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NATIO~AL ADVISORY COMMITrEE FOR AERONAUTICS 

TECHNICAL NOTE NO. 1575 

TEE EFFECT OF VARIATIONS IN MOMENTS OF INERTIA ON SPIN AND 

RECOVERY CHARACTERISTICS OF A SINGLE-ENGINE lDW-WING 

MONOPLA..l'fE Wr l'R VARIOUS TAIL ARRANGEMENTS, 

INCLUJ)ING A TWIN TAIL 

By Anshal I. Neihouse 

SUMMARY 

An investigation has been conducted in the Langley 15-foot free­
spinning tunnel on a research model, representative of a present-day 
trainer or a four-place cabin monoplane, with varied moments of inertia. 
The tests were made for eight different wing arrangements and four 
different tail arrangements, including a twin tail. The moments of 
inertia about the three airplane axes were increased or decreased by a 
constant percentage and the results were compared. Comparison is also 
made between these results and those previously presented for conditions 
with the airplane r~lative density varied. 

The results of variation of moments of inertia indicated that, within 
the range of the present tests, uniformly decreasing the moments of inertia 
led to steeper spins, higher angular and vertical velocities, and faster 
recoveries . Comparison of these results with results of previous tests 
indicated that adding weight at the center of gravity up to 50 percent of 
the basic weight led to higher rates of descent and rotation, had little 
effect upon recoveries when the elevators were up, and generally had a 
somewhat adverse effect upon recoveries when the elevators were neutral or 
down . The results also indicated that the twin-tail configuration was a 
very effective arrangement as regards spin recovery. 

INTRODUCTION 

Spin- tunnel experience has indicated that moments of inertia may have 
significant effects upon the spin and recovery characteristics of an air­
plane . I n order to make a vail9.ble additional results on the effects of 
moments of inertia, the results of an investigation conducted during 1939 
on a low-wing airplane model in the Langley 15 -foot free-spinning tunnel 
are presented in this paper . Eight different wing arrangements and four 
different tail arrangements, including a twin tail, were investig,ated. 
The investigation was an extension of the research conducted with the low­
wing airplane model reported in references 1 to 5· 
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For the investigation referred to herein, moments of inertia about 
the three airplane axes were increased or decreased by a constant per­
centage. Such changes would occur on an airplane if i tams of load were 
shifted along both the wings and the fuselage. The present results are 
considered comparable to those previously obtained when the relative 
density was varied (reference 5). In reference 5, the results presented 
were for loadings obtained by increasing or decreasing the moments of 
inertia and at the same time altering the weight correspondingly in order 
to keep the radii of gyration constant. For the present tests, corre­
sponding moment-of-inertia variations were made but the weight was main­
tained constant. 

The tail arrangements varied from a short rudder above a shallow 
fuselage to a full - length rudder and raise d horizontal tai l on a deep 
fuselage, and also included a twin-tail design. The wing variables were: 
tip shape, airfoil section, plan f orm, thickness , and landing flaps. 
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IX, Iy, IZ 

SYMBOLS 

wing span, feet 

wing area, square feet 

wing mean chord, inches (~) 

ratio of distance of center of gravi ty rearward of 
leading edse of wing mean chord to wing mean chord 

ratio of distance between center of gravity and thrust 
line to wing mean chord (positive when center of 
gravity is below thrust line) 

mass of airplane, slugs 

air density, slug per cubic foot 

air plane relative - density parameter 

moments of inertia about X~ y, and Z body axes, 
respe cti vely, slug-feet 

radii of gyration about X, y, and Z body axes, 
r espectively, f eet 

inertia yawing- moment parameter 
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Iy - I Z 
mb 2 

IZ - IX 

mb 2 

IZ - Iy 

I Z - IX 

v 

ine r t ia r olling-moment parameter 

ine r t ia pitching- moment parame t er 

ine r t ia r olling-moment and yawing-moment paramete r 

angle between thrust line and vertical (approximate ly 
e ~ual to abs olute value of angle of att ack at plane 
of symmetry), degrees 

angle between span axis and horizon tal, degrees 

model rate of desce n t , f eet per second 

model angu.lar vel oei t y about spin axis, radians pe r 
second 

APPARATUS AND METHODS 

The tests we r e co~ducted in the Langley 15- f oot free-spinning 

3 

t unnel which has since been superseded by th8 larger 20- foot f r ee ­
spinning tunnel. A general description of model construc t i on and testing 
techni~ue in t h3 Langley 15-foot free - spinning t unne l i s given in 
r ef e r ence 6. Use of a launching spindle has, however, been r eplaced by 
launching t h8 model by hand into the vertically rising air str eam. A 
photograph of a model spiILling in the Langle y 20 -foot free -spinning tunnel 
is shown as figure 1 . 

The basic condition of t he model for the present investigat i on was 
similar to t h3 basic condi t i on ref~rred to in r eference 5. The model i s 

1 
consider ed to r epresen t a 15-scale model of a current trainer or a four-

place cabin monoplan3. Fig~re 2 is a two - view drawing of the basic model, 
and ph~tographs of the basic model are shown as figure 3 . The wing and 
tail surfaces we r e independen t ly r emovable and interchangeable to permit 
testing any combinat i on . The exchange of surfaces could be made without 
any change in mass dis t rib'.l t i on. T:'le mass distribution} hO'ilever, could 
be iniependently varie d by th~ r e l ocation of we ights . 

The various wing configurations use d are shown in figure 4 and are 
designate d as follows: 

Wing 1 - NACA 23012 se c t i on ; r e ct angular pla~ form; Army tips . 

Wing 2 - Same as wing 1 with 2J -percent full - span split flaps 
deflected 6:)8 . 
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Wing 3 - NACA 23012 se ction; rectangular plan form; rectangular 
tips. 

Wing 4 - Same as wing 3 with faire d tips. 

Wing 5 - NACA 0009 section; rectangular plan form; Army tips . 

Wing 6 - NACA 6718 section; rectangular plan form; Army t ips. 

Wing 7 - NACA 23012 section; 5:2 tape r ratio; Army tips . 

Wing 8 NACA 23018-09 section (s tandard Army Wing); 2:1 taper 
ratio ; s~uare center; Army t ips. 

Photographs of the wings are shown as figures 5 and 6 . Figures 2 
and 3 show the model wi t h the basic wing (wing 1) and tail C installed . 
This wing is of NACA 23012 section with rectangular plan form and Army 
tips . In common with the other wings, it has an area of 150 s~uare 
inches, a span of 30 inches, and no dihedral , twist, or sweepback . The 
other seven wings have varie d dimensional characteristics as indicated 
in figures 4 and 6. 

Each wing was mounted on the model at an angle of incidence e~ual 
to the angle of zero lift for the particular section. 

The four tail conf igurat i ons used are designated tails A, B, C, 
and D and are shown in figures 7 and 8. Tail C had a shallow fuselage 
with rudder co~letely above the tail cone . Tail B was derived from 
tail C by increasing the fuselage depth, raising the stabilizer and the 
elevators, and installing the original fin and rudder atop the deepened 
fuselage . Tail A was similar to tail B except for full -length rudder 
construction and slightly increased elevator cut-out. Tail D has the 
same areas and tail l engths as tail C. The vertical tail area was r edis­
tributed to form two vertical tails of circular plan form, each having 
half the original area. The dimensional characteristics of the various 
tail arrangements are given in tabl e I. The tail-damping power factor 
was computed by the me thod described in r eference 7. The stabilizer was 
set a t zero incidence for each tail. There was no fin offset . A 
clockwork delay-act i on mechani sm was ins t alle d in the model to actuate 
the controls during r ecover y te s ts. 

The full - scale dimensional characteristics for this model (assumed 
1/15 scale ) with any one of the wings shown in figure 4 and wi th tail C 
installed would be: 

--------
1 
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Mean wing chord, inches 
Span, feet 
Wing area, square feet 
Aspect ratio ..... . 
Distance from quarter-chord point to elevator hinge, feet 
Distance from quarter-chord point to rudder hinge, feet . . · . 
Fin area, square feet . . . . 
Rudder area, square feet 
Stabilizer area, square feet 
Elevator area, square feet 
ControJ_ travel, degrees 

Rudder . 
Elevator up 
Elevator down 

5 

.. 75 

. 37·5 
234.4 

6 
16.6 
16.9 
6.8 
6·9 

19·8 
12·9 

~30 
30 

. 20 

The model was ballasted by the installation of proper lead weights 
to represent an airplane spinning at 6000 feet altitude (p = 0.001988). 
If the model were arbitrarily assumed to be 1/15 s cale , the corresponding 
characteristics for the basic loading and for the l oadings with moments 
of inertia decreased and increased would be the values given in table II. 
The moments of inertia were decreased approximately 16 percent of the 
basic values and increased approximately 24 percent. It was noted for 
the present investigation that, with the moments of inertia decreased, the 
actual values of the moments of inertia were about the same as those for 
the low relative-density condition previously presented in reference 5. 
With the moments of inertia increased, the increases were approximately 
60 percent of the corresponding increases obtained for the high relative­
density condition. 

