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MEMORANDUM REPORT
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Bureau of Aeronautics, Navy Department
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FREE-SPINNING-TUNNEL TESTS OF A 1/23.75-SCALE MODEL
OF THE DOUGLAS DC-3 ATRPLANE

By Oscar Seidmen and George F. MacDougall, Jr.

SUMMARY

A model of the Douglas DC-3 airplane was tested in the 20-foot
free-spinning tunnel for several loading conditions. The load factor
for the airplane as a whole, the load on the horizontal tail, and the
force required to start moving the elevator downward were estimated
for some of the steady spins. The altitude loss in the recovery from
a spin and in the pull-out from the ensuing dive was also determined.
Although recoveries were fairly rapid, it was concluded that, because
of possible structural overload and high control forces, it would not
be safe to put the DC-3 airplane into an established spin.

TINTRODUCTION

Considerabls interest has developed in recent years in the spin
characteristics of transport-type airplanes, of which the Douglas DC-3
is a representative example. Serious accidents have occurred,
which investigators concluded might have resulted from entry into
spins. Air-line pilots have reported inadvertent spins on regular
air-line equipment on quite a few occasions.

It is understood that some air lines check pilot personnel in

‘one-turn spins on standard air-line transports. Rapid recoveries were

obteined when rudder and elevator were reversed. There is, however,
1little edditional information concerning the spin charscteristics of
transport-type aircraft, although models of some twin-engine military
eirplanes have been tested in the NACA 15-foot and 20-foot free-spinning
tunnels.




The Civil Aeronautics Board in e recent report on a transport
accident (reference 1) recommended that a model of the DC-3 airplene
be tested in the NACA free-spinning tunnel. A 1/23.75-scale model
was so tested and the results are given in the present report.

The data obtained in the tests have been evaluated to give the
attitudes, the velocitles, and the load factors, during the established
spins, as well as the relative effectiveness of various control
menipulations for recovery. Information on load factors in spins was
requested by the Civil Aeronautics Authority for use in connection
with formulation of structural-design requirements.

A1l tests were for the clean condition; that is, flaps and landing
gear were not simulated. The effects of variation in the loading
condition were determined and two equivalent test altitudes were
covered. Brief tests of inverted spins were also made.

APPARATUS AND MODEL

The tests were performed in the NACA 20-foot free-spinning tunnel,
the operation of which is similar to that of the 15-foot free-spinning
tunnel as described in reference 2.

The model, which was L4 feet in span, was constructed by the NACA.
Lightness in structural weight was obtained by using balsa ribs
covered with doped paper in the construction of the fuselage and
wings. The nacelles, wing tips, and tail surfaces were of balsa.
Lead weights were installed in suiteble locations to bring the total
weight, the center of gravity, and the moments of inertia to the
desired scaled-down values. An electrically operated remote-control
mechanism was installed in the model to move the control surfsces
during the recovery tests. Photographs of the model are given as
figures 1 to 4. These photographs do not show the ailerons which
were instelled later.

The exact control deflections for the subject airplane were not
known when the tests were started and the following normal maximum
control deflections were arbitrarily used (a later check showed that
the values used for the rudder and elevator deflections were correct
and that those for the ailerons were in error by only a few deg):

Rud.der ® © * 8 ¢ e e ® * e ° @ © ¢ o o e e e e e ® 300 left’ 300 righ,t
‘Elevator . . . . . . . . 0o 0. o . . . 300 up, 20° down

BEHORAE o b o o s v e s s s e s w e s = el sl JREEORE up, 15° down
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TEST CONDITIONS

Values of the moments of inertia of the DC-3 airplane were not
available at the time the investigation was started and the necessary
values were therefore computed from weight and balance information
prepared by the Douglas Aircraft Company .

Similar mass-distribution data were subsequently received from
the Douglas Aircraft Company for the model DST, which is essentially
similar to the DC-3 airplane, except for passenger arrangements.

The values computed by the NACA for the DC-3 airplane were for
the maximum passenger condition: 21 passengers, pilot, co-pilot,
stewardess, and de-icing equipment- This loading candition will
hereinafter be referred to as the 'normal loading.

The data for the DST are for the 'sleeper' condition with pilot,
co-pilot, stewardess, and 14 passengers.

A comperison of the two sets of data, for landing gear retracted,
follows:

DC-3 DST
Weight, pounds ¢ e e s e s s s s e e e ee 25558 . o 4 . o .« 24,000
500 0o s e v e s o s s owos o oa e B OJEE SN SR G DEON
z/c O P R

Iy, slug-feet2 S e ve s e s e s e e e s o 1G5 GHRE S SENE CSHERES50
Ty, slug-feet® « « v ¢ o v ¢ v 0 o 0 v a0 . . 91,690 . . . . . . 92,970
Tz, 8lug-foet® « « o ¢ ¢ o o o o o o o+ » « 150,800 + + « . & <245 300

2 2

- g

e ¢ o s o e s o e s e e s e s =0.00347 - . . . . =0.00432
T .
2 2
By - &
5 ........-........'0.00823.....-0-00780
b
2 2
ky - ky
v e e s w s s e m e e s s e s s o RONNAEE (L B L0183
2

b ) feet e ® e+ e s e + e * * e * e e & e = 95 e s & e 95




where

) mean aerodynemic chord

x/E ratio of distence of center of gravity rearward of leading
edge of mean aerodynamic chord to mean aerodynamic chord

z [C ratio of distance between center of gravity end thrust line

to mean aerodynamic chord (positive when center of
gravity is below thrust line)

Ix, Iy, I, moments of inertia about body axes X, Y, and Z, respectively
ky, ky, k; radil of gyration about body axes X, Y, and Z, respectively
b wing spean

The agreement between the two sets of values was considered
reasonable and the computed values for the DC-3 were taken as appropriate
for the model tests.

Tt will be noted that the mass distribution as measured by the
relative values of Iy and Iy was not like that of the average

multiengine airplene. (See reference 3.) While for most multiengine
military airplenes Iy is greater than Iy, for the DC-3 the reverse

was true. This condition evidently resulted from the relatively greater
utilization of the fuselage for cerrying items of load.

