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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 1n a spin to the pllot'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 indicated that, if 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. TFor alrplanes 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 then 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 1f 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
which would act on a pilot during a spin would probably not prevent him
from leaving the cockpit.

INTRODUCTTION

Safe pilot exit from aircraft during an emergency in flight is a
problem of great importance. This problem includes safe escape from
spinning airplanes. Tests in which models of pilots were released from
spinning airplane models have been made in the Langley 20-foot free-
spinning tunnel 1n connection with spin tests of models of specific
service airplanes. The results of these tests have been collected and
enalyzed in en attempt to establish a criterion for determining from which
side the pllot of a spinning airplane should attempt an emergency escape.

1Supersedes the recently declassified NACA RM 18D28, "Pilot Escape

from Spinning Airplanes as Determined from Free-Spinning-Tunnel Tests" by
Stanley H. Scher, 1948.
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Twenty-one models were tested, covering a range of low-wing and
midwing military airplanes ccnsidered to be in the spinning category.
One of the models tested had a 35° sweptback wing. TFor 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 pilot 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 airplane for comparison with the model
test results.

The centripetal accelerations that would act on pilots during spins
of the alrplasnes simulated were calculated and compared with available
experimental data which show the limitation of such forces on & man's
ability to move his body in a direction similar to that required in
bailing out of an airplane.

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

leading edge of mean aerodynamic chord to mean
aerodynamic 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

1ine

m mass of alrplane, slugs

Iy, Iy, Iy moments of inertia about Xé Y, and Z body axes,
respectively, slug-feet

[} alr density, slugs per cubic foot

M relative density of airplane// m_\

\PSub)
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Pilot symbols:

&n

ABV

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

degrees

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

full-scale angular velocity of alrplane about spin
axls, revolutions per second or radians per second

drag of pilot, pounds
frontal area of pilot, square feet

vertical drag coefficient of pilot

2
Vv Sp

horizontal drag coefficlient of pilot
DVhS

Instantaneous vertical velocity of pilot, feet per second
instantaneous horizontal velocity 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 due to gravity (32.17 ft/sec?)
weight 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
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Asp horizontal component of path traveled by pilot in
increment of time, feet
a. 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 military airplanes,
ranging in scale from 1/25 to 1/1&, 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 pilot-escape test results. The
pilot 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 welghts to obtain dynamic similarity to the respective airplane and
pilot 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 airplames 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 tunnel,
the operation of which is similar to that of the Langley 15-foot 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 1is
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
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model at the outboard and again at the inboard canopy Juncture. The
pllot 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 possible
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 then the simplsr pilot-release tests. Because the high rate
of vertical descent of some of the models during steep spins exceeded
the airspeed svailable in the tunnel, the final steep spin attitude
could not be obtained; thus, the pilot 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 conditions in which the plilot,
upon being released from a given side of the cockpit, was observed to
clsar 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
corresponiing full-scale airplane by bailing out of the same side of the
cockplt. Results were considered consistent if the pilot's path relative
to the model d1d not vary for at least four releases for each condition
tested.

TEST CONDITIONS

The steady-spin parameters which were obtained in the Langley 20-foot
free-spinning tunnel for the mode! spinning conditions for which the pilot-
release tests were made are presented in table 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
which may be useful in applying the test results to various airplane
designs not specifically covered in the present investisation. -As noted
in references 2, 3, and h, model tests have indicated that the smount
and the arrangement of mass in an airplane usually influences 1ts spin-
ning characterlstics, 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 alrplane during a
spin.

