent him from leaving the
cockpit.

Langley Aeronautical Laboratory -

National Advisory Cormittee for Aercnautics
Langley Field, Va.
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TABLE T.- STEADY- SPIN PARAMETERS OBTAINED FOR THE MODELS
FOR WHICH PILOT-ESCAPE TESTS WERE MATE IN
THE LARGLEY 20-FOOT FREE-SPINNING TUNNEL

[Modol results have been converted to full-scale airplﬁno valuoa]

Flat spine . Steep spins
(80° to 62°) < {<bo®)
Model a Va ! o A/ "o

(deq) (fpe) (rpe) (deg) (fps) (rpe)

1 T 224 0.k2 (2) &y 3m  (a)
2 hé 216 Ml 27 300 - 0.56
3 L3 273 R¥ 3 (a) 5320 " (a)
b 62 197 A9 (a) &> 347 " (a)
5 60 216 M7 (a) 2> 326 (a)
6 9 216 A3 23 313 56
7 60 189 43 (2) % 306 (a)
8 50 211 M1 --e -—- . —-e-
9 53 207 .37 (a) >3m0 | (a)
10 - - ---- 19 211 41
1 N 58 210 M2 26 350 .38
12 s | 23 38| > 36 40

13 ° 45 220 - 37 (a) #>310" (2)

1h 15 201 © .38 (2) “>3QO (e)

15 60 223 .36 (a) 2,306 (a)
16 43 260 42 29 328 A9
b7 58 197 .3b --- --- ----
50 202 34 --- - .-
18 51 216 .36 --- --- ——--

19 % 2kk 36 (a) ®>320 (a)

20 57 198 -e-- (c) 300 (c)

: (approx.)
21 k0 " R Y - - —-

-

a ' .
Becausge of high rate of vertical descent, pilot released before model reached
1ts final steep attitude (approx. range of « from 15° to 30°).

bTwo types of flat spins obtained for model. I'Ell

Cparamsters a and - 0 not measured because of extreme oscillations of model,
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APOSITION OF PILOT IN COCKPIT

FIGURE .- THREE-VIEW SKETCHES OF THE MODELS FOR WHICH PILOT-RELEASE TESTS
WERE MADE, DIMENSIONS ARE FULI-SCALE. N
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Figure 2.- Photograph of a model spinning in the Langley 20-foot
free-spinning tunnel.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL AERONAUTICAL LABOSATORY - LANGLEY FIELD. VA
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