For the main portion of the tests, which were performed at
10,000 feet equivelent test altitude (p = 0.001756 slug per cu ft), the
model loading condition simulated the scaled-down velues for the
DC-3 airplane maximum passenger condition within the following limits:

Wolght « o o s« & o o © o« o o s o5 o 8 s 5 ¢ « s« « s« «« tl percent

Center-of-gravity location « - « . « « « . . . « « 0O to 0.03¢ rearward
of normal

Moments Ig o o v o o oo et et e et e e e 3 percent low to
11 percent high

of B R T 10 percent low to

4 percent high

inertia 1 I T 6 percent low to

11 percent high

. Some preliminary tests were made at an equivalent test altitude
of 2500 feet (p = 0.002209 slug per cu ft). The model was ballasted
to represent a preliminary estimate of the mass distribution of the
full-scale a%rplane, referred to hereinafter as the "preliminary
normal load, which was as follows:




L - 793

Weight, pounds . . . - v aimn wl Biat e eiw il . 25,554
Xfe « « S 5 O S s s s 0.252
z/c............................ -0.115
Ty, Blug-Tents « « .« » « « o « o » i wialE o SEEUEEE I 85,260

IY Bl‘lg‘feetQ e © + e e @ e e e e e e v ® e 8 s e e @8 v s » 92 9 310
IZ; slug-feet2 R T~ R e R

The model loading was held to the values given within the following
limits:

Welght -~ « - + . e o u et iR, SN . « . 1 percent

Center-of-gravity location o ® e i MO TERUEE .Olc forward to 0.01¢
L rearward of normal

Moments Ix -+« +«««+ =+« -« 14 percent low to 4 percent low

of Iy «+ ¢+ ¢+ .. 5 percent low to 5 percent high

inertia I, .. ......... B8 percent low to 2 percent high

The model was originally ballasted to closer limits than shown
but, in the course of testing, there were some weight changes after
demage and repair.

Information on various operating load conditions for the DC-3
was obtained from weight and balance estimates prepared by the Douglas
Aircraft Company .

The principal load conditions, other than the maximum passenger
condition, with estimated corresponding mass characteristics (the
estimated center-of-gravity locations are approx. 0.03¢ rearward of
those given by the Douglas Aircraft Company) are as follows:

Moment of 1n§rtia
slug-ft
Condition W?%%?t x/é e
g e fz

Max. forward c.g. {20,886 [0.148 | 66,280 77,860 |136,100
Max. rearward c.g.|21,883 | .31k | 63,340 93,610 |150,000

600 gal. fuel 25,554 | .235 | 68,360 92,580 |149,900
Max. fuel 25,554 | .280 | 68,100) 94,400 |155,000
Max. cargo 25,451 | .216 | 68,480/105,000 {165,400

An investigation was made of the effects of changes in mess
distribution on the spin characteristics of the model. The center-
of -gravity location and the longitudinal and lateral messs distributions

were varied through wide limits but the altermate flight loed conditions

were not specifically tested.

All tests were for the clean condition: wheels retracted and
fleps up.




RESULTS AND PRECISION

The results which are presented in charts 1 to 5 and in table 1
were obtained as described in reference 2. The angle o 1is measured
between the thrust axis and the vertical and is approximately equal
to the angle of attack in the plane of symmetry. The angle ¢ is
the angle between the lateral, that is, span axis and the horizontal
and is positive when the right wing is down. The full-scale rate
of descent V is given in feet per second true alrspeed and the full-
scale angular velocity  is given in revolutions per second. The
load factor for the airplane as a whole as shown on the charts is
computed as 1/sin a on the assumption that the resultant aerodynamic
force in a spin is approximately normal to the airplene XY plane
end that the vertical component of this force must equal the weight
of the airplane. (The wing has 2° of incidence.) The sideslip can
be computed as ¢ minus the helix angle. The helix engle was
approximately -6° for left spins and 8° for right spins. Recovery
was generally attempted by reversal of the rudder from full with to
full against the spin although other control manipulations were also
tried.

The precision of the test results is believed to be within the
following limits:

V, PErcent -« « o« « « o o o ¢ o e 4 e o e e e e s e e e e e e e e o i
Q, DOTCONL = « ¢ o o o o o o o o o s e o s s e s e e e e e 2
G, GOEYVE8 & ' v s s . sial s b w e e s 8 5w e e s s @ ale e ]
L O T R A s |
TUrNS £Or T'OCOVETY « o « o o o o o o o « o o o o o o o o o o« o« 1[4

The preceding limits may be exceeded for certain cases in which
it is difficult to hendle the model in the tunnel because of the
wandering or oscillatory nature of the spin.

Comparison of model and airplane spin results (reference 2 and
unpublished data) indicated that, because of scale and tunnel effects,
lack of detail in the model, and differences in operators' techniques,
the spin-tunnel results are not always in camplete agreement with full-
scale spinning data. In general, for a given loading conditlion and
control setting, the model steady-spin results have shown a somewhat
smaller angle of attack, a somewhat higher rate of descent, and at a
given angle of attack from 5° to 10° more outward sideslip. The
comparison showed that 80 percent of the model-recovery tests predicted
satisfactorily the corresponding full-scale recoveries and that
10 percent overestimated and 10 percent underestimated the full-scale
recoveries.

€gL - 1
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DISCUSSION

In the presentation of the results, the general spin characteristics
and the effects of variations in loading and changes in control position
are discussed first and a detailed snalysis and explanation of certain
points is given later. The greater part of the results were obtained
with the model loaded for an equivalent test altitude of 10,000 feet.
Tests with this loading indicated that, because of some asymmetry in
the model resulting from damage during earlier tests with the preliminary
normal loading, left spins were somewhat flatter themn right spins. The
regular test progrem was conducted with spins made to the left, giving
glightly slower recoveries end somewhat smaller load fectors than would
have been obtained for the opposite direction.

Equivalent Test Altitude of 10,000 Feet

Normal loading.- The general spin and recovery characteristics
for the normal loading are shown in chert 1.

For the normal control configuration for spinning (rudder with
the spin, elevator up, and eilerons neutral) the model spun steeply
(e = 35°), with corresponding full-scale rate of descent of 172 feet
per second true airspeed and full-scale angular velocity of 0.29 rps
(epproximately 3.5 sec for 1 turn). The load factor for the airplane
during this spin was 1.73. Recovery by reversal of the rudder was
repid, occurring in 1 turn. After recovery from the spin, the model
descended in a steep glide with a small amount of rolling motion.

