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NATIONAL ADVISORY COMMITl'EE FOR AERONAUTICS 

MEMORANDUM REFORI' 

for the 

Army Air Forces 

Bureau of Aeronauti cs , Navy Department 

and 

Civil Aeronautics Authority 

FREE-SPINNING-TUNNEL TESTS OF A 1/23. 75-SCALE MODEL 

OF THE DOUGLAS DC-3 AmPLANE 

By Oscar Seidman and George F. MacDougall, Jr. 

A model of t he Douglas DC- 3 airplane was tested in the 20-foot 
free- spinni ng turmel f or several loading conditions. The load factor 
f or t he airplane as a whole, the l oad on the horizontal tail, and the 
f orce required to start moving the elevator downward were estimated 
for s ome of the steady spins. The al ti tude loss in the recovery from 
a spin and i n the pull-out from t he ensufng dive was also determined. 
ft~though recoveries were fairly rapi d , it was concluded that, because 
of possible structural overload and high control forces, it would not 
be safe to put the DC-3 airplane int o an established spin. 

INTRODUCTIOn 

Considerable inter est has developed in recent years in the spin 
characteristi cs of transport-type a irplanes, of which the Douglas DC-3 
is a representative example. Serious accidents have occurred, 
which invest i gators concluded might have resulted from entry into 
spins. Air-li ne pi lots have r eported inadvertent spins on regular 
air-line equi pment on quite a few occasions. 

It is unders tood that some air lines check pilot personnel in 
'one - t urn spins on standard ai r-line transports. Rapid recoveries ,.:ere 
ob t ained ,men rudder and elevator .mre reversed. There is, however, 
little edditional i nformation concerning the spin characteristics of 
transpor t-type air cr aft, although models of some twin-engine military 
airplanes have been tested i n the NACA 15-foot and 20-foot free-spinning 
t unnels. 
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The Civil Aeronautics Board in a 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 velocities, and the load factors, during the established 
spins, as well as the relative effectiveness of various control 
manipulations 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. 

All 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. 

APP ARATUS 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 4 feet in span, was constructed by the NACA. 
Lightness i n struct ural weight was obtained by using balsa ribs 
covered ~~th doped paper in the construction of the fuselage and 
wings. The nacelles , wing tips, and tail surfaces were of balsa. 
Lead ,.-eights ... Tere installed in sui table locations to bring the total 
weight, the center of gravity , and t he moments of inertia t o the 
desired scaled-do~n values. An electrically operated remote-c0ntrol 
mechanism was installed in the model to move the control surfaces 
during the recovery tests. Photographs of the model are gi ven as 
figures 1 to 4. These photographs do not show the ailer ns ~ni ch 
were inst~lled later. 

The exact control deflections for the sub j ect airplane were not 
known when the tests were started and the following normal maxi:1mID 
control deflections were arbitrari ly 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): 

Rudder .• 
-Elevator 
Aileron 

• 300 left, 300 right 
· 300 up, 200 down 
• 250 up, 150 down 

.. 



TEST CONDITIONS 

Values o'f the moments of inertia of the DC- 3 airplane were not 
available at the time the investigation was s tarted and the necessary 
va].ues 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 condition will 

" " hereinafter be referred to as the normal loading. 

" " The data f or the DST are for the sleeper condition with pilot, 
co-pilot, stewardess, and 14 passengers. 
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A compari son of the two seta of dat a , for landing gear retracted, 
fo llov.TS : 

Weight , pounds • • . 
x/c ..... . 
z /e . . . . . . . 
I X, slug-feet2 

DC-3 

25,554 
0.247 • 

-0.116 . 
66,670 •• 
91,690 

DST 

• 24,000 
0 .204 

-0.112 
· 63,930 
• g2,970 I y , slug-feet2 • 

I Z, slug-feet2 •• 150 , 400 • • .145,300 

~-1{ 

2 2 
kZ - kX 

b 2 

b, feet 

. . . . . . . . . . . . . . . . . 