The control surfaces of the airplane models were ad justed and held
constant at values within the maximum ranges of control deflections for
the airplanes represented in such a manner as to obtain the flat and steep
spins deslred for making the pllot-release tests.
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RESULTS AND DISCUSSION

The results of the model pilot-release tests are presented in
table ITT. Inasmuch as the location of the cockpit with respect to the
wing greatly influenced the results, the experimental tests are discussed
iIn two sections, which correspond to models with cockpits located rear-
ward and forward, respectively, of the fuselage Jjuncture 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 thes
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 airplane 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 fuselage or under the outboard
side of the horizontal tail which passed over the pilot as the model
continued to rotate. Usually, the released pilot 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 cockpit of model 5 during a right spin is
* shown in the moving-picture strips of figure 3. The pilot went off the
trailing edge of the outboard wing (frame 15, pilot hidden from camersa),
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 rearward of the leading
edge of the wing that this cockpit is very close to the tail section. The
pilot, when released from the rear cockpit, passed closer to the bottom of
the horizontal tail surface than when released from the front cockpit.

Pilot release from inboard side of spinning model .- When the pilot
wag released during flat spins from the inboard side of the cockpit 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. PFor those models which had rates of wvertical 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 pilot, 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 three-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 sids of
the cockpit would have gone through or passed very close to the propeller
disk. The moving-picture strips of figure 4 show a typical resuit obtained
when the pilot was released from the inboard side of the cockpit of
model 5 during a flat right spin. The pilot, after being released
(frame 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
outtoard side. For example, it may be seen in figure 4 that afier
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, it may be seen in figure 5 that the pilot, when
released during a flat left spin from the inboard side of the cockplt

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).

When the pilot was released from the inboard side of the cockplt
of models 1 to 13 during steep spins in which the rate of descent of the
model was considerably 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 manner 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
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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 cockplt 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 umder
surface of the outboard side of the horizontal tail.

Experimental Results with Cockpit Forward of Wing Leading Edge
(Models 1k 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
wing 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 msnner almost similar to the manner in which
he cleared models 1 to 13. The differences were that for models 14, 18,
20, snd 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
wingowhile 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 &
pilot from the outboard side of the cockpit of model 20 during a steep
right epin. The pilot, after 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 14 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 tail; for model 14 the pilot went into the region
of the propeller diskj; and for model 16 the pilot went either close over
or close under the outboard wing.
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When the pillot was released during steep spins from the inboard
side of the cockpit of five of the mcdels (14 to 16, 19, and 20), the
pilot went over the fuselage. His path was thus displaced from the
path teken when released from the outboard side. As a result, the
pilot 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 cockpit of model 20 during a steep right spin.
After being released (frame 14), the pilot went over the fuselage and was
struck by the outboard side of the horizontal tail (frames 42 and U43).

Procedure for pilot escape.- For spinning airplanes in which the
pilot is located forward of the leading edze 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 lenve
from the inboard side, particularly if he can jump in a direction that
would enable him to avoid being struck by the outboard wing. For alrplane
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 ejection-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 Relatlive 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 alrplane, typical of
those considered in the present investigation. For simplicity in calcu-
lating the approximate paths of the man's body falling relative to the
airplane, an assumption of independent horizontal and vertlical motions
was made. Reference 5 indicates that, for the brief period 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 balled out of an
airplene in level flight; likewise for this brief period, this assumption
should give a close approximation to the relative paths of a spinning
alrplane and of a man after having bailed out of the airplane.

The initial vertical velocity of a falling man Just as he leaves a
spinning airplane is the same as the rate of descent of the spinning
airplane. In 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
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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 terminsal velocity of a man

in a free fall is in fair agreement with the indicated terminal velocity
of the released pilot in the tunnel 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 tsble LTT:
concerning the vertical motion of the pilot model with respect to the
alrplane models after being released.

Applying the equilibrium equation

2
W=D ngvv o
for the special value of Vv, V¢ at 15,000 feet = 202 feet per setond, gives
2
= B(202
200 CDvg( ) Sp

Therefore,

Cp gsp ain B0 s 600D

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

W )
Xay =W - Cpn BSoV
P v szpv

(200 - 0.0049V,°)g
200

ay =

No experimental data were available for use in approximating the horizontal
motions of a man after bail-out; a constant frontal area of 8 square 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.

i 0.001496 n
Cp,£8p = 1.25 x 2R x 8 = 0.00748
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In horizontal flight,
W 2

0.007k8vy,%g

*h = 200
The initial horizontal velocity of a man just as he leaves a spinning-
airplane was determined by RQ.