With the elevator set at neutral, the spin was flatter and the
rate of descent and the load factor were lower. The rate of rotation
Increased but there was no effect on the rapidity of recovery. After
the rotation ceased, the model dived straight down. Setting the
elevator down had only little effect on the spin characteristics. In
the last portion of the recovery with this elevator setting, the model
pitched over on its back and glided inverted.

It was noticed during the test program that recoveries were
generally similar to the three types just described. The motion during
the recovery was determined principally by the elevator deflection
guring the recovery. The three types are illustrated in figures 5,

, and T.

The aileron-with spins (left aileron up and right aileron down
in a left spin) were similar to the elevator-up aileron-neutral spin
and recoveries were rapid. The model was not tested with the elevator
up and ailerons against the spin because of the excessive oscillation
with this control configuration. A steady spin was obtained with this




elevetor-aileron configuration when the rudder deflection was incresased

to 350 with the spin. Recovery from this spin was rapid, thereby indicating
that recovery from the spin with the normal rudder setting would have

been rapid. With the elevator neutral and down, the aileron-against

spins were slightly fletter than the corresponding spins with eilerons
neutral, but recovery was still satisfactory-.

The model would not spin with the elevator set at neutral or down
end the rudder neutral. When launched with elevator up, the model
descended repidly end struck the net while still rotating.

Loading variations.- A beneficial effect when the elevator was
neutral or down was spparent when mass was added along the wings
(chert 2) . Although the model generally would not spin with these
elevator settings, recovery was retarded when the elevator was up and
load factors higher than those previously obtained were indicated when
the elevator was up and the ailerons were neutral.

The tests indicated that, with a large increase in load along the
wings, reversal of the rudder alone would be inadequate for satisfactory
recovery end that it would be essential to put the stick forward.

The effect of changing the mass distribution along the fuselage
is shown in chart 3. Removing mass from the fuselage gave results similer
to those previously obtained by adding mass along the wings. Adding
mess along the fuselage was detrimental for spins with the elevator
neutral or down and the ailerons neutral or against the spin. For
these cases the spins were flat and recoveries were too slow to be
satisfactory. i

With this excess loading along the fuselage, recovery tests were
made with other control manipulations. In general, merely neutralizing
the rudder was not satisfactory (chart 3) and releasing the rudder
(teble 1) was less effective than neutralizing the rudder. These
results indicated that the rudder must be completely reversed for
most satisfactory recovery and that a definite force must be applied
to accomplish the reversal.

The results of tests made with large changes in the center-of-
gravity location, covering a range greater than that indicated for
the full-scale airplane, are presented in chart 4. Movement of
the center of gravity 15 percent of the mean aerodynemic chord forward
of normal, that is, to 10 percent of the mean aerodynamic chord, was
~advantageous in that the model would spin only when the elevator was
up and the ailerons were neutral or with the spin. Recovery from the
aileron-with spin was rapid and it is believed that recovery from the
aileron-neutral spin would also have been rapid. There was no appreciable
effect of moving the center of gravity 6 percent of the meen aerodynamic
chord reearward of normal, that is, to 31 percent of the mean aerodynamic
chord.
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The preceding discussion shows that deflecting the ailerons in a
given direction may be beneficial or detrimental, depending on the exact
loading conditions, and that the effectiveness of the elevator will
vary with the loading. The calculated velues for the basic moments of
inertia may be in error by as much as ¥8 percent and, in any event, the
loading may change between flights or during a flight as a result of
consumption of fuel or redistribution of items of useful load. It
therefore seems desirable generally to hold the ailerons neutral
throughout the spin and to attempt recovery by first reversing the
rudder and then pushing the elevator toward neutral .

The principal flight load conditions differ from the normal condition
by some combination of changes in center-of-gravity location and in
loading along the wing or fuselage, such as those tested on the model.

The model tests cen be used in predicting the results for the alternate
flight loadings.

It appears that there will be little difference between spins with
the normal loading and spins with any of the following loadings:

(a) Maximum rearwerd center of gravity (airplane may descend more
slowly owing to lighter weight)

(b) Maxirmum fuel condition
(c) 600 gallons of fuel condition

With maximm forward center of gravity, the alrplane will probably spin
only when the elevator is up. These spins will be steep and will,
consequently, have high load factors. With the maximum cargo condition,
elevator-up or aileron-with configurations will still give satisfactory
recoveries but there will be a tendency for elevator-down and aileron-
agalnst control settings to glve slow recoveries.

Because of the diversity of attitudes at which the model spun,
there was considereble difference in the values of the spin parameters.
The maximum and minimum values of some of these parameters are listed
below:

a v Q
Load factor
(deg) | (£t/sec) | (rps)
Max. value 68 206 0.40 20k
Min. value 29 121 24 1.08

The high load factors and high rates of descent are obtained for the
steepest spins.
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Equivalent Test Altitude of 2500 Feet

Erect spins.- For the tests at the 2500-foot equivalent test altitude,
the model was ballasted using a preliminary estimate of the moments of
inertia. A comparison of these moments of inertia with the final computed
values shows that Iy and I, for the tests at 2500-foot equivalent

alitude were about 28 percent Iy too high with the result thet the

preliminary normel loading had relatively more mass distributed elong
the wings than the final loading.

For the initiel tests, the model was practically symmetrical and
left spins vere quite similar to right spins. It has been previously
indicated that, in the course of the preliminary testing, the model
later became slightly asymmetrical as a result of damage end repair and
that spins to the left became somewhat flatter and steadier than to
the right. The results for 2500-foot equivalent test altitude were all
for right spins and are presented on chart 5 (ailerans were not
installed for these tests).

There were two types of spin for the elevator-up configuration
when the model was in the preliminary normal loeding condition. Both
spins were steep and recoveries were rapid. The model would not spin
with elevator neutral or down. There was no effect on recovery of an
increase in the mass distribution along the wings but the elevator-up
spin was very steep and the load factor increased to 2.4. There was
no effect of moderate changes in the center of gravity but the model
would not svin when the center of gravity was 15 percent of the mean
aerodynemic chord forward of normal, that is, at 10 percent of the
mean aerodynamic chord.