-0.00432 

-0.0082 3 ..•.• -0.00780 

0.01167 • 0.01211 

95 • 95 
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'Where 

c 

xl"! 

z/c 

mean aerodynamic chord 

ratio of distance of center of gravity rearvard of leading 
edge of mean aerodJ'namic chord to mean aerodJ'namic chord 

ratio of distance between center of gravity and thrust line 
to mean aerodynamic chord (posi tive when center of 
gravi ty is belo'W thrust line) 

IX, I y , I Z moments of inertia about body axes X, Y, and Z, respectively 

kX' ky, kZ radii of gyration about body axes X, Y, and Z, respectively 

b 'Wing span 

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

It will be noted that the mass distribution as measured by the 
relative values of IX and Iy 'Was not like that of the average 

multi engine airplane. (See r eference 3.) While for most multi engine 
military airplanes IX is greater than Iy , for the DC-3 the reverse 

was true. This condition evidently resulted from the relat ively greater 
utilization of the fuselage for carrying items of load. 

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

Weight . . . . . . . . .•. 
Center-of-gravity location. 

Moments 

of 

inertia 

IX 

Iy • 

I Z 

. . . 

• . "!l percent 
o to 0.03c rearward 

of normal 
3 percent low to 
11 percent high 

• . • 10 percent low to 
4 percent high 

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 ap-plane, referred to here inafter as the IIpreliminary 

" normal load, which was as foLlo'Ws: 



• 

5 

Weight, pounds • . . . . . ... . . . . . . 25,554 
x/c ..... . . . . . . . . . . ... . 0.252 

-0. 115 
85,260 
92,310 

z/c .... . 
IX, slug-feet2 •• 
Iy, slug~eet2 

. . . . . . . . . . . 
IZ, slug-feet2 169,400 

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

Wei~t . • • • • • • . • • 
Center-of-gravity locetion 

Moments { IX 
of Iy 

inertia I Z . . .. 

• • • • . • . !1 percent 
O.Ole forward to 0.010 

rearward of normal 
14 percent -low to 4 percent low 
5 percent low to 5 percent high 
8 percent low to 2 percent high 

The model was originally ballasted to closer l:11ni ts than show. 
but, in the course of testing, there were some 'Weight changes after 
damage and repair. 

Information on various operating load conditions for the DC-3 
.. 'as obtained from weight and balance eeti.rnates prepared by the Douglas 
Aircraft Company. 

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

Moment of inertia 

Condi tion Weight x/c 
(slug-ft2 ) 

(1b) IX Iy I Z 

Max. forward c .g. 20,886 0.148 66,280 TI,860 136,100 
Max. rearward c.g. 21,883 · 314 63,34D 93,610 150,000 
600 gal. fuel 25,554 .235 6!3 ,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 i nves t igation .. ~s made of t he effects of changes in mass 
di stribution on the spin characteristics of the model. The center­
of-gravi ty l ocation and the longi tudinal and lateral mass distributions 

. .. 'ere varied t hrough vide l imits but the alternate flight load condi tiona 
were not spec i fically t ested. 

All t est s .. ~re f 0r t~e clean condition: wheels retracted and 
fleps up. 

- I 
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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 n is 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 i s, span axis and the horizontal 
and is positive when the right wing i s d.own. The full-scale rate 
of descent V is given in feet per second true airspeed and the full­
scale angular velocity n is given in revoluti ons per second. The 
load factor for the airplane as a whole as shown on the charts is 
computed as l/sin n on the assumpti on that the resultant aerodynamic 
force in a spin is approximately normal to the airplane XI' plane 
and that the vertical component of this force must equal the weight 
of the airplane. (The wing has 20 of incidence.) The sideslip can 
be computed as ¢ minus the helix angle. The helix angle was 
approximately -60 for left spins and 80 for r ight 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: 

:2 
:2 
:-1 
:-1 

V, percent . 
n, percent . 
n, degrees . 
¢, degrees . 
Turns for rec overy :1/4 

The preceding limits may be exceeded for certain cases in which 
it i s difficult to handle the model i n 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 complete agreement with full­
scale spinning data. In general, for a given loading condition 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 50 to 100 more outward sid.eslip. The 
comparison showed that 80 percent of the model-recovery tests predicted 
satisfactorily ~~e corresponding full-scale r ecoveries and that 
10 percent overestimated and 10 percent underes timated the full-scale 
recoveries. 
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DISCUSSION 

In the presentation of the results, the general spin characteristics 
and the effects of variations in loadi ng and changes in control position 
are discussed first and a detailed analysis and explanation of certain 
points is given later. The greater part of the results were obtained 
vith the model loaded for an equivalent test altitude of 10,000 feet. 
Tests with this loading indicated t hat , because of Bome asymmetry in 
the model resulting from damage duri ng earlier tests with the preliminary 
normal loading, left spins were some.,rhat flatter than right spins. The 
regular test program was conducted with spins made to the left , giving 
slightly slower recoveries and somewhat smaller load factors than would 
have been obtained f or the opposite direction. 