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

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

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

&
Aoy = Vot + =12

and

a
Asy = Vit - -2-}—11;2

For the two examples presented, rates of airplane vertical descent
greater and less, respectively, than the terminal velocity of a men's
body in a free fall were assumed. Four alternate paths 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 cockplt locations - ome forward and one
rearward of the leading edge of the wing. The relative positions of the
airplane and of the man have been computed at intervals of one-quarter
turn of the model about the spin axis 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 1s danger of the pilot being struck by the outboard wing, but
that i1f bail-out 1s 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
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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. TFor figure 8, in which V4 > 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. TFor figure 9,

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

did not start to move outwerd 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 & 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 cockpits. In calculating the centripetal
accelerations the formula ac = RQ“ was used and the accelerations are
listed in 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 cockplt. The calculations also
indicate that for some steep spinning conditions, 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 3g which would make escape diffi-
cult but not impossible. 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 sp!ln generally increases and the rate of rotation
about the spin axis decreases, these two factors compensating for one
another in determining the centripetal acceleration.
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Previous Investigations of spins 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 spimning 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 recommended
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. For 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 1s dangerous. Indications are that the pilot would have
a better chance of escaping if he leaves from the outboard side rather
than from the inboard side, particularly if he can jump in a airection
that vould enable him to clear the outboard wing of the airplaae. 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. Tt 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.

L. For the types 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.

Lahgley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., November 28, 1947
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TABLE T.- STEADY-SPIN PARAMETERS OBTAINED FOR THE MODELS

FOR WHICH PTLOT-ESCAPE TESTS WERE MADE IN

TBEE LANGLEY 20-FOOT FREE-SPINNING TUNNEL

[Model results have been converted to full-scale airplane valnod]

15

Flat spins Steep spins
(h0° to 62°) (<ko©)
Model 1 - Z < v. 5
(deg) (fps) (rpse) (deg) (fps) (rps)
1 Lk 20) 0.k2 (a) &> 34 (2)
2 L6 216 M1 27 300 0.56
3 43 213 A6 (2) *> 320 (2)
4 62 197 49 (=) &> 347 (2)
5 60 216 i (2) &> 326 (a)
6 ko 216 M3 23 313 56
7 60 189 43 (2) % 306 (2)
i 8 50 211 b1
9 53 207 37 (a) %> 340 (a)
. 10 - e ceee 19 211 A1
11 58 210 k2 26 350 .38
12 51 233 .38 25 326 L0
13 45 220 37 (2) *>310 (a)
14 45 201 .38 (a) #5300 (2)
15 60 223 .36 (a) #>306 (a)
16 43 260 42 29 328 W)
By7 58 197 .3k ke e 1)
50 202 34 --- 5 s
18 51 216 .36 == S =Ty
19 46 2hk .36 (=) 83320 (2)
20 5T 198 =—c- (c) 300 (c)
(approx.)
" 21 ko 25k 4o ot ~== -=--

b,

Two types of flat spins obtained for model.

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

CParameters a and 0O not measured because of extreme oscillations of model.