Increasing the mass distribution along the fuselage or a combined
increase in the mass distribution along the fuselage and a rearward
movement of the center of gravity were somewhat detrimental. With
either of these loading conditions, the model would spin with the
elevator neutral or down. Although some of these spins were relatively
flat, recoveries were rapid.

Inverted spins.- The model was leunched in a spin with the rotation
counterclockwise when viewed from above because this direction was
more convenient with the existing control-mechanism installation.
Regerdless of the rudder or the elevator setting, with ailerons neutrel,
the model stopped rotating almost immediately after being launched
and dived down into the safety net, indicating that it would not spin
inverted if the allerons are neutral.

Effect of eltitude.- For the preliminary normal model loading
at 2500-foot equivalent test altitude, the distribution of mess along

the spen was considerebly greater than that at 10,000-foot equivalent
test altitude. As previously mentioned, an increese in the mass
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distribution along the wing at 10,000-foot equivalent altitude led to

a8 condition in which elevator-down deflections were favorable in that

the model would not spin. It is felt, therefore, that the apparent
change from a condition in which the model would not spin at 2500-foot
equivalent altitude with the elevator neutral or down to relatively

flat spins at 10,000-foot equivalent eltitude is caused by the

difference in the loading along the wings and that the change in
equivalent altitude did not substantielly affect the spin characteristics.

ANATYSTS

In the preceding discussion, the general characteristics of the
spins of the DC-3 model have been described. Certain features, such
as the airplene path end motion, the acting forces, and the load factors,
are believed to be of sufficient Interest to warrant detailed consideration.
Some of these points are of especial importance in structural design
considerations.

Motion in a Typical Steep Spin

Considerable interest has been expressed in the motion of the
DC-3 airplane during a spin and during recovery therefrom. The normal
spin, with elevator up and ailerons neutral, was fairly steep (a = 35°).
For this spin, which is typical of the steeper spins obtained, the
attitude and the rotational motion of the model are shown by motion
pictures in figure 8. Pictures of a recovery from & similar spin are
shown in figure 5. (Camera speed for the photographes of figs. 8
and 10 was 64 fremes per sec and for those of figs. 5 to 7 was
32 frames per sec. The horizontal line in the background of these
pictures is the tunnel horizontal reference line.)

In the interpretation of these photographs, it must be appreciated
thet during the steady spin the model remained at a fixed level because
it was spinning in a colum of alr that was rising at 35 feet per
second, corresponding to 172 feet per second full scale, and that
during the recovery the airspeed was increased above this value to
compensate partly for the increased rate of descent of the model.

As an aid in visualizing the actual motion, figure 9 has been
prepared showing the full-scale altitude loss per turn, radius, and
estimated recovery motion for the same spin. During the steady spin

' the full-scale altitude loss per turn was about 600 feet but, after

the rudder was reversed, the altitude loss was &bout 1000 feet for the
remaining turn. At this point the rotation had stopped but the rate
of descent had increased to 254 feet per second true airspeed. The
path during the recovery was estimated from the motion-picture record
which showed the increase in rate of descent and the radius of spin
during the recovery.
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As has been previously noted, the model flight path during recovery

ig dependent on the elevator setting. For the recovery shown in
figures 5 and 9, the elevator was held full up when the rudder was
reversed and the flight path after recovery had a noticeable horizontal
component. If the elevator had been neutralized when the rudder was
reversed, the model would have gone down in a vertical dive after the
rotation ceased (fig. 6). A combined reversal of the rudder and
elevator would have led to a condition in which the model would have
been in an inverted dive upon recovery from the spin (fig. 7). From
the foregoing discussion, it is apparent that for this airplane if the
elevator is kept, for example, about 10° above the neutral position
recovery will be smoother than if the elevator is down.

Motion in a Flat Spin

Under certain conditions of loading and control deflections, flat
spins may be encountered with the DC-3. The angles of attack for the
flat spins on the model were as high as 68°. '

Motion pictures of a typical flat spin are shown in figure 10.
For this spin the angle of attack was 63°. The rate of descent had
decreased to 121 feet per second true airspeed and the rate of rotation
had increased to 0.34 rps. The radius of spin was smell, 3.5 feet.

Recoveries from flat spins were generally slower than recoveries
from steep spins but the types of flight path after the rotation ceased
were still dependent on the elevator deflection and were similar to
those previously described.

Force and Moment Coefficlents for the Steady Spin

The aerodynamic force and moment coefficients were computed for
the spin of figure 8 upon the assumption that the resultant aerodynamic

force was perpendicular to the airplane XY plane (approx- the wing-chord

plane). The airplane in a spin is in a state of equilibrium and the
inertia couples are balanced by opposite aerodynamic couples. The
inertia couples were obtained from Fuler's equation as follows:

Inertia rolling moment L = (Iy - Iz)gr

Inertia pitching moment M = (Iy - Ix)rp

Inertia yawing moment N = (Ix - Iy)pq
where p, q, and r are the component angular velocities about the
body axes. In converting these moments to coefficlents, the character-

istic lengths employed were the wing chord for the pitching moment and
the wing span for the rolling and yawing moments.
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After completion of the tests in the 20-foot free-spinning tumnel,
the model was mounted on the balence in the free-flight tunnel and the
1ift, the drag, and the pitching-moment coefficients were measured with
controls neutral for several angles of attack above the stall. Sideslip
was not simulated during the balance tests because it was felt that
this factor would have but little effect. The coefficients obtained
from the balance data have been corrected to correspond to the control
deflections of the model in the spin and are compared to the values
computed for the spin of figure 8 as follows:

Coefficient
Rolling | Pitching | Yawing
Lot Drag moment moment moment
Computed | 5.964 | 1.008 | 0.00582 | -0.476 | 0.00258
for spin
Balance .840 671 | ------- -8517 | -------

The differences between the values of forces and moments for the
spinning model and the corresponding values for the model on the
balence can be assumed to be principally duve to the rotation in the
spin. It is evident that the rotation led to a somewhet higher value
of the 1ift coefficient, an appreciably higher value of the drag
coefficient, and a smaller nose-down pitching-moment coefficient.

These effects of the rotation have also been noted in previous instances.