Equivalent Test Al t itude of 10,000 Feet 

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

For the normal control configuration for spinning (rudder with 
the spin, elevator up, and ai lerons neutral) the model spun steeply 
(n = 350 ), with correspondi ng full-scale rate of descent of 172 feet 
per second true airspeed and full-scale angular velocity of 0.29 rpB 
(approximately 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 
rapid, 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 se t a t 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 descr i bed. The mo t ion during 
the recovery was determined principally by the elevator deflecti on 
during the recovery . The three types are illustrated in figures 5, 
6, and 7. 

The aileron- .. 'i th spi ns (left a H eron up and right a i leron dO"!Il 
in a left spin) were si~ilar to the elevator-up aileron-neutral spi n 
and recoveries were rap i d. The model v;as not tested ,d th the elevator 
up and ailer ons against the spin because of the excessive osc i llation 
vith this control conf i guration. A steady spin was obtained vi th this 
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elevator-aileron configuration when the rudder deflection was increased 
to 350 .... 1. th the s~in. Recovery from this s~in was rapid, thereby indicating 
that recovery from the spin with the normal rudder setting would have 
been ra~id. With the elevator neutral 'and down, the aileron-against 
s~ins were slightly flatter than the corresponding spins with ailerons 
neutral, but recovery was still satisfactory. 

The model would not spin with the elevator set at neutral or down 
and the rudder neutral. When launched with elevator up, the model 
descended ra~idly and struck the net While still rotating. 

Loading variations.- A beneficial effect when the elevator was 
neutral or do'ltIl was apparent when mass was added along the wings 
(chart 2) • Although the model generally would not s:pin with these 
elevator settings, recovery was retarded when the elevator was up and 
load factors higher than those previously obtained vere indicated when 
the elevator was up and the ailerons were neutral. 

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

The effect of changing the mas~ distribution along the fuselage 
ia shown in chart 3. Removing mass from the fuselage gave results similar 
to those previously obtained by adding mass along the winge. Adding 
mass along the fuselage was detr1:mental 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. 

With this excess loading along the fuselage, recovery tests were 
made with other control manipulations. In general, merely neutralizing 
the rudder was not setisfactory (chart 3) and releasing the rudder 
(table 1) was less effective than neutralizing the rudder. These 
results indicated that the rudder must be com~letely reversed f or 
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 ai rplane, are ~resented in chart 4. Movement of 
the center of gravity 15 percent of the mean aerodynamic chord forward 
of normal, that is, to 10 percent of the mean aerodynamic chord, was 

, advantageous in t hat the model would spin only When the elevator was 
up and the ailerons were neutral or ",,1 th 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 rap i d. There was no appreciable 
effect of moving the center of gravity 6 perc ent of the mean aerodynamic 
chord rearward of normal, that i s, to 31 percent of the mean aerodynamic 
chord. 
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The preceding discussion shows that deflecting the ailerons in a 
g i ven 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 values 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 durine 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 condi tions differ from the normal condition 
by some combination of changes in center-of-gravit,y location and in 
loading along the wing or fuselage , such as those tested on the model. 
The model tests can be used in predicting the r esults for the alternate 
flight loadings. 

It appears t hat there will b e l ittle difference between spins with 
the normal loading and spins with any of the following loadings: 

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

(b) Maximum fuel condition 

(c) 600 gallons of fuel condition 

Wi th maximum forward center of gravity, the airplane will probably spin 
only when the elevator is up. These spins will be steep and will, 
consequently , have high load factors. Wi th the maximum cargo condi tian, 
elevator-up or aileron-with configurations will still give satisfactory 
recoveries but there will be a tendency for elevator-dow.n and aileron­
against control settings to give slow r ecoveries. 

Because of the diversity of at titudes at which the model spun, 
there was considerable differ ence i n the values of the spin parameters. 
The maximum and minimum values of some of these parameters are listed 
below: 

CL V n 
Load factor 

(deg) (ft/sec) (rps) 

Max. value ffi 206 0.40 2.04 

Min. value 29 121 .24 1.08 

The hi gh load. fac tors and high rates of descent are obtajned f or the 
steepest spi ns. 
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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 ~relim1nary estimate of the moments of 
inertia. A comparison of these moments of inertia with the final computed 
values shows that IX and I Z for the tests at 2500-foot equivalent 

ali tude ,,'ere about 28 percent IX too high with the result that the 

preliminAry normal loading had relatively more !DaSS distributed along 
the wings than the final loading. 