TABLE II.- MASS CHARACTERISTICS OF THE MODELS TESTED

[Model values have been converted to full-scale values)

I

Weight B at test Center-of- Moments of inertia about
Model (1b) at sea alti- gravity center of gravity
level tude location z
xfe zfe Iy Iy 7
(slug-rt2) (slug-£t2) (slug-£t2)
1 8,860 13.k 21.2 0.238 -0 .0k2 5,1k9 8,176 12,6k2
2 13,818 9.8 15.6 260 060 16,21 22,639 36,810
3 16,396 15.6 2k.9 .300 070 16,335 18,011 33,519
i 18,150 1.7 18.6 .270 .0k0 16,692 25,525 k1,81k
5 19,998 12.3 19.5 220 070 27,445 28,5kk 53,641
6 20,831 11.0 17.h 268 122 23,8022 31,619 5h,321
1k,061 9.3 1%.8 312 .021 15,50k 21,903 36,240
8 9,51k 1133 18.0 268 .00k 5,720 11,63% 17,330
9 16,378 111 17.7 250 .020 11,546 33,539 k2,211
10 3,808 5.1 6.8 +250 0k9 1,85 2,72k 4,248
11 19,280 11 1741 245 01k 22,6k5 39,842 58,957
12 26,603 8.2 15.3 216 06k 52,472 51,969 10k,000
(approx.)
13 17,036 8.4 13.3 27h 073 25,977 31,949 56,523
1k 18,180 11.2 17.6 212 009 17,335 37,000 5k, 000
(approx.)
15 12,963 17.9 28.h 270 -.010 11,71k 1h,93k 25,731
16 1k, 340 19.2 30.6 235 .12% 33,368 13,839 45,085
17 7,873 8.8 16.6 .20k -.010 h,136 9,397 13,461
18 12,392 13.5 21.k .183 069 7,887 15,957 22,058
19 19,773 11.3 18.0 265 01k 19,630 3k, 0kk 51,557
20 9,062 18.1 28.8 .330 -.076 k,133 12,266 15,265
21 16,567 15.6 24.8 196 - .08 12,211 42,218 51,888
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TABLE III.

RESULTS OF PILOT-RELEASE TESTS MADE WITH MODELS IN THE IANGLEY 20-FOOT FREE-SPINNING TUNNEL

&odels 1 to 13 have cockpits located rearward of wing leading edge; models 14 to 21 have cockpits located forward of wing leading edge]

8pilot re'l-era;ed from front cockpit; see figure 1.
bpilot released while model was steepening, but was still in fairly

Flat spins T Steep spins
Model Pilot released from outboard side Pilot released from inboard side Pilot released from outboard side Pilot released from inboard side
of cockpit of cockpit of cockpit of cockpit
Vertical Vertical . Vertical Tertical
moblon Path after release moLion Path after release motian Path after release e Path after release
relative relative relative relative
to model to model to model to model
1 Up Went over trailing edge of Up Passed through propeller disk Up Went over trailing edge of Up Went over fuselage, under
outboard wing, under rear outboard wing, under rear outboard side of horizontal
fuselage or horizontal tail, fuselage or horizontal tail, tail, out of helical
and out of helical cylinder; and out of helical cylinder; cylinder; cleared model by
cleared model by adequate cleared model by adequate adequate margin
margin

2 -do- -do- ] do========cccam= -do- -do- Do.

3 -do- -do- | =ememeemce--- do: - -do- -do- Do.

b Down Down memmmm——————— do--mmmmmmmmmna= -do- -do- Do.

5 Up U e e e e -do- -do- Went over fuselage, was
struck by outboard side
of rear fuselage section

6 ~do- | ==memmemsceee- do==memmnmcmeann -do- Passed close to propeller -do- | seescmmeece-- do===== sememem—e -do- Went over fuselage, under

disk; then went over fuse- outboard side of horizontal
lage and upward and was tail, out of helical
struck by outboard side of cylinder; cleared model
horizontal tail

By Down | =====-=-mee-- do=mmmmmm—— e Down Passed through propeller disk DKone | do-=eecwecmennnn Phown Ppassed through or near
propeller disk

e -do- Went over trailing edge of -do- SasEe ettt Rf-estuns e et b_go- D do=eemevncacacas PNone ent over fuselage, was

outboard wing, under rear almost struck by
fuselage or horizontal tail, outboard wing tip; then
and out of helical cylinder; went out of helicel
cleared horizontal tail by cylinder
smaller margin than when
released from front cockpit