Structural Ioads

load factorsin the steady spin.- The load factors (normal to the
thrust axis) in the steady spin have been given on the charts. These
load factors were computed as 1/sin a on the assumption that the
resultant serodynamic force in a spin is approximately normal to the
body XY plane. A plot of these load factors against angle of attack
is given in figure 11. R is the resultant aerodynamic force. Load
factors computed as 1/sin (a + 2) have also been plotted corresponding
to the more accurate assumption that the reswlteant force is normal
to the chord of the wing (wing incidence was 2°).

An experimental check on the accuracy of the assumption regarding
the inclination of the resultant force can be made by directly measuring
the radius of spin or by measuring the ratio of 1ift to drag for the
complete model.

Measured radii obtained from motion pictures were smsller than
computed values, especially for the steeper spins. Based on the
measured radii of spin the inclination of the resuwltent force was
computed to be from 0° to 8° rearward of the body normel or Z axis.
The correspondingly lower load factors are also presented in figure 11.
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In order to obtain additional information on the inclination of
resultant force above the stall, the balance measurements on the
stationary model were used. The measured lift/drag corresponded to
an inclination of resultant force varying from 0° to 3° rearward of
the normal exis. The load factors (fig. 11) for a spin with these
values for 1lift/drag would vary from 1/sin (a + 2) for the normal
spin attitude to 1/sin a for a very steep spin.

The agreement between the results from the different methods of
computing the load factor is regarded as fair for steep spins and good
for flat spins. The values for the loed factors considered equal
to 1/sin a are the most conservative (highest) and those based on
the measured radiil of spins are the lowest. These results indicate
that the load factor of the DC-3 airplane in a spin will probably
not exceed a value of 3.0.

In order to investigate further the aerodynamic loads likely to
be encountered during a sudden change in attitude, the normal-force
coefficients for the DC-3 model were computed from the free-flight
tunnel balance data. The normal-force coefficient, that is, force
coefficient along the body Z axis, decreased gradually from a value
of 1.20 at an angle of attack o of 35° to 1.05 at the stall and then
decreased rapidly as a decreased. It can therefore be inferred that
the airplane will not experience a peak load factor if it is suddenly
nosed down from a condition above the stall to an angle of attack
below the stall, unless the rate of descent increases very sharply.

Relation of velocity gained and altitude lost to load factor in
recovery from a dive.- When the spin rotation ceases, the airplane is
generally in a steep dive and is gaining speed. The pilot has the
alternative of pulling the airplane sharply out of the dive, a procedure that
will give rise to high load factors, or pulling the airplane out
gradually with moderate load factors but with greater loss in altitude
and greater gain in velocity. Reference 4 gives charts for determining,
for a given type of pull-out (that is, imposed load factor variation),
the altitude lost and the velocity gained in the return to level flight
in terms of the velocity and the flight path at the start of the pull-out.
By use of these cherts the altitude lost and the velocity gained in the
dive have been determined for a recovery similar to that shown
in figure 9. The dive was assumed to start with a velocity of 173 miles
per hour true airspeed (149 mph indicated airspeed) at an altitude
of 8500 feet and it was arbitrarily considered that the initial path
was vertical. The drag parameter K was assumed to have a value
of 0.030 end the load factor was taeken to increase linearly from O
. to 2 in 2 seconds and then to remain constant until level flight was
ettained. The velocity increment obtained was 110 miles per hour
indicated airspeed, giving a final velocity of 285 miles per hour
true airspeed (259 mph indicated airspeed), and the eltitude loss was
approximately 2000 feet. These values are subject to a small correction
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becsuse the mean sltitude during the recovery from the dive was somewhat
higher than the value used in reference L.

Computations of a similar nature have been made by the Douglas
Alrcraeft Company, in which the assumed conditions were the same except
that the initial velocity was teken as 151 miles per hour true ailrspeed
(130 mph indicated airspeed) and the initial altitude was 10,000 feet.
The computed final velocity was 299 miles per hour true airspeed
(266 mph indicated airspeed) with an altitude loss of 2340 feet in a
time interval of 13 seconds. The computed results from the two sources
are thus In good agreement.

As the placard dive speed of the DC-3 airplane is 262 miles per
hour, it is obvious that skillful piloting is essential to avoid on
the one hand exceeding a safe load factor and on the other hand exceeding
the allowable maximum airspeed.

The preceding example was for an initial velocity of 173 miles
per hour true airspeed, based on the test results for the normal loading.
It should be appreciated that, for other loadings, the initial velocities
and the maximum veloclties during the pull-outs might be noticeably
higher.

The charts in reference 4 show that the initial flight path has a
considerable effect on both the velocity gained and the altitude lost.
It appears that the flatter initial flight paths give smaller increments
of velocity and smaller altitude losses than the steeper flight paths.
The motion of the DC-3 model after the rotation ceased depended on the
elevator deflection during the recovery from the spin, with elevator-
up deflections giving flight paths with a noticeable horizontal
component whereas elevator neutral or lower gave vertical flight paths.
Thus, it is evident that reductions in the velocity gained and the
altitude lost in the return to level flight following the recovery
from the spin may be secured by holding the elevator above the neutral
position during the recovery from the spin.

Altitude loss in recovery from spins.- Figure 9 indicates that there
is an altitude loss of approximately 1000 feet fram the time the controls
are moved until the spin rotation ceases. It has previously been shown
thet an additional 2000 to 2500 feet are then required to return to
level flight without imposing excessive structural loads on the airplane.
Approximately 3000 feet are, therefore, necessary to regain normal
flight attitudes from a spin.

Asymmetrical loads.- Attention is called to the fact that the load
factors previously given have been the load factors for the airplane
as a whole. The asymmetricel ailr flow over the airplane in a spin may
give excessively high local loads. Some information on the pressurs
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distribution and the local loads on the wings and tail in a spin may be
obtained from the results of flight tests of an older fighter-type
aircraft (reference 5). This pressure-distribution investigation
showed asymmetrical loading on the wings and tail plane with high local
loads at some points. The danger of structural failure from high local
loads must therefore not be overlooked.