For the initial tests, the model was practically symmetrical and 
left s~ins •. rere qUi te similar to right spins. It has been previously 
indicated that, in the course of the ~reliminary testing, the model 
later became slightly asymmetrical as a result of damage and 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 (ailerons were not 
installed for these tests). 

There were two t~e8 of ~in for the elevator-up configuration 
when the model was in the preliminary normal loading condition. Both 
spins were steep and recoveries were rapid. The model would not spin 
with elevator neutral or do'WIl. 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 s~in when the center of gravity was 15 percent of the mean 
aerodsnamic 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. Wi th 
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 launched in a spin ,,~th the rotation 
counterclocbrise when viewed from above be-cause this direction was 
more convenient with the existing control-mechanism installation. 
Regardless of the rudder or the elevator setting, with ailerons neutral, 
the model sto~ped rotating almost immediately after being launched 
and dived down into the safety net , indicating that it ,,~uld not spin 
inverted if the ailerons are neutral. 

Ef~ect of altitude.- For the preliminary normal model loading 
at 2500-foot equivalent test altitude , the distribution of mess along 
the span was considerably greater than that at 10,000-foot equivalent 
test al ti tude. As previously mentioned, an increase in the mass 

~ -- ~~ - ------_ . ~-~~-----~ 
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distribution along the wing at 10,000-foot equivalent altitude led to 
a condition in ~~ich elevator-down deflections were f avorable in that 
the model ¥ould not spin. It is felt, therefore, that the apparent 
change from a condition in ~~ich 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 altitude is caused by the 
difference in the loading along the wings and that the chenge in 
equivalent altitude did not sUbstantially affect the spin characteristics. 

ANALySIS 

In the preceding discussion, the general characteristics of the 
spins of the DC-3 model have been described. Certain features, such 
as the airplane 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 end ailerons neutral, was fairly steep (0 • 350). 
For this spin, which is typical of the steeper spins obtained, the 
attitude end the rotational motion of the model are shown by motion 
pictures in figure 8. Pictures of a recovery from a similar spin are 
shown in figure 5· (Camera speed for the photographs of figs. 8 
and 10 was 64 frames per sec end 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 
thAt during the steady spin the model remained at a fixed level because 
it ~~s spinning in a column of air that was rising at 35 feet per 
second, corresponding to 172 feet per second full scale, end 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 vi sualizing 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 108S per turn was about 600 feet but, after 
the rudder was reversed, the al ti tude loss was about 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 i ncrease 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 
is 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 100 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 680 • 

Motion pictures of a typical flat spin are shown in figure 10. 
For this spin the angle of attack was 630 • 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 Bimilar to 
those previously described. 

Force and Moment Coefficients 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 XI plane (appro:x. the Wing-chord 
plane). The airplane in a spin is in a state of equilibrium and the 
inertia couples are balanced by opposite aerodynemic couples. The 
inertia couples were obtained from Euler!s eguatian as follows: 

Inertia rolling moment L .. (1y - I Z)qr 

Inertia pitching moment M = (1Z - IX}rp 

Inertia yawing moment N = (IX - 1y)pq 

where p, q, and r are the component angular veloc i ties about t ho 
body axes. In converting these moments to coeffiCients, the character­
istic lengths employed were the wing chord for the pitching moment and 
the wing span for the rolling and yawing moments. 

t-l l 



13 

After completion of the tests in the 20-foot free-spinning tunnel , 
the model was mounted on the balance in the free-flight tunnel and the 
l ift, the drag, and the pitching-moment coeffic i ents were measured wi th 
controls neutral for several angles of attack above the stall. Sideslip 
was not simulated during the balance tes ts because it was felt that 
this factor would have but little effect. 'rhe coefficients obtained 
from the balance data have been correct ed 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 f ollows: 

Coefficient 

Lift Drag Rolling Pitching Yawing 
moment IDDIIlBIlt moment 

Computed 0.964 1.008 0.00582 -0.476 0.00258 
for spin 

Balance .840 .671 -- ----- -·5~7 -------

The differences between the values of forces and moments for the 
spi nning model and the correB1>0nding values for the model on the 
balance can be 88sumed to be principally due to the rotation in the 
spin . It is evident that the rotation led to a somewhat h i gher value 
of the lift coefficient, an a:pprec i .ably higher value of the drag 
coefficient , and a smeller nose-down p itching-moment coeffi cient. 
TheBe effects of the rotation have also been noted in previ ous instances. 