PRECISION 

The model test results presented are believed to be the true values 
given by the model within the following limits: 

Q" degrees 
Cj), degrees 
VJ percent 
0, percent 
Turns for recovery 

when obtained from motion-picture 

when obtained by visual estimate 

records 

The preceding limits may have been exceeded for those spins for 
which it was difficult to control the model in the tunnel because the 
rate of descent was high or because the spin was wandering or oscillatory . 
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The a ccura cy of measuring the weight and mass distribution of the 
model i s be l ieved to be wi thin t he fol lowing limits : 

Weight , pe rcen t . . ... 
Center- of - gravity l ocation, pe rcen t c 
Moments of i ne r tia , percent 

The contr ols we r e set wi th an accur a cy of tlo . 

!l 
11 
15 

Tests made at the basic, or normal , loading were repeat tests , and 
the results agreed fai r l y well with corresponding results of reference 5, 
although the a greement was not a lways exact as a r esult of inadvertent 
slight damages to the model r esulting f r om testi ng. 

TESTS 

For each wing and tail combination with each set of values of the 
moments of i nertia , sp in tests wer e made for four contr ol settings: 

(a ) Rudder 30
0 with the spi n , elevators 300 

up 

(b ) Rudde r 300 with the spi n , elevators neutral 

(c ) Rudder 30
0 with the spin , elevators 200 down 

(d) Rudde r neutral , elevators neutral 

Re covery from (b) and (c ) was attempted by reve rsal of the rudder, 
re cove ry from (a ) by complete reve rsal of both controls as well as by 
reversal of the rudder alone , and recovery from (d) by moving the rudde r 
full agai nst the spin and the elevator full down . Ailerons were not 
deflected during the investigation. 

RESULTS AND DISCUSSION 

The results of the spin tests of the model are presented in 
tables III to XI . Tables XII t o XIX present a comparison of results 
obt ained with the moments of ine r tia decreased with the corresponding 
results previously obtained with the relative density decreased and thus 
afford a determinati on of the effect of variat i on in weight at the center 
of gravi ty . All results are presented in terms of model values. Conver­
sion to full - scale values may be obtained by methods described in 
reference 6. 
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Effects of Moment-of-Inertia Variations 

Tables III to X indicate that, when the rudder was ini t ially with 
the spin, the ~ualitative effects upon the spin and recovery character­
istics of variation in the moments of inertia were generally the same for 
each of the tail and wing arrangements tested. In general, de creas ing 
the moments of ine r t ia l ed to steeper spins and more rapid r e coveries ; 
whereas increasing the moments of inertia led to s omewhat flatter spins 
and slower recoveries. The angular and vertical velocities in the spin 
increased as the moments of inertia decreased, and vice ve rsa. 

Table XI presents the results of tests for decreased, basiC, and 
increased values of moments of inertia when all the con t r ols, including 
rudder, we r e neutral. When the twin t ail, tail D, was installed , no spin 
was obtained for any wing arr~ngement or any moment- of -ine rtia conditi on. 

As previously indicated, the r esults presented in r efer ence 5 wer e 
for l oadings wi t h varie d relative densities which were obtained by 
changing the moments of inertia and at the same time changing the we ight 
to keep the radii of gyration constant . Comparison of the curr ent r esulw 
wi t h t hose presented in reference 5 indicates t hat, for the range of mass 
va riation conside r ed in this investigation, systematic changes in moments 
of inert ia will affect the r e covery charac te ristics in a manner similar 
to t hat brought ab0ut by changes in r elative density involving s imila r 
moment-of -iner t ia variations , particularly when the elevators are up. It 
thus appears that the changes in moments of ine r tia associated with a 
change in r elative densi t y are primary factors affecting the spin recovery. 
In tabl es XII to XIX, r esults with moments of inertia decreased are 
compar e d with r esults for r elative dens ity decreased for the different 
wing arrangements. The condition with moments of ine r t ia decreased r epre­
sents the model with we ight in at the center of gravity; whereas the 
condition wi t h the r elative density decreased r epresents the model wi th 
the we ight out at t he center of gravi ty . The differ ence in weight was 
apprOXimately 25 pe rcent. When the elevators we r e up , the re covery char~ 
teris t ics f or the two loadings we r e ~uite similar although the rates of 
descent and the angular ve l ocitie s in spins we r e higher with the weight i n . 
When the elevators wer e neutral or down, the r esults were not always 
conSistent, but a small adverse effect upon r e covery characteristics 
appeared to r esult from adding weight at the center of gravity. 

Although no compari son is presented herein , the test results with 
moments of ine r tia increased may be compared wi th corresponding r esults 
from r efer ence 5 with the relative density increased. The difference in 
these two l oad i ngs can be considered to r epresent the effe ct of added 
we ight at the center of gravity of approximately 50 percent of the basic 
we ight . As previ ous l y m~ntioned, the moment - of-inertia change s were not so 
great as those made in r eference 5, but the gene r a l conclusions to be drawn 
are ~uite s imilar to those drawn f r om the comparison made between decreased 
moments of inertia and decreased relative dens i ty . 

J 
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Effects of Tail and Wing Arrangement 

Comparison of the results for tails A, B, and C for any moment-of­
inertia condition indicate d that tail A gave the most rapid r e coveries 
and tail B gave the steepest spins but s l owe r recoveries; tail C gave the 
slowest recove ries. The effects of wing and l oading variations we re most 
apparent for tail C. With the twin t ail D installed , spins f or any 
moment-of-inertia condition we re generally as steep as those for t ail B, 
but recoveries were as good as or better than those for tail A. Tail D, 
as previ ously indicated, was f orme d by the use of ve r t ical fin and rudder 
areas e~ual to those f or t ail C, and the improved recovery characteristics 
obtained with the twin-tail configuration indicates that it is a ve ry 
effective arrangement as r egards spin r e cove ry. The difference in r esults 
obtained for tails A, B, C, and D are in agreement with the findings of 
reference 8. 

For any moment-of-inertia condi tion , the wings wi th r e ctangular and 
fai r ed t ips (wings 3 and 4) gave the steepest spins, the most outwa rd 
sideslip, and t he most rapid r ecoveries . The re ctangular wing wi th Army 
tips (wi ng 1) consi stently gave flatter spins and slower r ecoveries . 
Even slower recove ries we r e obtaine d for the wing wi th 5:2 tape r (wing 7). 
The wing wi t h NACA 6718 section (wing 6) l e d to spins in which the inner 
wing was down a r elat ively l arge amount. Flaps deflected 60 0 (wing 2) 
generally retarded r e cove ry. The Army standard wing (wing 8) gene r a lly 
gave more satisfactory r e cove r y charac teristics than the basic r ectangular 
wing. 

The NACA 0009 section (wing 5) l e d to faster recoveries when the 
moments of i ne r tia we r e de crease d than did either the 23012 or the 6718 
se ction ; whereas , when t he moments of inertia were increased, the 
NACA 6718 section (wing 6) l ed to the fastest recoveries . These results 
may be explained on t he basis of r eference 9 , wh i ch i ndicates that 

IX - Iy 
as be comes more ne gati ve , downward tilt of the inboard wing 

mb 2 

during t he spin is favorable, ~d vice versa . It was noted that when 
wing 5 was installe d on the mo del, t he outboard wing tip (left tip in a 
ri gh t spin) was tilte d down ; whereas when wing 6 was ins talled, the 
inboard tip was down. Also , the r e l ative mass distributi on a l ong t he 

(
IX _ Iy ~ fuse lage was de creased 2 be came less negative when the moments 

mb 
of ine r t ia wer e decrease d, and vice ve r sa . 

The effects of tail and wing variables were in gene ral similar to 
those previously r epor te d in r efe rence 5. 
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Effects of Control Setting 

Within the range tested, moment-of-inertia variations appeared to 
have no appreciable effect upon control effe ctiveness in producing 
recoveries. Recoveries from spins with the el evator neutral and the 
rudder with the spin were very similar to those from corre sponding spins 
with the elevators down. Except for the twin-tail, tail D, holding the 
elevators up resulted in the steepes t spins (from which the most rapid 
recoveries were obtained). For the twin-tail arrangement, el evators up 
gave somewhat flatter spins than elevators down. The simultaneous r ever­
sal of the rudder from rudder with to rudder against the spin and of the 
elevator from up to down gave bette r recovery than only rudder reversal 
for tails B and C (the tails with short rudders) but not for tails A 
and' D. 