As an aid in visualizing the local air flow over the different
parts of the airplane, computed approximate velocity components (body
axes) of the relative wind at the center of gravity, the wing tips, and
the tail of the DC-3 model for the spin of figure 8 are shown in
figure 12. It is apparent fram this figure that, although the right
(outer) wing tip is not stalled, the angle of attack increases linearly
to a large value (35°) at the plane of symmetry and to an extremely.
large value at the inner wing tip. The horizontal tail plane is also
stalled and there is considerable outward sideslip at the tail.

In estimating loads on the vertical t?il it sho%ld be remembered
that the vertical surfaces will be partly ‘b1lanketed by the outboard
hal% of the horizontalntail plane; that is, the tall plane will cast
en aerodynamic shadow on the verticel tall. Smoke-flow pictures
showing this blanketing for a smaller airplane in a spin are presented
in reference 6.

Tail loed.- An attempt was made to approximate the load on the tail
for the spin of figure 8 by deducting the estimated pitching moments
due to the wing and fuselage from the previously evaluated pitching
moment for the complete model and expressing the remeining moment in
terms of the tail load.

Informstion on the pitching moment of the DC-3 wing and fuselage
wvas not availeble but estimates, based on data for other models, led
to values for the load acting upward on the tail of the order of
3000 or 4000 pounds (15 and 20 1b/sq ft) when the elevator was up.

The flight investigation described in reference 5 shows that in a spin
the peak local pressure on the tail plane may be considerably in excess
of the average value. Wind-tunnel test data giving tail 1ift coeffi-
cients on a pursuit-airplsne tail unit, similar in section and plan
form of stebilizer and elevator to that of the DC-3, at high angles

of attack (reference 7) were used in getting a check value of the
probable order of magnitude of the load on the DC-3 airplane tail

plane in a spin. The value thus obtained was about 2000 pounds for
elevator full up.

Similar estimates of the tail loads in the same spin but with
elevator at neutral gave tail-plemne loads about twice the values
obtained for elevator full wup.
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Control Forces

The results of the recovery tests herein presented indicate the
effectiveness of the controls without regard to the forces applied.
As model results were obtained by applying sufficient hinge moment to
move the controls fully and rapidly, it would be necessary for full-
scale tests to be made in the same manner in order for results to be
comparable with the tummel results.

The problem now arises as to whether the pilot can exert sufficient
force on the wheel and on the rudder pedal to move the controls in such
a manner. Computations were made of the stick force required to start
moving the elevator down for the spin of figure 8. For these computations,
hinge-moment coefficient values were taken from reference 7 and it weas
assumed that the elevator was completely mass balanced. This force
vas about 160 pounds which, although high, is within the physical capability
of a pilot who is using two hands on the wheel (reference 8).

Reference 7 indicates that the elevator-control force can be
materially reduced by setting the trailing edge of the trimming tab
full up when the elevator is up.

The force required to move the elevator downward would be appreciably
greater when the elevator is neutral and it is doubtful whether a single
Pilot could move the elevator to the neutral position even with the
assistance of the trimming tab when the DC-3 airplane is in a spin.

Model tests indicated that when the rudder was released it would
float toward neutral but it was impossible to determine the final
position. The rudder forces and the aileron forces were not computed
but it is felt that, umder certain conditions, they too might be high.
The pilot will probably experience difficulty in moving some of the
controls when the airplane is in a spin and the possibility exists that
the forces may be so great that the necessery recovery manipulation
of the controls cannot be performed.

Indicated Airspeed

The accuracy of the indicated pitot airspeed reading for determination
of rate of descent of an airplane in a spin is gquestionable because
of several sources of error.

‘ During a spin the fixed pitot tube is not alined with the local

alr flow because the airplane is rotating and at a large angle of attack.
Both the magnitude and the direction of the local air velocity vary
along the span. The veriation of air flow along the span was indicated
in figure 12. If the pitot tube were located well out along the span,
perticularly on the inboard wing in the spin, there would be a large
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discrepancy between the indicated airspeed and the true rate of descent.
For the usual pitot-tube location under the nose on the DC-3 airplane,
the error due directly to the engle of attack and to the rotation of

the airplene is probably small in a steep spin. There is, however,

a possibility that at this amgle of attack there may be an appreciable
error owing to the effects of fuselage interference on the local air
flow.

CONCIUDING REMARKS

Fpr reasons discussed in the text, it is not considered safe to
put the DC-3 airplene into an established spin. The model results
indicate the following spin characteristics for the DC-3 airplane
with fleps and landing gear retracted:

1. With the meximum passenger loading condition and the normal
control configuration for spinning, the spin will be steep, alrplene
nose down 55° from the horizontal, and the rate of descent will be
about 175 feet per second true airspeed. The load factor for the
airplane during the established spin will be approximately 1.7. It
is recommended that for recovery the rudder be rapidly reversed to
full against the spin after which the elevator should be moved down
until 1t is about 10° above the neutral position. The silerons should
be kept neitral. This control menipulation should meke the airplane
stop spinning after about 1 additional turn. At this point the
airplane will be diving at about 170 miles per hour true airspeed.

In the subsequent pull-out a load factor of about 2 should be
maintained in an attempt to avoid excessive gain in speed while keeping
within the normal load-factor range.

]

2. A flat spin with nose about L0° below horizontel and a rate
of descent of 95 miles per hour can also be obtained. This condition
cen be expected if the elevator is down and the ailerons are against
while the rudder is still with the spin.

3. If the recovery is effected while the elsvator is above the
neutral position, the flight path in the dive will have an appreciable
horizontal component. If.the elevator is neutral or down, the recovery
dive will be vertical and there will be greater probability of exceeding
the safe load factor during the pull-outs.

‘ L. For the maximum forward center-of-gravity condition, the
airplane will show less tendency to remain in a spin. For the maximum
cergo condition, recovery will be adversely affected when the elevator
is down and ailerons are against the spin. Results for the remaining
operating loadings will be similar to those for the maximum passenger
loading.

£gL - 1
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For all loadings, it is recommended that recovery from the spin
be made by fully reversing the rudder, after which the elevator should
be moved to about 10° above neutral and the ailerons should be moved
to neutral. Merely neutralizing the rudder will not necessarily give
recovery. :

5. Approximately 3000 feet will be lost during the recovery from
the spin end the pull-out from the ensuing dive.

6. The forces necesgssary to move the controls in a spin may be so
high as to require the combined efforts of the pilot and co-pilot. In
this connection, it should be noted that the elevator trimming tab can
be used effectively to help move the elevator down.