8 Up Went over trailing edge of Up Ty [ tmale Mgl e B8 R Gl oSl comie b M & T S A e el
outboard wing, under rear
fuselage or horizontal tail,
and out of helical cylinder;
cleared model by adequate
margin

9 None Dowmn | =-mmecceceea- d0-=====cemmemee Up Went over trailing edge of Up Went over fuselage, was

outboard wing, under rear struck by outboard side
fuselage or horizontal tail of horizontal tail
and out of helical cylinder;
cleared model by adequate
margin
ﬁ10 d‘Down d-d_o- -do- Ca Down Pagsed through propeller disk
€10 d_do- ~do- -do- -do- .

1 None -do- -do- Up Went over fuselage, was
struck by outboard side
of horizontal tail

12 Up Up -do=-==- -do- -do- Do

23 -do- -do- : ------------- do=w==smommm——an ~do~ -do- Do.

CPilot released from rear cockpit; see figure 1.
dpilot released immediately after launching while model was in flat attitude; had not steepened to spin indicated in table I.

flat attiiude with low rate of descent.
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TABLE IITI.~ RESULTS OF PILOT-RELEASE TESTS MADE WITH MODELS IN THE L°NGLEY 20-FOOT FREE-SPINNING TUNNEL — Concluded

Flat spins Steep spins
%’ d side Pilot released from inboard side Pilot released from outboard side Pilot released from inboard side
Pilot releas;% gzg;:pgté\t‘boar % =ty O et of cockpit
Model Vertical Vertical Vertical Vertical
::;::‘1‘" l Path after release ::t:::“ Path after relsase :ﬁ:‘;“ Path after release :ﬁ:‘;n Path after release
to model | to model to model to model
1k Down Went under leading edge of Down Went over nose and forward Up Went over or under leading Up Went over fuselage, was
outboard wing, under rear near propeller disk; then edge of outboard wing and struck by outboard side
fuselage or horizontal tail, went under leading edge of under rear fuselages or of horizontal tail
and out of helical cylinder outboard wing in same horizontal tail and out of
within one-half turn of the manner a8 when released helical cylinder
model following release; from the outboard side
cleared model by adequate
margin
15 Up Went over outboard wing, wnder Up Went over fuselage and was -do- Went over outboard wing, ~do- Do.
rear fuselags or horizontal struck by outboard side of wnder rear fuselage and out
tail, and out of helical horizontal tail of helical cylinder; cleared
cylinder; cleared model by model by adequate margin
adequate margin
16 =d0- | mmmmmmeee——— domm=m=mmmmmm— -do- Went over nose, under or over ~do- | =eecmveccmaaa- dossensnesscnnon ~do- Went over fuselage, ceme
leading edge of outboard near outboard side of
wing, and under horizontal horizontal tall; cleared
tail; cleared mcdel by model by small margin
mnall margin
€7 ©None B L ®Down ®Went over nose, under ccae | eaeea e e - srdedXei-xsasasssanssscsas
leading edge of outboard
wing, and below model;
remained in helical
cylinder longsr than when
released from the outboard
side
1"17 fUl’ or st Qo========m=mmau fUp Went over fusel s e e P T R S o ek
age and was |  s=== ]| eeeece e eceecccceeee
struck by outboard side
of horizontal tail
18 None Went under outboard wing, Down Went over nose, under lsading ceme | comecaaoaas e aSe e ke e B
under rear fuselage or edge of outboard wing, and
horizontal tail, and out of belov model; clearsd model
helical cylinder; cleared by adequate margin
model by adequate margin
19 Up Went over outboard wing, Up Went over fuselage and was Up Hit leading edge of outboard Up Hent over fuselage and close
brushed against top surface, struck by outboard side of wing, or went over wing and over or umder horizomtal
and went under rear fuselage horizontal tail under rear fuselage and out tail; indicated possibility
or outboard side of hori- of helical cylinder of being struck by hori-
zontal tail zontal tail
20 Down Went under leading edge of Down Went over nose and under ~do- Hit leading edge of outboard -do- Went over fuselage, was
outboard wing, under rear leading edge of outboard wing or went under wing and struck by outboard side of
fuselage or horizomtal tail, wing; did not leave helical under rear fuselage and out horizontal tafl
and out of helical cylinder cylinder until ome and ome- of helical cylinder
within cne-half turm ef the half turns of model
model following release; following release .
cleared model by adequate
margin
21 Up | ==cemmeecana- do-=m==-memme—mea Up e ————— Qo= =mmmme mmmm | emmecmccccccccccccccccacana - sewe | =ececccceccctcccorcncmnccacaa