CONCLUSIONS 

The r esults of tests made on a research model wi th varied moments 
of inertia, and comparis on with previous r esults l e d to the following 
conclusions: 

1. Uniformly de creasing the moments of inertia led to steeper spins, 
higher angular and vert ical ve l oci ties , and faster r e coveries . 

2 . Adding weight up to 50 percent of the basic weight at the center 
of gravity l e d to higher rates of descent and higher angular velocities, 
had little effect upon recoveries when the elevator s were up, and eener­
ally had a somewhat adverse effe ct upon r ecove ries when the elevators 
we r e neutral or down. 

3· The t win- tail ~onfiguration was a very effective arrangement as 
regards spin r ecovery. 

langley Memorial Aeronautical Laboratory 
Na t i onal Advisory Committee for Aeronautics 

Langley Field, Va., December 31 , 1947 



10 NACA TN No . 1575 

REFERENCES 

1. Seidman, Oscar, and Neihouse, A. I .: Fi~e -Spinning Wind-Tunnel Tests 
of a Low-Wing Monoplane with Sys tematic Changes in Wings and Tails. 
I . Basic Loading Condition. NACA TN No . 608, 1937· 

2 . Se idman, Oscar, and Neihouse, A. I .: Free -Spinning Wind-Tunnel Tests 
of a Low-Wing Monoplane with Systemati c Changes in Wings and Tails. 
II . Mass Distributed along the Fusel age . NACA TN No. 630 , 1937· 

3 . Seidman, Oscar, and Neihouse, A. I.: Free -Spinning Wind-Tunnel Tests 
of a Low-Wing Monoplane wi t h Sys tematic Changes in Wings and Tails. 
III. Mass Distributed along the Wings. NACA TN No. 664 , 1938. 

4. Seidman, Oscar, and Ne ihouse , A. I .: Free -Spinning Wind-Tunnel Tests 
of a Low-Wing Monoplane with Sys tematic Changes in Wings and Tails. 
IV. Effe ct of Cente r-of-Gravity Location. NACA Rep. No. 672, 1939. 

5. Se idman, Oscar, and Neihouse, A. I .• Free -Spinning Wind-Tunnel Tests 
of a Low-Wing Monoplane wi th Sys tematic Changes in Wings and Tails. 
V. Effect of Airplane Relative Densi ty . NACA Rep. No . 691 , 1940. 

6. Zimmerman, C. H.: Preliminary Tests in the N.A.C .A. Free -Spinning 
Wind Tunnel. NACA Rep . No . 557, 1936. 

7. Neihouse, A. I. : Tail-Design ReQuirements for Satisfactory Spin 
Recove ry for Personal-Owne r- T.YJle Light Ai rplanes . NACA TN No . 13~, 
1947· 

8. Neihouse, Anshal I., Lichtenste in, Jacob H., and Pepoon, Philip W.: 
Tail-Design ReQuirements for Satisfactory Spin Re covery. 
NACA TN No . 1045, 1946. 

9 . Neihouse, A. I.: A Mass-Distribution Criterion for Predicting the 
Effect of Control Manipulation on the Recovery from a Spin. 
NACA ARR , Aug. 1942. 

___ J 



V':lrtlcal 
tail area Tail (percent wing 

area) 

A 8 (rudder ~ 5; 
fin, 3 

B 6 (rudder ~ 3; 
fin, 3 

C 6 (rudder ~ 3; 
fin, 3 

D 6 (rudder~ 3; 
f in, 3 

- -- - ---

TABLE 1. - DIMENSIONAL CHARACTERISTICS OF THE VARIOUS TAIL ARRANG»OOfl'S 

Fuselage side Vertical tail Horizontal tail 
area (back and length (from c/4 Horizontal lsngth (from c/4 Tail-damping below leading point of wing to tail area point of wing to 

power factor 
e~ of stabilizer) rudde r hinge line) (percent wing. area) elevator hinge line) 
(percent wing area) (pe rrent w11'lg span) (:percent wing span) 

3·0 45 
14 (elevator, 5.5; 

44 136 X 10-6 
stabili zer, 8.5) 

4·3 45 
14 (elevatoT, 5.5; 
stabilizer, 8.5) 

44 5 

1.1 45 14 (elevator, ~'5; 
stabilizer, 8.5 

44 0 

1.1 45 
14 (elevator, 5 . 5; 44 

~393 ___ 
stabilizer, 8.5) 

- - - - --- L --- _ L-_ - -- - -

~ 

, 

, 

I 

I 
, 

~ 
~ 
~ 
~ 
o 

f--J 
VI 
-..;) 
VI 

f--J 
f--J 
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TABLE II. - FULL-SCALE LOADINGS BASED o.N ASSUMPTIo.N o.F l:.._SCALE Mo.DEL 
15 

Loading wi th Basic Loading wi th 
Item moments of loading moments of 

inertia decreased inertia increased 

Weight, Ib · · 4720. 4720. 4720. 

IX , 
2 2310. 2760. 33&J slug-ft. · 

I y , 2 
33 20. 3970. 4915 slug-ft. · 

I Z' 
2 slug-ft • 50.40. 6150. 770.0. 

Ix - Iy 
-49 X 10.-4 - 59 x 10.-4 -75 x 10.-4 

mb2 · 
Iy - Iz . . · - 83 x 10.-4 -10.5 x 10.-4 -135 X 10.- 4 

mb 2 

I Z - IX . · · 132 X 10.- 4 164 x 10. - 4 210. x 10. - 4 

mb 2 

I Z - Iy 0. . 64 0. . 64 0. .64 · I z - IX 

IJ. (at 60.0.0. ft) . 8 .4 8.4 8.4 

x/c 0..25 0. . 25 0..25 

z/c . 0. 0. 0. 

-------~ 
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TABLE III.-SPIN ANO RECOVERY CHARACTERISTICS OF A RESEARCH MOOEL WITH WING 1 
INSTALLE:D 

@pin data presented tor ailerons neutral. rudder with the spin; turns tor reoovery 
measured when rudder alone i8 reversed tully and rapidly. exoept as noted; key to 
table given at bottom o~ pag~ 

koment8 or inertia 

Decreased Bas10 Increased 

~ Elevator 

50.2 1.!D 54. 1.3D 54.7 2.$0 

40.9 n.~ 39.5 10.5 40.0 9.5 
Up 

l~. 11 
Ir 1~. 1~ 1 1 

l~. 1~ 

a a 
1. 1 

a 1 a ~ 
1~. 1 

a a 1 
2 . 2Jr 

53·2 0.6! 5$.9 0.9r 

36.4 l3.E 35.5 12·5 Neutral 
2!. 21 

Ir 3. ~ 

53.1 1. 3t 59.1 0 61.0 1.10 

35.9 14 .( 34.5 12.$ 35.0 11.5 Oown 

2~. 3 3. 3 3~. ~ 

Elevator 

44.4 5.3! 45.1 5.H 47.2 3.60 

\42.3 10.! 43.2 9 .$ 41.$ $.7 Up 

2it. ~ ~.~ e 
= 

lal , a 1 
lIr 

a 1 
1Ir' 

a 1 
1Ir aJ! 

52.$ 0.3l 56.3 0.60 59.6 1.60 

35.0 13· 35.5 12.2 35.5 11.1 Neutral 
be 

00 
be 

CO 
be 

00 

53·0 1. 7l 56 . 3 0.20 59.6 1.60 ! 

35 .0 13.7 35.5 12. 6 34 .5 11.4 Oown 
b b be be 
7. 9 = 00 

aReeovery by reversal ot both rudder and elevator . 
bV1sua1 est1mate. 
C CO means model d1d not recover . 

Moments or .inertia 
Deoreased ---=:Lo 
~ 

44.7 3.70 

43 .2 10 ·7 
1 1 

2~. 2~ 

al~ 

50.3 0 .7U 

36 .$ 13.1 

3k· ~ 

45.9 2.70 

40.0 11. 6 

1~. lit 

a 1 
1~. alit 

47.0 0.50 

39.1 14.0 
1 

2. 2Ji' 

32 . 6 3· 2U 

46 .$ 17.1 

lk· ~ 

ioivdel values 
U inner win 
o inner win 

44 .0 4.00 

43.2 10.7 

lit. 2~ 
al~ 

52.5 O.2U 

37.3 11.9 
b11 

52.4 0·3u 

36.$ 12. 2 
b b 
5. 11 

53.2 0.90 

37.7 11.0 

2. 2 

a 1 
2~. 

a 1 
2~ 

47.4 1.6D 

3$.7 12 .1 
1 1 

> 2Ji" 2'2 

! 
147.3 1.50 

3$ ·1 12.7 

3. 3 

ex:. 

g up 
(d~g) 

g down V 
(rpo) 

Turns 

Increased 

45.6 5.00 

42.3 $.3 

2~. 2~ 
a 1 
l~. 

a 1 
1~ 

53.1 0.50 

37 . 3 10.9 
be 

co 

56.9 2.00 

37.7 10.2 

2i· 2k 

a2it. a
3 

54.4 0 . 60 

35.0 11.6 

3~. 4 
L..--_ . 