Structural Loads 

Load factom:in the steady spin. - The load. factors (normal to the 
thrust axi s) in the steady spin have been given on the charts . These 
load factors were computed as ljs i n a on the assumption that the 
resul tent aerodynami c force in a spin is approximately normal. to the 
body XI' plane. A plot of these load factors against angle of attack 
is given in figure 11. R is the resul tent aerodynamic f orce. Load 
factors computed as l / sin (n + 2) have also been plotted corresponding 
to the more accurate assumption that the resultant force is normal 
to the chord of the wing (wing incidenc e was 20). 

An experimental check on the accuracy of the assumption regarding 
the inclination of the resultant force can be made by directly measuring 
t he rad i us of spin or by measuri ng the ratio of lift to drag for the 
complete model. 

Measured radii obtained from motion pictures were smaller than 
computed values. espec i ally for the steeper spins. Based on the 
measured radii of sp i n the inclination of the resultant f orce waB 
c 0 mputed t o b e f r om 00 to 80 rearward of the body normal or Z axis. 
The correspon dingly 10ver l oad fac tors are also presented i n 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 11ft/drag corresponded to 
an inclination of resultant force varying from 00 to 30 rearward of 
the normal axis. The load factors (fig. 11) for a spin with these 
values for lift/drag would vary from l/sin (a + 2) for the normal 
spin attitude to l / sin a for a very steep spin. 

The agreement bet-teen the reaul ts from the dii'ferent methods of 
computing the load factor is regarded as fair for steep spins and good 
for flat spins. The values for the load factors considered equal 
to l/sin a are the most conservative (highest) and those based on 
the measured radii 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 
twmel balance data. The pormal-force coefficient, that is, force 
coefficient along the body Z axiS, decreased gradually from a value 
of 1.20 at an angle of attack aof 350 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 al ti tude 
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 veloc i ty and the flight path at the start of the pull-out. 
By use of these charts the altitude los t and the velocity gained in the 
dive have been determined for a rec overy similar to that sho~~ 
in f igure 9. The dive was assumed to start with a velocity of 173 miles 
per hour true a i rspeed (149 mph indicated airspeed) at an altitude 
of 8500 feet and it .~s arbitrarily considered that the initial path 
" .. as vertical. The drag parameter K was assumed to have a velue 
of 0.030 and the load factor ~~s taken to increase linearly from 0 
to 2 in 2 seconds and then to remain constant until level flight was 
attained. The veloci ty 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 altitude 1088 was 
approximately 2000 feet. These values are subject to a small correction 
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because the mean Altitude during the recovery £rom the dive ~~s somewhat 
higher than the value used in re£erence 4. 

Computations of a s imilar nature have been made by the Douglas 
Aircraft Company, in .. l1ich the assumed conditions were the same except 
that the initial velocity was taken as 151 miles per hour true airspeed 
(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 o£ 2340 feet in a 
tble interval of 13 seconds. The computed reaul te :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 skill:ful piloting is essential to avoid on 
the one hand exceeding a sa:fe 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 velocities during the pull-outs might be noticeably 
higher. 

The charts in reference 4 show that the initial :flight path has a 
considerable e:f:fect on both the velocity gained and the altitude lost. 
It appears that the flatter in! tial 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 elevetor-
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 
i s an altitude loss of approximately 1000 feet :from the time the controls 
are moved until the spin rotation ceases. It has previously been shown 
that 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, there:fore, 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 asyrm:netrical air :flow over the airplane in a s-pin may 
gi ve excessively high local loads. Some :information on the pressure 
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d1str1bution 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 asynnnetrical 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 
LUes) of the relative wind at the center of gran ty, 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 from this figure that, although the right 
(outer) wing tip is not stalled, the angle of attack increases linearly 
to a large value (350 ) at the plane of sym:netry and. to an extremely . 
large value at the inner wing t ip. The horizontal tail plane is also 
stalled and there i8 considerable outward Sideslip at the tail. 

In estimating loads on the vertical tail it should be remembered 
It.. II that the vertical surfaces will be partly olanketed by the outboard 

half of the horizontal tail plane; that is, the tail plane will cast 
II II 

an aerodynamic shadow on the vertical tail. Smoke-flow pictures 
showing this blanketing for a smaller airplane in a spin are presented 
in reference 6. 