T. Air loads on the horizontal tail plane will be of the order
of 3000 to 6000 pounds during the spin.

8. Recovery from inverted spins can probably be effected by
neutralizing the ailerons and the rudder.

Langley Memorial Aeronautical Leboratory,
National Advisory Committee for Aeronautics,
Lengley Field, Va.
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TABLE I

RECOVERIES FROM LEFT SPINS FOR DOUGLAS DC-3 MODEL

[Altitude, 10,000 ft; all tests made with mass added along

fuselage, ATy and AT, = 0.25 Iy

2l

Control setting

(deg) Twrns for
recovery
Ailerons Rudder
Elevator
Right Left Tnitial Final
0 0 a3ow (b) 0 7%
15D 25U 30W (v) 30U More than 5%
15D 25y 30W () 20D 3%-
25u 15D 30W (b) 30U More then 4
25u 15D 30W (v) 20D 8

&W indicates with the spin.
bRecovery attempted by releasing the rudder.
°D indicates down; U, up-.




Chart 1. - Effect of Controls on Spin and Recovery Characteristiocs of
DC-3 Model

fﬂonml losding; landing gear retracted; flaps neutral; recovery by repid full rudder reversal (steady-.
spin data obtained for rudder setting indicated); left erect spins; equivalent test altitude, 10,000 t

Rudder with the spin Rudder neutral Rudder aéinlt the spin
[
‘ 38 | 4D
[+] §
| / 17g.m / /
| 35 | TU
M) 3
‘ / 172L.29 1. 62 |_HloO |
3! / /
| e .z e
833
3|2
5|8
e ey ,;\\5‘0:‘3‘ -
\ /172 .36 R\ xjo
47 | 8U P ke
‘ 1* s 5\;\“
| 148, 24 L7 e Blo i | |
| el g : W ]
I 138[.34 & @(\‘x‘ T=
| 2 1.36 JE ’ 4
18 EE
Ak
‘ 1,22 3= ‘%‘ i
‘ 36|51 .:,.2@
/1“3 40 r _~ 0 /
51| 8U
1
hatl, %6 N|o
57 | 8U / 1% 11 1,69 /
148
138,36 1.29 0
1
; L 1.29

Too osciilatory to test.

b Model values a
For rudder deflection inoreased to #35 deg, recovery required one-half turn. y | tAaag)
®Went into steep spirel with high rete of descent., convert_eddto J,i:;w AS.
ANO indicates model would not spin. gﬁﬁfggggelﬁiues oL
U Ainner wing up Turns for
D inner wing down recovery
Load factor
L]
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[loading as indicated; landing gear retracted; flap
attempted from, and_stead
altitude, 10,000 ft]

Chart 2, -

y-8pin data presented for

Effect of Mags Digtribution on
of DC-3 Mod

s neutral; recovery by rapid full rudder reversal (recovery
» rudder-with spins); left erect spins;equivalent test

S8LTT

fpin and Recovery Characteristics
el.

0

Normal loading Mags extended along wings (aly and
4Iz = 0,20 Iy)
38 | 4D 40| 3D
g 172,28 172).28
1 30| TU
2 1 a Y058 o |
172029 e 199,29 1.57
/ : 5 / 3/4
1.3 2{01
Yl
36| 3u T3 o8 | 36| 4y
:."...2 3", F\\c‘ W
vilie 172].36 ) *‘\& 172038
X 13 \et00% (3 1
L \ s N[O
5581 3 -3 i.n ;,% 1.68
ALC S
3 734 3 lae N|O @.\0 5 <
(3 e 2l 238
1,22 >V
5 =313
woyg
158, 40 Nlo
1 |8U 3
i / i 1,69 i
: 3.3 :
138 [,36 N[O
1* 1.29
1.20

a

b'l'oo oscillatory to test,

NO indicates model would not spin,

Mass extended along wings (aly
and AIZ = 0,40 Ix)
39 |3D
29 | 6u / e
8 than
06}, 29
More 1 1.60
than 27
2.p4
/ rlo
N0
N|(O
N|O
N
¥l o fioee o ]

Model values
converted to
corresponding
full-scale values.
U inner wing up

D inner wing down

’7&
(dng\ (deg)
F Y

(fpa) | (rpg)

Turms for
Irecovery

Load factor
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Chart 3, -

of DC-3 Model

[_Loading ag indicated; landing gear retracted; flaps neutral; recovery attempted from, and steady-spin data
presented for, x'udden-with sping; left erect spinj equivalent test altitude, 10,000 ft._]

Effect of Mass Digtribution on Spin and Recovery Charecteristics

Mass retracted along rusclage

/

Normal loading

(AIy andAI; = -0.18 Iy)
36| 1D
b 172,31
47 |5U More
93 L)
3/4 B
1./36
/J
N0
—1_N|o
N[0

/

ek

b1‘¢m osclllatory to test.
cOscillates in pitch; average value given.

dNO indicates model would-not spin,

Mass extended along rucglage

i ATy andAI, = 0.2 .
: 36| 5D
35| T S 4 =i
172|.2% 188 oo l.2k 1.69 |
. 35 { 6U / More —_——
i 190 24 Ak
171
5 * Zg 1/2 3/4 |
€52 1.76
$3|3 0N |36 13U 38| 2y
Fhalt o 721, 34 172] . 33
\ 1 2 Py
47| syl 63 su/
o o P
d av P;\\e;&(\s\ 48 (.34 e . 21,34 =
oH &U | o . | kele |
13834 ‘%«“‘"“0 LRL: .35 Mo |57 |
=l [ 136 112
1% 5 ; < h%
== 338 ; 1.08 .
y=|E 36 |50 40| 41
w2
5 / 58 .40 1611 , 34
51| 8U 51
1 1% 1'2
144), - . ho1l. 34 p
a1 2% 1.5
1* 1;: 100fe 3 / 2% 52 I
l‘?“:ﬁ— 1,29 % % | 114
1
1.20 1

Turne for recovery by rapid movement of the rudder and elevator to neutrsl,
Reoovery attempted by rapid movement of the rudder to full against the spin,
'I‘ume for recovery by rapld movement of the rudder to neutral.