~ 
(deg) 
~ 

(rad/oeo) 

tor 
reoovery 

13 



14 NACA TN No. 1575 

TABLE IV .- SPIN AND REO OVERY CHARACTERISTIOS OF A RESEAROH MODEL WITH WING 2 
INSTALLED 

[Sp1n data presented for a1lerons neutral, rudder w1th the sp1n; turns for reoovery 
measured when rudder alone is reversed tully and rapidly, exoept as noted; key to 
table given at bottom ot pag~ 

Moment. ot inertia Moments of inert1a 

Deoreased Basic Increased 

4-9.2 2 . 7D 

36.s 11.9 

2. 21 
~ 

i"1¢. al ¢ 

54-.S 1.4-D 

33 .6 14-.0 

3. 3 

51.6 0 

33·2 14-.2 

2~. 21 
~ 

4-9.8 2.5D 

3S.6 11.5 

b b 
CO co 

a 1 a ¢ 21f. 2 

50·5 2.3D 

35.4 13.4 
be e 

CO <l:J 

52 .3 0.7D 

34. 6 3.S 

b b 
15. 25 

~ 
51.9 2.7D 

36.4 10.S 
1 1 

2~. 22 
a 
3. a3! 

5S.4 0.9D 

33.6 12.5 

~. 4¢ 

57.2 1.9D 

33 . 6 12. 6 

4k.~ 

52.0 2.6D 

37.7 10.5 

!l>,.. 4 b . CO 

a 1 a 1 
32" ' 32" 

leI 

~.4 1.9U 
55.1 LSD 

5~'S 17.4 
.6 12·3 
be 

LD 

57.' 2.4-D 

35.9 10.0 

2¢. 3 

a4¢. a~ 

61.6 ~.OD 

33.6 11.5 

>~. 8 

60.2 4.5I 

33.6 1.7 
b 
9. Ie! 

54 . 9 2.6D 

37.7 9.2 

be be 
CO = 

abc abc 
a:> . cO 

(e) 

~0.1 2.31' 
~6.5 1.0D 

~:~ 11.3 
16.0 

b be 
CD 00 

(e) 
5S.7 O .~D 
78.9 O. u 
33.6 11. 7 
26 . 4 16.5 
b bex:> = 

Elevator 

Up 

Neutral 

Down 

Elevatcr 

Decreased 

('rd.:....) ---r- -, 

52.4 0.4D 

34-.1 13.4-

~.~ 

51.0 0.8D 

34.1 13.4-

b~. 4 

49.3J .4D 

Up 36.4 112.3 

2¢. 2¢ 

47.6 .9D 

Neutral 35.4- 3.8 

2k. ~ 

Down 

~ Increased 

~ 
4-4.7 3.6D 

39.6 9.5 
b b 
~ 2. > 4-
a azk 2. 

54-.2 1.6D 

34.6 2.1 
bo o::> 

54.3 P..2D 

34.1 ~2.4 
bo ec 

54.2 .9D 

35.9 1.3 

3. 3 

fa3• a 
3 

~0.4 2'-'!l 

~5.0 12.~ 

~. 3~ 

4-4.9 1.9t 

34.6 12.7 

3k· ~ 

46.2 3.0D 

3S.2 8.4 

>4. b 
<>:> 

c4 • 4¢ 

56.8 1.0D 

34.6 10.6 
be oo 

55.70.8D 

34.1 11.1 
be co 

57.7 j2.2D 

35.4 0.5 

3~. 31 
2 

a 1 
3~. 

a
4 

~7.0 ~.lD 

~4.1 11.3 

4. 4 

55 . 8 2.0D 

34 .1 11.6 

~. 4¢ 

a 
bReeovery by reversal ot both rudder and elevator. 
Visual observation. Model values 

U inner ... ing 
D inner wing 

CC II 
c 0:> means model did not recover. 
~he sp1n is steep and osc11latory. 
eTwo types of spin. 

up 
down 

(deg) (deg) 
V .n.. 

(fpa) (rad/leo) 

I Turna tor 
reoovery 1 _ ____ • _ _ 
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TABLE V.- SPIN AND RECOVERY CHARACTERISTICS OF A RESEARCH MODEL WITH WING 3 
INSTALLED 

@pin data presented far ailerons nsutral, rudder with the spin; turns for recovery 
measured when rudder alone ie reversed fully and rapidly, except as noted; key to 
table given at bottom of pag~ 

Moments of inertia Momenta of inertia 

Decreased Basic Increased 

~ Elevator 

29.' 1.1 31.( O.lD 51.0 2.00 

54.6 12.1 p2.3 11.0 100.0 9·1 Up 

al 
~ it 1 

lzr 
ahl 
~ 

bl hI 
~, ~ 

b h 
I, 1 

51.~ 1. 7U 57.9 0.2U 

36.8 11.8 35.0 10. 9 Neutral 
1 

12"' Ii 1 1 
21j:' 21j: 

9.7 2'4l 56 . 3 1.3U 

36.4 12.1 35.0 1.1.0 Down 

l~, 11 
~ 

21 a21 
~, ~ 

-~cll t~~(C) Elevatar 

)3.0 
1""- ~U 
54- . 6 11.8 Up 

1 1 
2' ~ 

b1 bl 
2"' 2" 

34 .7 1.70 32.9 0.2t 35.2 O.gD 

47.8 13.6 51.4 12.6 52 .3 11.0 Neutral 

1 ~ 

- .-r---

38.5 4.lD 37.7 1.5U 1<5 .1 1.1U 
1----

44.6 14. 45. 4 13 · 3g.6 11.1 Down 

1 11 
~ 2i, ~ 

.~V1 sual estimate. 
Recovery by both rudder and elevator revers6.1. 

cThe sp1n is steep and oscillatory. 

Decreased Increased 

0) c J 

25.1 5.3U 1<3.6 0.4u 

61.5 12.4 40.9 10 .5 
1 
2 

1 1 
21j:' 24 

~ 
34.8 1.3U 44.2 0.6ul 

44.1 13.1 39.6 l o ·gl 

1 1 I 1 2lj> 2lj: 

~ 

(c) 

61.8 

45.9 14.6 

1~ 

59.1 11.8 

24.8 jlo.2U 

56 . 8 12 .6 

1 
2' 

30 .2 Q8U 
-

1<7. 8 13.5 

11 
If 

ues Model val 
U inner 
Dinner 

wing up 
w1ng dOl<n 

21<.1 0.60 

54 .6 11. 6 

29.2 5.4u 

50.0 13·1 
11 

lj' 
~. --

DC <! 
(dog) (deg) 

V .f'l... 

(~s) (rad/oeo) 

Turno for 
reoovery 

15 
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TABLE VI.- SPIN AND RECOVERY OHARACTEKISTIOS 01" A RESEARCH HODEL 'ilTH W~NU It 
INSTALLED 

~Pin data preeented tor ailerons neutral, rudder with the apin; turns ~r~eooTery 
measured when rudder alone ie reversed fUlly and rapidly, exoept aa note«; key to 
table given at bottom ot pag~ 

'Moments of inertia Moments ot inertia 

Decreased 

31.1 0.4t 

52·3 11.8 

1 
~ 

a 1 
<~ 

27 . 5 L eD 

61.5 12.1 

1 
"2 

aCl al 
Jr' "2 

29.6 l2.11 

56 . 8 11>.0 
1 
~ 

1>5 .1> 1.0D 

1>0.0 10 . 1 

I, l~ 

at, 
a l 

55.1 2.6u 

31>.1 12.2 

2, 2 

51>.7 2 • lU 

~1+.1 12.1> 

It, 2 

26.6 2.0D 

61.5 11.0 

27.1> 2.6u 

52 .3 13 .1 

~, t 

32 .0 5 . 2U 

1>9.£ 13 . 6 

1 
~ 

Increased 

Elevator 

53. 1 0.9D 

1>0.0 9.2 

l~, l~ 
Up 

.. 1 
llf' 

a 1 
lJr 

59.9 o.1>u 

35.0 11.0 Neutral 

2~, 2~ 

~e.9 LOU 

35·0' 11.2 Down 

2~, 2t 

~7.6 3 ·3D 

~1.5 9.0 

cl Cl 
fr' "2 

aC l aCl 
Jr' Ii" 

28.0 .5U 

61.5 1. 0 

C~ 

1>6.3 0.3l 

3e.6 11.1 

2~ , ~ 

Elevator 

Up 

Neutral 

Down 

~ecovery by revereal ot both rudder and elevator. 
bThe epin ie steep and oscillatory. 
°Visual obeervation. 