Tail load.- An attempt vas 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 rerne.ining moment in 
terms of the tail load. 

Information on the pitching moment of the DC-3 wing and fuselage 
was not available but estimates, based on data for otber models, led 
to values for the load acting upward on the tail of the" order of 
3000 or 4000 pounds (15 and 20 Ib/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 lift coeffi­
cients on a pursuit-airplane tail unit, similar in section and plan 
form of stabilizer 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. 

81nrtle.r estimates of the tail loads in the same spin but with 
elevator at neutral gave tail-plane loads about twice the values 
obtained for elevator full up. 
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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 tmmel 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 WBS 

assumed that the elevator waB completely mass balanced. This force 
was 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 .rhen the elevator is up. 

The force required to move the elevator downward would be appreciably 
greater when the elevator is neutral Imd it is doubtful whether a single 
pilot could move the elevator to the neutral position even wi th 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, under certain conditions, they too might be high. 
The pilot will probably experience di1'ficulty 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 necessary 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 questionable because 
of several sources of error. 

During a spin the fixed pi tot tube is not alined with the local 
air 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 variation of air flow along the span was indicated 
in figure 12. If the pitot tube were located well out along the Bl>8n, 
particularly on the inboard w:ing in the spin, there would be a large 

- I 

I 

I 

I 
j 

I 
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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 angle of attack and to the rotation of 
the airplane is probably small in a steep spin. There is, however, 
a possibility that at this angle of attack there may be an ap:preciable 
error oYing to the effects of fuselage interference on the local air 
flow. 

COliCllJDIK} REMARKS 

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

1. With the IIU!lximmn passenger loading condition and the normal 
control configuration for spinning, the spin will be steep, airplane 
nose do~n 550 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 it is about 100 above the neutral position. The ailerons should 
be kept ne-\ tral. This control manipulation should make the airplane 
stop spinning after about 1 additional turn. At this point the 
airplane will be dl ving 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 400 below horizontal and a rate 
of descent of 95 miles per hour can also be obtained. This condition 
can be eXpected if the elevator is down and the ailerons ere against 
while the rudder is still with the spin. 

3. If the recovery is effected while the elevator 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. 

4. For the maximum forward center-of-gravi ty condition, the 
airplane will show less tendency to remain i n a spin. For the maxinnun 
cargo 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. 

. 1 

I 

I 

I 
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For all loadings, it is recommended that r ecovery from the spin 
be made by fully reversing the rudder, after whi ch the elevator should 
be moved to about 100 above neutral and t he ailerons should be moved 
to neutral. Merely neutralizing the rudder will not necessarily give 
recovery • 

5. Approximately 3000 feet 'Wi ll be l os t during the recovery from 
t he spin and the pull- out from the ensuing d.1 va • 

6. The forces necessary to move the cont rol s in a spin may be BO 
h igh as to require the combined efforts of the pilot and co-pilot. In 
t his connection , it should be noted that the elevator trimming tab can 
be used effectively to help move the elevator down. 

7. Air loads on the horizontal t ail plane will be of the order 
of 3000 to 6000 pounds during the spi n . 

8. Recovery from inverted f31)ins can probably be effected by 
neutralizing the ailerons and the rudder. 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics , 

Langley Field, Va. 
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TABLE I 

RECOVERIES FRO'M LEFT SPINS FOR DOUGLAS DC-3 MO'DEL 

[ll t i tude , 10' , 000' ft; all tests made vi th mass added along 
fuselage , My and 6IZ • 0' .25 Iy] 

Control setting 
(deg) 

Ailerons Rudder 
Elevator 

Ri ght Lef t Initi al Final 

0' 0' a3O'W (b) 0' 

c15D 25U 30W (b) 3O'U 

15D 25U 3O'W (b) 2O'D 

25U 15D 3O'W (b) 30U 
25U 15D 3O'W (b ) 2O'D 

aw indicates wi th the spin. 
bRecoTery attempted by releasing the rudder. 
CD i ndicates do'WIl ; U, up. 

Turns for 
recovery 

7~ 
More than 5! 