Model values
converted to
corresponding

full-scale values.

U 1inner wing up

D inner wing down

!
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a
(deg) [(deg)
v ol

(fps) | (rpa)

ld

P Turms for
recovery

Load factor
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Chart &4, - Effect of Center-of-Gravity Loecation on Spin and Recovery Charecteristice
of D0-3 Model
‘B}ontexsof-snuty_ location as noted; landing gear retracted; flaps neutrel; recovery by rapid full rudder re-
veriuil (r:oot;e:y.;:{,ﬁmlgrs& e steady-spin data presented for, rudder-with spins); left erect spins:
equivalen 8 {7 2 3
Center of gravity at 0.108, Center of gravity at ‘0.25; Center of gravity at O.3lc
> 35 | 2u | 38 4D 38 [5D
b
178].36 172,28 /178,-27
/ 14 35| U 31| 8y
C nh
| 172[. 29 206 |. 26
/ 1.73 62 32 61 1,64
5 Q = 193,27 2 ] 2
2 1492
11K i
72
5als
$2|8 : 1.88
; 23S e‘oﬂﬁ 36| 30 35|30
wd Y N\ 0 .
PEE 174,36 172/, 37
a7 8y | et 46 Lou '
o0 \S\;\‘* li 1
Njo ANES k| 148,34 1.7 154 . 33
55 |8U :“\\oq‘\q‘\“ 1 .1* : 44 |87 1 1.73
N|o 138 ek 1.p6 154
3 3 G
1 - £
Q
1,22 53 E 1,44
:_qj 3|3 36 | 5U
L
NO 158, 40
/ P i /
1
Njo 144,36
/ 8u " 1% 1.69 Ay 11[1/
?
X|o %8|, 36] 1% 151
13
1,20 1,44
tH0 indicates model would not spin. Model values i i
oBteep spin or spiral with high rete of descent. converted to (deg) {(deg)
Too oscilatory to test. corresponding \4 A
full-scale values, (fpa) | (rpg)
U Ainner wing up Turmsg for
D inner wing down ‘I_recovery
Load factor
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Chart 5. - - Effect of Controls, Center-of-Gravity Loocation , and
Mass Distribution on Spin and Recovery Charecteristics
of DC-3 Model

D..oadins, "preliminary normal® except as indicated; landing gear retrected; flaps neutral; recovery by rapid
full rudder reversal (recovery attempted from, and steedy-spin data presented_for, rudder-with-spins); right
erect spins; ailerons neutrel for all tests; equivalent test altitude, 2500 ft

Mass added Mags added

along wings along fuse- ¥ags added along

Rudder Rudder Center of Center of Center of (AIy andal, i;ge Y ﬁ“&"g%é%! and
with against vity vity gravity = Aly 2 . y) and
the Rudder tl?: ga - E? = at_ 0.23 Iy) = 0.40 Iy) center of gravity
_spl gpl 10c . 0, 30¢c - at O.
b [26 ]l L
= 361 % 30| 5 | 5| % 2h| 69 36| 0 38| 0
02|,
E 35 f;;ea]' NO Mo | 206 171].25 9 172|.23 158].20
S |1 2|( of 1 - i
B | et - :
2 jm'ro/ i 1.99 1,73 2,42 1.68 1.62
S
=
Py e
391 39| & 55| &
a
“I [ wlo | No 1 xlo Nl o o Nfo P o7!.29
g 1;1 ¥
8 1.60 1l.22
=
=3
3
3 3
a
3
—loge) -}:{5’—“ 3 50 |61 | slm
e | - Ao 0 xlo x [0 32| nl.3
3 1
}|—=eacovery | & 2 ; .1%
i
[ Load factar | ¥ 1,54 1,29
Model values
converted to
corresponding
full-gcale values. a
U inner wing up NC indloates model would hot spin,

D 1inner wing down bPmoo ocscillatory to test.
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3 -scale model of the Douglas DC-~3 airplane.

Figure 1.- Front view of the
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Figure 2.- Three -quarter front view of the

1
53.75 scale model of the Douglas
DC-3 airplane.




Figure 3.-

Side view of the

1
23.75

- scale model of the Douglas DC-3 airplane.
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Figure 4.- Three-quarter rear view of the

1
5375 scale model of the

Douglas DC-3 airplane.
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Figure 5.- Recovery from an elevator-up spin. Control settings:
rudder as noted, elevator full up, ailerons neutral. Recovered

in £ turn (frames 6 to 26).
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Figure 6.- Recovery from an elevator-neutral spin. Control
settings: rudder as noted, elevator neutral, ailerons neutral.
Recovered in 1 turn (frames 11 to 39).
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rudder as noted, elevator full down, ailerons neutral. Recovered
in 14T turns (frames 6 to 37).

Figure 7.- Recovery from an elevator-down spin. Control settings:



L-783

Figure 8.- Typical steep spin. Control settings: rudder full with
the spind elevator full up, ailerons neutral. Full-scale values:
a=35° (B =7° V=172 ft/sec (117 mph), radius of spin = 13.6 ft,
Q = 0.29 rev/sec.
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ALTITUDE /0,000 flz

RUDDER REVERSAL (FULL WITH
TO FULL AGAINST THE SPIN)
ALTITUDE 9408 FT5

\

|
i
|
|
|
I

LEFT SPIN

3.4 SEC. — 59/ FT.— 172 FT./SEC. (117 MPH)TRUE AIR SPEED

LAST TURN OF STEADY SPIN l
RUDDER FULL WITH, ELEVATOR FULL UP, AILERONS NEUTRAL

FIG.9— STEADY SPIN AND RECOVERY OF DC-3

NATIONAL ADVISORY
COMMIT TEE FOR AERONAUTICS.
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Figure 10.- Typical flat spin. Control settings: rudder full with

the spin, elevator neutral, ailerons neutral. Full-scale values:

a =63° @ =5° V=121 1t/sec (82 mph), g = 0.34 rev/sec,
radius of spin = 3.5 ft.
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Figure 12. - Components of relative wind at center of
gravity, wing tips, and tail assembly of the DC-3 model
during steady left spin shown in figures 8 and 9.