No data 

Model valu 
U inner w 
Dinner w 

31>.1 0 

1>7.8 12.6 

37.2 1t.3U 

1>3.2 13.1 

11 
Jr 

No data 

26.~ e.9l 

51>.1 12 .8 

1>6.2 0 

4-0.9 10.E 

21 21 
Jr' 2 

1>7 .1 0.7l 

4-o.C 10.1 

2, 2 

No data 

31. 7.<J.. 

~ 1>7.8 13.E 

1~, 11 
~ 

OC '1 es (deg) (deg) 
ing up 
ing down V .r>. 

(rpa) (rad/ueo) 

Turns tor 
reoovery 

--~ 
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TABLE VII.- SPIN ANO RECOVERY CHARACTERISTICS OF A. RESEARCH MOOEL WITH WING 5 
INSTALLED 

~p1n data presented for ailerons neutral, rudder with the ep1n; turns for reoovery 
measured when rudder alone 1e revereed fully and rapidly, except as noted; key to 
table given at bottom of pag~ 

Moments of inertia Momente. of inertia 

Decreased 

46.5 0.90 

41.4 11.2 

1, 1~ 
a & 
1, 1 

52.712.7u 

35.4 13. 2 

l~, It 

50.7 0 

1>0.0 9.9 

1, lk 

a 1 a 1 
llf, llf 

~a.4 .2U 

35.0 12.2 

2~, ~ 

5a.l 1.3u 

55. 2 0.60 

39.6 9.2 
1 1 

12"' 12" 

'li, a1t 

60.2 o.ao 

34 . 11. 2 

3, 3! 

Deere aeed 

Elevator 'r"c,,-J~_---, 

Up 

4l.1 4.0l 

Neutral 40.9 13·3 

1, 1 

43.1 3.6u 

52.a 2.0U 

37.7 11.6 

3, 3! 

53.3 l.a~ 

Increased 

45.7 4.ao 

43. 2 a.7 

lk, 2k 
a a 
1, 1 

53.1 0.5t 

37.2 10.4 

5~, 11 

54.6 D.7U 52.3 3.6u 

34.6 14.0 34.1 12.6 34.1 1.4 Oown 39.1 13.a 36.4 12. 36.4 0.7 

It, It 

36.5 1.90 

4-7.a 10.5 

1 
~ 

ab1 &1 
fr' " 

(d) 

47.5 l.au 
33 ·5 0 

40.4 12.~ 
46.a 12. 

2~, ~ 

(d.) 

aJ'O 3·0U 
.9 3·1U 

~:~ ~~~4 1 6 

3.3~ 

1 1 
2~, 2~ 

41.4 2.40 

46.a 9.5 
b
1

1 
If' 1~ 

a~, at 

56.1 LOU 

35.9 12.1 

a~, b9 

56.7 l.OU 

35.4 12.6 

ba , b
a 

~,~ 

45.9 3. 90 

42.2 a.4 

2, 2 

a 1 
12, a 1 

1~ 

57 . 6 0.40 

35.9 O.a 
be e 

= co 

57.0 p.40 

35.4 1.2 
e 

00 

~~ecovery by reversal of both rudder and 
-Visual observation. 
CThe spin 1. steep and oscillatory. 
dTwo types of spin. 
e ao means model _ould not reoover. 

Elevator 

Up 

Neutral 

Oown 

elevator. 

1, °1 2¢, 3 6, a 

~ 

~ 
30.9 2.10 

55.0 12.6 

1 
~ 

al 
~ 

32.3 0.3U 

50.4 14.3 

36.3 4.1U 

45.9 15.7 

1 
2 

Model valueB 
U inner wing 
o inner wing 

~7 .3 .30 

40.9 0.5 

b1 , b1 

a 1 
1~, al~ 

~, 1 

33.~ 2.Ji: 

46.a 13.E 

1k, 11 
If 

OC 
(deg) 

up 
V down 

(tpa) 

54.0 1.00 

3a •2 9.6 

1~, It 
a 1 a 1 
~, ~ 

51.41o.4u 

37 .2 10.9 

2!, 2~ 

51.2 O.lU 

36.4 11.2 

2~, 2~ 

r,1 
(deg) 

~ 

(rad/eeo) 

Turns fer recover" 

- 1 

17 
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TABLE VIII.- SPIN AND RECOVERY CHARACTERISTICS or J. RESEARCH HODEL WITH WING 6 
INSTALLED 

~pln data presented tor allerons neutral, rudder wlth the eplnj turn. tor reoovery 
measured when rudder alone is reTeraed rully and rapldly, exoept as noted; key to 
table g1ven at bottom of pai~ 

Moments ot inertia Mgment. of inertia 
Deoreased 

45.6 5.)1: 

1t1.1t 12 . 

bl , lk 
a a 
1, 1 

1t9 .1t 1.6t 

3~.2 3.~ 

1~ 

1t9 .7 2.1D 

37 .7 It. It 

1~. 1~ 

cJ 

4-4-.< 6. 1I 

39.1 13.b 

It. 5~ 

- --
4-6 .0 5 .~D 

39.1 IIt.3 

2. 2~ 

Basl0 

7 . ~ 5.ltD 

40.0 10.6 

b1 • 11 
If 

a a 
1. 1 

53.C 2. 7D 

35·~ 12.1t 

1 1 
21f. 2Jr 

53.6 2.7D 

}5.9 12.7 

1 1 
21f' 21f 

~1t.7 6.00 

~.It 12.1 

5~ 

4-6 .. 1t.30 

39. 12.9 

9 

Increased 

53.7 3.7D 

35.2 9.7 

1~. 1~ 
a 1 a 1 

IIf. < 1~ 

5~.7 2.6D 

35.0 11.1 

2k· ~ 

57 . 2 2.3D 

35. 1t 11 · 3 

1 1 22 , 22 

(0 ) 

1t7 . 2 1t.5D 

ItO . It 10 . 6 

bd 
Q:) 

50 .5 3. 1D 

35•2 11.3 
b bd 
> 5. = 

Elevator 

Up 

Neutral 

Down 

EleTa~or 

Up 

Neutral 

Down 

aRecovery by reTereal ot both rudder and elevator. 
bvlsual observation . 
°The spin 1. steep and oscillatory. 
d 00 means model would not recover. 
eVery oecillatory. 

Decreas ed 

( 0 ) 

45.1 6 .ltD 

35•6 13.3 

2. 2 

4-4-.6 3 .0D 

37.7 13.9 

1~. 21 
If 

Basl0 

1+7.1 1t.3D 

3~.6 12.1 

21 b 
2' 3 

1t7.0 2.70 

37.7 12 .5 

2~, I+t 

Increased 

0) 

51.4 3 .~D 

3~.2 10.5 

~.~ 

1+9.5 1+.00 

37.2 11.2 

*.3~ 

~ 

eJ 

1t9.( 7.7D 

1t0.9 12.6 

Ii 
If 

ab 1 a 1 
IIf. 1~ 

(e ) 

1t5.! 7.7I 

37. 13.9 

1 b 1 
l~. 12 

(e) 

1t3.3 7.0I 

37 · 2 IIt.5 

1~. 11 
~ 

Model values 
U inner wlng 
D lnner wing 

(e ) 

1+5.2 0:00 

35.2 12.9 

bIt. b1¢ 
(e ) 

1+5. 6 6 . 9 

35 . 2 13· 

2. 2 

ex:. 
(deg) 

up 
V do ... n 

(!ps) 

Turns 

1+7. ( 6 .10 

4<l. ~ 9.5 

11 
If 

ark 

4-4-.e 5 .7I 

1+0.9 11. 

1~. It 

4-4-. ~ 9.3I 

4<l.9 11.9 

1~. 2 

'1 
(deg) 

.n.. 
(rad/seo) 

for 
reo overy 
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TABLE IX.- SPIN ANO RECOVERY CHARACTERISTICS OF A RESEARCB MODEL WITH WING ( 
INSTALLEO 

[!ipln data presented for al1erons neutral, rudder wlth the epln; turns for reoovery 
meaeured when rudder alone ls reversed fully and rapldly, exoept as noted; key to 
table gIven at bottom of pa~ 

Momenta of inertia Moments of inertia 

Decreased BSBic Increased 

53.0 0.70 

39.1 11.6 

a1~, 1¢ 

bl 1 b
l l 

"2"' "2" 

59.3 0.10 

34 .1 14.0 

~, 3~ 

59.0 LID 

39.6 11.5 

~,~ 
b21 b4 Ii' 

! 6 ; 5 .0 0.20 

135.4 13.6 

la => 

57.6 0.30 

35.0 14.3 
a = 

~ 
54.7 0 

37.2 10.7 

l~, l¢ 

blit, b2! 