2 
3k-2 

More than 4 
8 

21 

I 
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Chart 1. - Eftect ot Oontroll on lIpin and ReooTer,r Oharao\er1IUol of 
DC-3 lIodel 

(Normal loading; landing gear retrtloted; flapi neutral; recoTerr by ~pld full !Udder reTereal <Ite&dy- . 
8P1n data obtalned for Ndder lettlng lndloated): lef·t erect Iplnl; equlYalent telt aUltu.de, 10,000 fil 

Rudder w1th the spln Rwider neut~l o Rudder asalnlto the epin 

11 0 

Hlo ~ 

~~~ 

~ 

Too oscill~tory to test. 
~ror rudder defleotlon lnorealed to ±35 deg, reooTer,y requlred one-half turn. 

Went lnto steep spiral wlth hlgA rate of descent. 
dNO lndlcates model would not spln. 

Model value e 
converted to 
correspond1ng 
full-ecale values. 
U inner wing up 
D lnner nng down 

~ 

~ 

,--r-

~ 

TUrns for 

Load tao toto 
NATIO NAL 4DVI.OltY CO .... ,TT.I: ,.Olt ~PONAUTIC. 



Chart 2. - Effect of llase Dlstr1bution on Spin and Recovery Characteristics 
of DC-3 lJodel. 

~g L :-r 

[Loading as indicated; landing gear retracted; flaps neutral; recovery by rapid full rudder reTe real (recovery 
attempted from, ancLeteady-epin data presented for, rudde~with spins); left erect spin"s;equivalent test 

liormal loading Mass extended along wings (AlX and 

~ 

1 

1.69 

a Too oscillatory to test.. 
bNO indicates IIIOdel would not epin. 

1.68 

Mass extended along. wings (~IX 

Model values 
converted to 
correspondlng 
full-Bcale values. 
U lnner wlng up 

29 6U 

1.60 

N 0 

D inner wing down 
Load faotor 

NATIONAL ADVISORY COMMITTEE ,.Ollt A£RONAUTIC9 
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0 
N ° 

NP 

Chart 3. - Effect at Mass D1stribution on Sp1n and Recovery Charaoterist108 
ot 00-3 Model 

[Load1ng as 1ndlcated; land1ng gear retraoted; flaps neutral; reoovery attempted trOm, and" steady-sp1n data 
presented for, rudde~W1th sp1ns; lett ereot spi nl equ1valent test alt1tude, 10,000 ttJ 

Mass retracted along tus.lage Normal. load1ng 

36 ID ~ 

~ 172 .31 \7 I')u 
I~:~ ~ ~ 1 

L9~ 1.71 

~ 3/4 
1.62 

1 

.~ 172 

~ 
1.36 

~ .10 

N ° V 

1.22 

-.3$IL 

N 0 

V 
~ 

1 511 ;u 
144. 6 

~1t,1~ ~ 
1.69 

1..29 
1i 

1.20 
a~o oscl11atory to test. 
~Oeol11atee 1n p1toh; average value given. 
dNO 1nd10ates model would-not sp1n. 
eTurns tor recovery by rapid movement ot the rudder and elevator to neut1'6l. 
tRecovery attempted by rap1d movement ot the rudder to full aga1nst the spin. 

Turns tor " reoovery by rapid movement ot the rudder to neutral. 

llass extended along tusrlage 

1.08 

64 6U 

~1l.1 

Model values 
converted to 
correspond1ng 
full~scale values. 
U lnner wing up 
D 1nner wing down 

171 

1 12 

1.56 

a: ¢ 

Load factor 
NATI O NA L AOVISOR Y COMM ITTEE ,.O R ~_~_ .. ~_ .. __ 



a 
_If ~ 

NO 

)I 0 

£&L of 

Chart _. _ Effect of OenttJ\oot-CJr&rt t,)' Looat.1on on Spin and ReOOTery Cha~t,er1.et1oe 
01' ·00-:5 lIode1 

. tCente~ot-grav1 t.)' looation ae noted t land1ng gear retracted; nape neutral; reo over)' b:r rap1d tull rudder re­
venra1 (reoover)' at.telllpte4 troa, &IIIl et.eady-ep1n data preeented tor ; lUdde~With IIp1nll); lett ereot IIpinll , 
equivalent test. alt1tude. 10.000 tt--

o 0.1d' 

-'t 

~ 
_1 

~ 

~ 
10 

~ 

~ 
NO 

~ 

J5 2U 

178.36 

If 
1.7:3 

~~ 

~~ 

o 

CeJlter 01' grartty at lU.2~ 

~ 
1 

...l.....Qg 

1. 71 

1.22 I 

1.29 ~:I.:~~ 
1.69 

l! 
1.20 

~ 1nd1oatel aodel woulA not epin. 