;58° flat spin in table T. W
50° flat spin in teble I.
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TABLE IV.- FULL-SCALE VALUES OF CENTRIPETAL ACCELERATIONS ACTING ON PILOT

DURING STEADY SPINS OF ATRPLANES SIMULATED BY FREE-SPINNING MODELS

Moiel L Flat spins Steep spina
| R Q Q ac ac R Q Q ac ac

(rt) (rps) (radians/sec) (£t/sec?) (g) (£t) (rps) (radians/sec) (£t/sec?) ()

1 k.75 0.42 2.6k 33.1 103 TR =Cs w=m S —--- —--
2 k.66 RIS 2.57 30.8 96 5.02 0.56 3.52 62.2 1.93

3 175 46 2.89 39.7 123 |
4 1.83 B9 3.08 17 .4 B N ——— ——-- = o
5 2.17 AT 2.95 18.9 59 | meee- c—e- s P e
6 % .00 43 2.70 29.2 91 6.10 56 3.52 75 .6 2.35
&t 1.50 A3 2.70 10.9 3 | eeee- —ee- oot - il
b 8.83 A3 2.70 64 .4 2000 | . mee= ates = s e
‘ 8 3.26 M1 2.57 21.5 b7 | eee-- - e P =5ia
9 .58 37 2.32 2h.7 B o A IR ———- e caes o
210 —-e - ——-- —.-- —--- 13.18 B 2.57 87.1 2.71
10 ---- ---- — | e —--- 14.37 i 2.57 9.9 2.95
11 2.88 A2 2.6h 20.1 62 11.50 .38 2.39 65.7 2.0k
12 4.55 .38 2.39 26.0 81 10.95 40 2.51 69.0 2.1k
13 k.16 37 2.32 2.4 .70 —men ——-- -e-- S e
1k 258 .38 2.39 3.3 A0 | mmee- - .- —.-- —--
15 .33 .36 2.26 1.7 05 | emeem- ——-- - ———- ——--
16 0 A2 2.64 0 0 .58 Ao 3.08 5.6 17
17 (¢] 3k 2.1k 0 0 | eee-- ———- R ———- o
18 1.62 .36 2.2 8:3 G|t e L e 393 o
19 2.2 .32 2.01 9.1 28 | eecee ———- - .. B
20 e =
21 ‘ k.30 B 2.51 o7 1 B | eeee- caae e ——-- —e—-

&Front cockpit.
PRear cockpit.
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MODEL 3
APQOSITION OF PILOT IN COCKPIT

FIGURE {.- THREE-VIEW SKETCHES CF THE MODELS
WERE MADE. DIMENSIONS ARE FULI=SCALE.

MODEL 4

FOR WHICH PILOT-RELEASE TESTS
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MODEL 9 MODEL IO
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oDEL 11
IpEL A POSITION OF PILOT IN COCKPIT

FIGURE 1.-CONTINUED.
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Figure 2.- Photograph of a model spinning in the Langley 20-foot
free-spinning tunnel.