59.6 0.20 

34 .1 12.6 

3!, 3~ 

59.0 0.90 

34.1 13.0 

3~, ~ 

51.4 1.20 

40.4 10.2 

10, 10 

b bc 
3, co 

59.4 1.00 

34.6 12.9 
ac 

GO 
-----

61.3 1.00 

34.1 13.2 
ao 

CO 

aVlsua1 observatlon. 

56.2 p.gO 

36.6 ~.6 

2, 2 

b2¢, 
b 

3 

62.7 P·3D 

35.4 11·3 
1 
~, ~ 

62.9 0.90 

35.0 1.7 

a~, ~ 

53.5 p.60 

39.6 ~.2 
a 

GO. 00 

ab b 
( 0 = 

60.5 .00 

35·0 1.5 
ac c 

I CO 
I 

co 

63.2 .60 

34.1 2.0 
aC C 

CO GO 

Elevator 

Up 

Neutral 

Down 

Elevator 

Up 

Neutral 

Down 

~ecovery by reversal of both rudder and slevator. 
~ co means model would not recover. 

The spln ls steep and oso111atory. 

Decreased Bael0 Increased 

(d) ~ 
49.7 1.0D 

41.4 6.5 

4, 5~ 
b3 , b4j 

54-.6 1.3U 53.5 1.3U 55.4 0.40 

35.4 12.6 36.4 ~1.6 36.6 10·5 

6~, 7~ 
ac aC 

20, co 
aC 

CO 

53.6 1.3U 53· 7 p.20 55. 2 0.30 

35.0 13. 2 35.9 2.3 35.9 11.0 

5!, 61 
"2" 

a a 
10, 11 

ao 
CO 

42.6 1.30 51.3 ".50 54.6 2 . 40 

4-3.2 10.6 36 .6 ~0.9 36.2 9.9 

I, l~ + 2t 1~, 1~ 

\~, b 
2 b2 , ab 1 

22' "'2~, b2~ 

33.9 2.50 49. ( 1.00 54-.1 0.40 

46.6 14 .6 37 .7 12.3 35.9 11.1 
f-i-~ 

l Ir, IIi 1 1 
2"2"' 2"2" 

1 
2"2"' 3 

-
31.5 0.9U .2U 53.9 1. 3D 

49.6 17.2 4.3 35.9 11.5 

1 2 ~, 3i 

Model values 
U inner wing up 
o 1nner wing down 

oc. rI 
(deg) (deg) 

V .n... 
(rp.) (rad/eeo) 

Turn. tbr 
recoTsry 

19 
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TABLE X. - SPIN ANO RECOVERY CHARACTERISTICS OF A RESi:.U\CH MOOEL WITH WING g 
INSTALLEO 

~p in data pr esented for aileron. neutral, rudder with the .pln; turn. for recovery mea.ured 
~hen rudder alone 1. r ever.ed tully and rapldly, except &s noted; key to table given 
at ' bottom of pag~ 

Moment. of lnertla 

Oecreased Baslc I ncreased 

43 .5 0 . 50 

~ .10 11. 0 

1 

al 
~ 

55 .1 0.7U 

35 .9 13. 6 

2!, 2! 

52 .9
1 

2.1U 
-

35 .9 14- . 2 

2!, 2k 

cJ 

-----

1 
3~, 4 

1 51.1 1. 9U 

I 37.2 14. 2 

i 5, 5 

~ 
51.2 1.20 
~ f--
40.9 10 . 2 

1 11 1~, ~ 
a 1 
1~, 

a 1 
1~ 

55.7 0.20 

36 . 4 12 .1 

2~, 2~ 

54 . 4 0 .4u 

36 . 4- 12 . 5 
1 1 

2~, 2~ 

~--

52 . 3 0.3U] 