~Steep epin or ep1ral With hig)! rate ot deeoent. 
~o oec11atory to teet. 

C 

1.68 

1.44 
Model values 
converted to 
correspond1ng 
fUll-scale values. 
U 1nner wing up 
D 1nner wing down 

\ 0.31~ 

1 -39 

38 5D 

178 .zr 

1.6.4 

1 

l .n 

Tums tor 

Load tao tor 
NATIONAL ADV I.OAY COfr04""ITTI:I: 1""01t AII:RONAUTIC8 
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Ohart 5. - . Effect. of Oontrol., Cent.er-of-Gx-n ty Looation , and 
Kass· Pistr1bution on Spin and Recovery Ohax-oter1stics 

ot 00-:5 Kadel 

[!.oading, 'pre11a1nary normal.' eXoept as 1ndicated; landing gear retraoted; flaps neutral; recovery by rapid 
full rudder revereal .( reooTel'1 attempted troll, and .t~-.pin data presenteciJor, ruddel'owi th.~ !lP1ns); r1~t 
ereot spins; aileron. · neut.ral for all tests; equivalent test alt1tude, 2500 tt 

Rudder 
With 
the 
soi 
26 

o 
1 · 
2 

2 

Rudder 

b 
~ 

i'lro 
typ esJl---'-~ 
of 
api n 1-1 ---t 

ftla.der 
aga1nst 
the 
aD.! 

1110 

Center ot 
gravity 
at _ 
p.lqo 

1110 

Oenter ot 
granty 
at _ 

1 

Oenter ot 
gravity 
at 
o 

Jlass added 
along wings 

(bIX and A I Z 
c 0.2:5 IX) 

2 

2.42 

Kau added 
along fuse­
lage lAIy 
and6I Z 
- 0.40 Iy! 

36 0 

72 .2'51 

1. 68 

)laso added along 
fuselage (AIy and 
AIZ - 0.28 Iy) and 
oenter ~t graV1ty 
a ~ o. 

:58 0 

58 .20 

1, i 
1.62 

55 ~ 
I/.J' . a 

HIO !J..Q....; Hlo HIO HIO ...w. 
t 

.. ~ 
.x .::; 
~ 
r: 

! 
~ 
'­o -~ 

iLi 

.del values 
oonverted to 
corresponding 
full-scale .... lues. 
U 1nner wing up 
D inner Wing down 

1,1 

1.60 1.22 

)110 ~ ~~. § ~ ~ ~ ~ 
• b HO 1nd1cates 1IOde). would Aot. sp1n. 

TOo oscillatory to test. 



Figure 1. - Front view of the 1 - scale model of the Douglas DC-3 airplane. 
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Figure 2. - Three -q uarter front view of the 23 1 - scale model of the Douglas 
.75 

DC-3 airplane. 
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Figure 3. - Side view of the n .... 1m,. - scale model of the Douglas DC-3 airplane. 
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Fig,ure 4. - Three-quarter rear view of the "" 1 __ - 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 
s ettings: rudder as noted, elevator neutral, ailerons neutral. 
Recovered in 1 turn (frames 11 to 39). 



Figure 7. - Recovery from an elevator-down spin. Control settings: 
rudder as noted, elevator full down, ailerons neutral. Recovered 

in 1~ turns (frames 6 to 37). 



I 

/0 

Figure 8 .- Typical steep spin. Control settings: rudder full with 
the spin

d 
elevator full up, ailerons neutral. Full-scale values: 

a. = 35 , r;; = 70 , V = 172 ft/sec (1 17 mph), radius of spin = 13.6 ft , 
n = 0.29 rev/sec. 
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FIG. 9-(CON1}-STEADV SPIN AND RECOVERY OF DC-3 NATIONAL AOVISORY 
COMMITTEE FOR AERONAUTICS. 
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Figure 10. - Typical flat spin. Control s ettings: rudder full with 
the spin, elevator neutral, ailerons neutr al. Full - scale values: 

ex, = 63°, ¢ = 5°, V= 121 it/sec (82 mph), n = 0.34 rev/sec, 
radius of spin = 3.5 ft. 
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I'lgure 12. - Component s ot rel ·atlv.e wlnd at oenter ot 
gravlty, wlng tlps, and tall as sembly ot the DC-3 model 
durlng steady lett spln shown 1n f1gures 8 and 9. 

J 