Frame Frame
1 25
2 26
3 27
4 28
5 29
6 30
7 31
8 32

Figure 3.- Moving-picture strips of pilot release from outboard side.
(Arrows indicate pilot.)

Model 9; right spin,
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Frame Frame

Frame
r 1 18 27
- 19 28
2 20 29
2 21 30
0 22 31
6 23 32
7 24 33
1 8 95 34
9 26

Figure 4.- Movmg—plcture strips of pilot release from inboard side. Model 5; right spin.

‘ (Arrows indicate pilot.)
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Frame

18

19

20

21

22

23

24

25

Figure b.- Moving-picture strips of pilot release from inboard side.
(Arrows indicate pilot.)
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32

33

Model 6; left spin.
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Frame Frame Frame

1 14 20
= 15 21
3 16 42
4 17 2
5 18 24
8 19 ab
:

Figure 6.- Moving-picture strips of pilot release from outboard side. Model 20; right spin.

(Arrows indicate pilot.)
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Frame
Frame Frame
15
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16
9 23
10 1
24
11 18
29
26
20
13
27
14 b

Figure 7.- Moving-picture strips of pilot release from inboard side. Model 20; right spin.
(Arrows indicate pilot.)
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Frame

Figure 7.-
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Concluded.
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Siae yiews op Views

| L Al0 second

Y T T

5 At 0625 second  airplane
> has descended /44 Feer

5D

Al L2 5 seconds arplane 23
has cescended 288 rect

X /_EO//?T.S,O)Z‘),O//O?EX/'Z[L/ f PRI

O From Inboard side of rearward cockpi

O From outboard Side of rearward cockpit
a From (nboard Side of for ward cochpit

O From outboard side of forward Cockoir

NFrom inboard Side of rearward cockpl) Correcred

Frgure 8.~ Relative posirions, at infervals following baitout. of o
fa////;fy man and or an anplane spinhing with a rare of descent
greajer 79han gt of 1he man. Fight 30in; cc < 45 ° V5230 feet
per second 2 =040 revolufions per Second.
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SIZE VIEWS 700 views
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AD %
At L1875 seconds arplane
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oo

DS -—‘—
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AO

AS

At 3125 seconds ajrplane
has descended 720 réer

X Po/nis or pilot exit

Q Fom inboard sige of rearward cockpit
© From outboard site of rearward cocKpit
A from inbaird side of forward cockpit
& From outboard Side of ror ward cockpit
N From 1nboara Side of rearward cockprt correcied

frgure 8.- Concluded.
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Side views Top views

At 0 second

'—————¢0’—~l

35

ORI @Kl

Al 0.5 second airplane
hqs descended 995 feer

Al 1.0 second aimplane ot
Pas descentad Vo) e “'
e

X //fomfs ?f p/ﬁf 5’2(///' 2 LIS s v

O /707 INDOGIG7 S/G€ o7 [ealrWar COCAP! *‘!W
O From ourboard Side of reawarad  cockpit '

A From Inboard Size or 1orward  cockplt

O From oulboarg Side of rorward cocApit

NFrom inboard side of rear ward cockpll, correcled

Figure 9.- Relafive positions, ar intervals 1ollowing bail-our, of a
Tamng man and or an arplene Spihhing With a rare of
descént less than that of The man. Right spin: oc=60°%
V=190 feet per second- C2=0350 revolutions per S€cond.
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Side views Jop views

\ e n B0
A _
At 1.5 seconds airplane
has descended 2835 reet .
jE L [ E L mo
Bo

A AD

has descended 380feet

AT 2.0 seconds airplane
/ N ;10
AS / LS

At 25seconds airplane
has descended 475 feet

x Poin7s of pitot exi?

a From inboard side of rearward cochpit

O From outboard side of rearward cockpit

a From inboard side of forward cockpit

& From outboard Side of forward cochpit

b From 1nbogrd side of rearward cochpl/t corrected

Figure 9.- Concluded.
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