37 .7 12.2 

b b 
S, 12 

Elevator 

52 . S 1.60 

39 . 6 9 .4 Up 
-1-~ 

1~, 1~ 

a 1 a 
12"' 2 

60.5 0.50 

36 . 4 1.2 Neutral 

2¢, 3 
"---

60,5 0 .50 
- ---
36 . 4- 1.5 Down 

b31 31 
~, ~ 

Elevator 

40 . 4- 3.9D 

49.6 g.5 Up 

1 
1---

a1 

- - -
55.3 .00 

37 . 2 0.9 Neutral 
~d--

20, . \" 

~~~l 
~::~ Oown 
bd 

0-> 

aRecove ry by r eversal of both rudder and elevator. 
bVl.ual ob.ervstlon. 
cThe spin i. eteep and o.c1l1atory. 
d 00 meane model would recover. 

Moments of inertia 

Decreased Basic Increased 

(c ) 

(eJ 

4-6. 2 2.2U 

40.4 13.1 

! ' 
[47 . 7 2. 7U 

40.0 13 .1 
I--- r-

2, 2~ 

29 . 9 6.30 

52 .3 12.6 

1 

sl 
~ 

~ 
(e ) 

46 . 5 1.H 

3S.6 11.2 

~,~ 

4-5.3 2.00 1 

3S.2 2.1 

3~, ~ 

47.3 5.gD 

4-7.S 0.5 

a 
al 

2 

(e ) 

52.2 0 . 4D 

39.1 10 . 3 

50.0 0 . 3U 

3S.6 10.S 

5, 5~ 

4-9.3 1. 7D 

4-0.9 9.5 
~-l -
I 1'2' 12" 
s a 

2, 2 

32 .1 5.5D 

3S.6 10.9 

2~, 2~ 

( C) 

33· 3 1.0D 

52.3 15.0 
~H rn Lj~ 

Model value. 
U lnner wing up 
Dinner wlng down 

oc ~ 
(deg) (deg) 

V 1>. 

(fpa) (r&d/eec 

Turns for reoover.r 

- -- ------
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Wing 1 

.lng 2 

Wing 3 

W1ng 4 

Wing 5 

Wing 6 

... tog g 

TABLE XI.- BPIN OBARADTJlU8TI08 or A. USEAROB MODJ:t, YITB .ALL COR'l'ROLa R'IOTRAL 
[!urn. tor r800 •• rJ' .ea._urad when rudder 1 •• 0 .... 4 1;0 full againat the ep1n and the ale"'ator 

1_ .OTecS. to tull down; U7 to table 81,..80 at boUoa ot P«B....!J 

Homent. or lnertia Xomentl or inertia XC_Dts or inertia 

Deoraa •• d 8 .. 10 Inereaud D.er .... d Bado Iocr .... d Ba.,10 locr ••• ed 

~ 
,--,--, r-.-~ 

50 •6 Io. 2D 58•0 1' ·3D 61.8Io .6D 

36. 8 1' 3. 0 35·°11.2 . 1 :.::~t':! 
80 12 • • CO 00 

~
53' 

No pln 35. 12. 

3¢o 4 

"0 

[J 
,.~~ ~E9~ [] 

I--l-~~ ~~ §§§§'~ [] 

~ 00 mean. aode1 would not r.oo ... .,r. 
abo type. or apln. 

51 .~ 1.70 

35.{ 13. 

50 5 

d Very steep spin . 
No .pin tor any lloMent-or-inertia condition. 

2.8 10.2C 

1. 2 111.! . • CD a:> 
----

54.~ 1. 3D 

37. n 10.6 . 
d) 

Model .alue. 
o lnner wlng lq) 
Dinner wlng dClfD 

a: 
(d.g) , 
(tl>.) 

I ara ~ I 

'I 
(d.g) 

.n 
(rad/ ... ) 

'f\arn, tor 
1'800.817 

[J 
[J 
[J 

21 
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TABLE XII. - EFFECT OF WEIGHT VARIATION AT CENTER or GRAVITY OF A RESEAROH 
MODEL UPON THE SPIN AND RECOVERY ClURJ.CTERISTICS; WING 1 INSTALLED 

@a t a for weight in at oenter of grav1 t y obt a i ned from ourrent t ests with momenta of 
inertia deoreased; data f or weight ~ a t osnter of gravity obtained rPo. referenoe 5 
w1th r elative dens1ty deoreased. Spin data presented tor aileron8 neutral, rudder 
with the spin ; turne t or reoovery meaaured when rudder alone ~. revereed fully and 
rapidly, exo ep t as noted ; key to table given at bottom of pag~ 

We1ght at center of grav1ty We1ght at center of grav1ty We1ght at center of gravity 
In 

50.2 1.gD 

40.9 11.5 

1 11 1~, ~ 

a a 
I, 1 

53.2 0.6u 

36.4 13.6 

1 

Out 

49 . 5 2.6D 

32.15 10.6 

11 
~ 

a a 1 
I, Itf 

52 .6 1.0D 

29 . 7 12 · 3 

1 

Elevator 
up 

Elevator 
neut t'lll 

In Out 

-~ 
44 . 7 3· 7D 

43 .2 10 . 7 

21 <i ~ , 

a 1 
Itf 

49.70 . 3U 

42 . 3 16.3D 

37. 7 ~ . 9 

1~ 
al 
~ 

47.1 0. 5D 

Elevator 
up 

Elevator 
32.7 12.2 neutral 

In Out 

44.4 5.3t 45.2 4.gD 

42.3 10.15 36.15 9.7 

2t, 3~ 3! 
a a 1 
I, Itf 

a 
1 

~2 . g 0· 3U 55·3 1.5D 

1}5.0 13.1 215.7 12.7 
c 

2~, 2k 12, It 1~, 2 CO 5~, ~ 

53.1 1. 3U 52.15 O. lD 
--

35.9 14.0 1 29 .2 12. 6 

2~, 3 
b 1 12, l~ 

Elevator 
down 

50·3 0.7U 

36.15 13 . 1 

1 1 
3~, ~ I 

-r--

44.5 1. 4u. 
- --I--

Elevator 
33.2 13.1 down 

1 

aRecovery by reversal of both rudde r and elevator. 
bV1aual estimate. 

Model values 
U inner wing up 

53.0 

35.0 
b 
7, 

c CO means mGdel d1d not recove r. D inner wing down 

1.7U 56.4 D.gE 

13. 7 215.2 13.4 
b 
9 6 

oc ~ 
(deg) (deg) 

V J4 
(tpa ) (rad/seo) 

Turns for 
r eoovery 

---
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TABLE XlII.- EFFECT OF WEIGHT VARIATION AT CENTER OF GRAVITY OF A RESEARCH 
MOD&:L UPON THE SPIN AND RECOVERY CHARACTERISTICS; WING 2 INSTALLED 

~Pin data presented for ailerons neutral, rudder with the spin; turns for reoovery 
measured when rudder alone is reversed fully and rapidly, except as noted; key 
to table given at bottom of pag~ 

Weight at center of gravity Weight at center of gravity Weight at center of gravity 

In Out 

~ 
49.2 2.7D 49.3 i2.9D 

36.S 11.9 30.7 P.o.S 

1 
2, 2zr 1¢ 

a1¢, a1¢ a 1 a ¢ 
1'2", 1 

54.~ 1.4D 

Elevator 
up 

33.6 14.0 No 
IE 

spirjn 
levator 
eutral 

3, 3 

51.6 0 

In Out 

~ (b) ,lrC,,-) _.,-----, 

52.4 0.4D ' 
\--+----1 

Elevator 
up 

34.1 13.~ 
Elevator 

No spin neutral 

~,4¢ 

51.0 O.SD 
Elevator 

In Out 

~cl!l t::? 
73·3 3 .00 

49.a 2.5D 4-7.1 4-.1D 

23.3 16.0 
3S.6 11.5 32.4 10.6 

d d 
00, 00 

d,t 
00, 

drOOl 1'25 

at 1 a ¢ 
2zr, 2 

a tu 
a1~ a2 

(e) 

50.5 2.3D 
71.5 2.9D 
54.1 2.0D 

22.4 16.2 
35. 4 13.4 27.S 12.4 

f d 
co = 

dtl'" 42', 5 

52.30.7D 

33·2 14.2 
--1-- Elevator 

No spir down 34.1 13. 4 No spin down 34.6 13.g No spin 

1 21 22 , 2 
e 1 
32' 4 
--~ 

~ecovery by reversal of both rudder and 
The spin is steep and oscillatory. 

°Ooes into a spiral glide. 
d 00 means model would not recovery. 
eTyo typss of spin. 
fVisual observation. 

elevator. Model values 
U inner wing up 

ex. rp 
(deg) (deg) 

D inner wing down V .J'l.. 
(tps) (rpe) 

Turns for 
!'ecovery 

23 



24 NACA Tl'IJ No . 1575 

. TABLE XIV._ EFFECT OF WEICIIT VARIATION AT CUTER OF GRAVITY OF A RESEARCH 
MODEL UPON THE SPIN AND RECOVERY CHARACTERISTICS; WING 3 INSTALLED 

~pln data presented tor a11erone neutral, ruddsr w1th the sp1n; turn! tor neoovery 
measur ed when rudder alone 1s reversed tully and rap1dly, exoept ae noted; key 
to table g1ven at bottom ot pag~ 

We1ght at center ot grav1ty Weight at center ot gravi~ Weight at center ot grav1ty 

In Out 

~ 
29.5 1.10 

54.6 12.1 
al 
2 

abl 
~ 

No sp1n 

No spin 

37.4 3. 40 

40.4 10.1 

¢ 
bl bl 
~, ~ 

36.9 1. 7U 

3g.g 12.6 

1 
1, l~ 

Elevator 
up 

Elevator 
neutral 

Elevator 
No spin down 

In~t 
Ta1~~ _ 

(c) r.,;-c)'----,-_---, 

No sp1n 

No sp1n 

26.0 3.51 
Elevator 

52 . 3 9.7 up 

Elevator 
No sp1r neutral 

Elevator 
No sp1n down 

- -

In 

33. 0 

54.6 

~, 
bl 
~' 

34.7 
r-
47.g 

1 

3g.5 

44.6 

1 

aV1susl est1mate . 
~ecovery by both rudder and elevator reversal. 
crbe sp1n 1s steep and oso1llatory. 

Model values 
U 1nner wing up 
Dinner w1ng down 

Out 

5 ·3t 32 .5 5.00 

11.e 45.0 10.5 

1 
2 1 

bl ~bl b
1 

~ ~' ~ 

1.7U 37.0 0.3U 

13.6 3,.g 12.3 

1 ' 11 12, 2 

4.1U 3g. 2 3.6u 

14. 3 36.e! 13.1 
--'-

1, 11 
If 

(~g) J(d~g) 
(~s) I (~s) 
Turns tor 
reoovery 
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TABLE XV'-EFFECT OF WEIGHT VARIATIONS AT CENTER OF GRAVITY OF A RESEARCH 
MODEL UPON THE SPIN AND RECOVERY CHARACTERISTICS; WING 4 INSTALLED 

~pin data presented for ailerons neutral, rudder with the spin; turns for recovery 
measured when rudder alone is reversed fUlly and rapidly, except as noted; key 
to table given at bottom of pag~ 

We1ght at oenter of grav1ty Weight at oenter of grav1ty Weight at oenter of grav1ty 

I 

I 

In Out 

31.6 0.4u 

52·3 H .!! 

1 
2" 

a 1 
2 

No sp1n 

No spin 

34.6 1.30 

40.~ 10.!! 

bt, 1 

~bt, aba-

~g.~ 0.6u 

~!!.6 2.11-

ibl , b
l 

Elevator 
up 

Elevator 
neutral 

Elevator 
No ~pin down 

In~ 
Tai: _B_~ 

(c) ,.:.c..:.;,'----._, 

No ~pin 

No spin 

Elevator 
up 

Elevator 
No spin neutral 

Elevator 
No spin down 

Mode~ values 

In Out 

27.5 1.gO 31.6 5.7D 

61.5 12.1 11-5.0 10.11-
--~ 

1 
2 l~ 

abl a l 
Jr' ~ 

al 
~ 

29.6 ll2.lt 36.2 0.6u 

56.!! 111-.0 311.3 12.3 

1 
2" 

1 1 Itr, Itr 

(d ) 

No spin 

cc. C! aRecovery by reversal of both rudder and elevator. 
bVisual observation . 
cThe sp1n is steep and osc1llatory. 
dData not obtained. 

U inner wing up 
Dinner wing down 

(deg) (deg) 

V ~ 

(fps) (rps) 

Turns 1br 
reoovery 

--, 

25 
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TABLE XVI._ EFFECT OF WEIGHI' VARIATIONS AT CENTER OF GRAVITY OF A RESEARCH 
MODEL UPON THE SPIN AND RECOVERY CHARACTERISTICS, WING 5 INSTALLED 

~Pin data presented for ailerons neutral, rudder with the spin; turns for recovery 
measured when rudder ·alone is reversed fully and rapidly, except as noted; key 
to table given at bottom of pa~ 

Weight at center of gravity Weight at center of gravity Weight at center of gravity 

In Out 

46.5 0.9D 41.C O.~D 

41.4 11.2 39.1 10.b 

1 1, 1~ 1 b 
~' 

1 
1----
a a 
1, 1 

abl 
~ 

3~.4 2.4u 

134•2 12. 

1 

52. 3.6U 

34.614.0 No spin 

I 

Elevator 
up 

Elevator 
neutral 

Elevator 
down 

In 

(c) 

41.1 

40.9 

1, 

~3.1 

~9.1 

1, 

Out 

~ (c) 

4.~ 

13. 

1 

3. 6l 

13.1S 

b 
1 

Elevator 
up 

No 
Elevator 

spin neutral 
1-----'---1 

Elevator 
No spin down 

Model value s 

In 

36.5 1.~ 

47.~ .10.5 

1 
2" 

abl al 
If' 2" 

/d) 

47.5 1.~U 
33.5 o· 
40.4 12.7 
46.~ 12.6 

1 1 
2~, ~ 

(d) 

53.0 3·0U 
45.9 3.1U 
35.9 113.4 
40.4 13.6 

1 
3, 32" 

Out 

31.5 2.~D 

44.1 10.1 

1 

a l 
2" 

(e) 

30 • 4 11.5U 

42.2112.6 

1, 1 

(cJ 

39.6 /13.7 

1, 1 

ex:. r; aRecovery by reversal of both rudder and elevator. 
bvisual observation. U inner wing up (deg) (deg) 
cThe spin i8 steep and oscillatory. 
dTwo types of spin. 

D inner wing down 
V .r>. 

( fpsl (rps) 

Turns for 
reoovery 
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TABLE xvI!.- EFFEOT OF WEIGHT VARIATIONS AT CENTER OF GRAVITY OF A RESEARCH 
MODEL U'PON THE SPIN AND REOOVERY CHARACTERISTICS. WING 6 INSTALLED 

~pln data presented tor ailerons "eutral. rudder wlth the spln; tl1rns for recovery 
measured when rudder alone is r~vereed fUlly and rapidly. exoept as noted; key 
to table given at bottom of pag~ 

Weight at oenter of gravlty Weight at oenter of gravity Weight at oenter of gravity 

In Out 

lj.5.6 5.3D lj.2.9 g.OD 

41.4 12.1 36.3 10.9 
a l~ 1. 1 11 l~. 2 

b b 
1. 1 b¢. ab¢ 

47.0 3.60 

31.4 12.g 

1 1 
l~, l~ 

49.7 2.1D 45.0 3. 40 

37.7 14.4 32•4 13·3 
1 11 l~. ~ 

1 1 
1~, 1~ 

Elevator 
up 

Elevator 

In Out 

~ 
(0) (Fa )'---r---, 

(0 ) 

neutral 3g.6 13.3 34.1 2.6 

2, 2 2, 2~ 

44.6 3.00 41.4 6.20 

Elevator 
up 

Elevator 
neutral 

Elevator 

In Out 

~ 
(o~)_~_~ ~(o:!...) _.-------. 

l44.2 6.10 

39.1 13. 6 35.4 12.1 

4, 5~ I ~. 2~ 

46.c 5.SD 46.5 5.gD 

Elevator 
down 37.7 13·9 33.2 13.0 down 39.1 14., J3·3 13.4 

1 1 
l~, 2lj:" 2, 2¢ 1, 1 

1 
~ 1~, 

aVisual observation. 
~eoovery by reversal of both rudder and elevator. Model value s ex. 'I 

(deg) (deg) cThe spin is steep and oscillatory. U 1nner wing up 
D lnner wing down V ~ 

(!ps) (rps) 

Turne tbr 
recovery 

27 
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TABLE XVIII.- EFFECT OF WEIGHT URunOKII ~T CENTER OF GRAVITY OF ~ RESUROH 
MODEt. UPON THE SPIll .lND RECOVERY CHARACTERISTICS, WING 7 INSTALLED 

~Pin data presented top aileron. neutral, rudder with the spin; turns for reoover1 
measured when rudder alone is reverwed fully and rapidly, except as noted; key 
to table given at bottom of page] 

Weight at oenter of gravity We1ght at oent er of gravity Weight at oenter of gravit1 

In Out 

-~ 
53.0 0.70 

39.1 11.a 
a 1 
l~, Ii 

bIb 1 
1~, l~ 

59.3 0.10 

34.1 14.0 

5a.i: 0.40 

34.1 14.3 

2t. 3 

4a.~ 0.& 

33.1 10. 
1 

l~, l~ 
b b 
1, 1 

56.2 0.5U 

2a.7 12.5 

1 21 2Ti' 2 

53.1 1.4U 

2a.7 13.0 

1 
22"' 2i 

aV1eual observation. 

Elevator 
up 

Elevator 
neutral 

Elevator 
down 

In Out 

(0) 
~ 

(0) 

54.6 1.3U 

35.4 12.a 

53.6 1.3U 

35.0 13. 2 

1 6! 5Ir' 2 

45.5 0.20 

~3.6 12.4 

1 
2~, 2i 

46.9 2.60 

3l.a 13.0 

1 1 
2Ti' 22 

!:levator 
up 

Elevator 
neutral 

Elevator 
down 

Model values 

In Out 

~ 
59.0 1.10 

39.6 11.5 

4!,~ 
b 1 b4 2it, 

56.0 0.20 

35.4 13.6 

a 
CO 

57.a 0.30 
. 

35.0 14.3 

a en 

45.3 1.7D 

35.9 10.5 

1 21t, 2¢ 

b b 1 
1, Ilf' 

51!. I 0.60 
t--- -;---., 

ex 

21!. 13.3 
---~ 

a a 
13, 15 

57.1 0.4U 

2a.7 13.7 

a 1 
11, 112 

rJ bRecovery by reversal of both rudder and elevator. 
crbe spin 18 steep and osciUa to ry. o inner w1ng up (deg) (deg) 

o inner wing down V .no 
((pe) (rps) 

Turn. tbr 
recover1 
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TABLE XIX.- EFFECT OF WEIGHT VARIATIONS AT CENTER OF GRAVITY 0' • RESEARCH 
MODEL UPON THE SPIN AND RECOVERY CHARACTERISTICS, WING g INSTALLED 

@P1n data presented tor a1lerone neutral, rudder w1th the sp1n; turns tor recovery 
measured when rudder alone 1s reversed tully and rap1dly, exoept as noted; key 
to table g1ven at bottom ot pag~ 

29 

We1ght at center ot gravity Weight at oenter ot grav1ty We1ght at center ot grav1ty 

In 

1+3.5 0.50 

l+l+.l 11.0 

1 

a l 
If 

55.1 0.7U 

35.9 13. 6 

1 1 2lj:, 2lj: 

52.9 2.lU 
I 

Out 

1+2.1+ 2.50 

3S.7 9 · 9 

1 

al 
~ 

1+S.7 1.3U 

Elevator 
up 

Elevator 
30.5 12.3 neutral 

2, 2 

. 45.1 2.0 

In Out 

(b) 
~ 

(bJ 

(b) (b) 

1+6.2 2.2U 

1+0.1+ 13.1 

47.7 2.7U 

IE 

Elevator 
up 

Elevator 

In Out 

~ 
(bl ;-;( b::.c) ---,,-----, 

50·7 0.2U 

neutral 37.7 13.1+ 31.0 12.5 

Jk, 4 1 
3Ir' ~ 

51.1 1. 9U 1+S.9 1.9U 

35.9 11+ .2 31.S 13.0 
Elevator 

down 40.0 13.1 No sp1n 
levator 
down 37.2 11+.2 31.0 12.9 

1-. 
1 21 2lj:' If 

1 
2, 21f 

3 l~ llj:' 

~ecovery by reversal ot both rud~er and elevator. 
bThe sp1n 1s M;eep and osclllatory. 

5, 5 

Model values 
U .inner wing up 
Dinner w1ng down 

1 
3, 3lj: 

oc 11 
(deg) (deg) 

V .£l. 

(rrs) (rps) 

Turns tor 
recovery 
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Figure 1. - A model spinning in the Langley 20-foot free-spinning tunnel. 



- I I 

, . 



NACA TN No . 1575 33 

c 
.... --------3o.0(fI-------~ 

Figure 2.- LOW-Wing monoplane model with detachable tail and wing . 
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Figure 3. - Low-wing monoplane model. 
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Wings 1, 2, 

I~ 5.}411 ~I6511 5 and 6 

! 
30,00// 

Wings 1 and 2 <::::::::::: ::::::::::-'" , 

] { S.;011 
60" Wings 3 and 4 £ 

( ) 

T 
~81,/ 

Wing 5 -=::: ---E-
t 

Wing 6 
~1 .02" 

~ ----- , 

Wing 7 

-,.-L 
3.16 

/I 

Wing 8 ----------__ L-------~~ 
-=--------------__ ~~----------~-1 
~-------------------~~----------~~ ~ U5'/ .29 

Figure 4. - Diagrams showing plan forms and frontal views of 
wing models. 





Wings 1 and 2 

Wings 3 and 4 

Wi ng 5 

Wing 6 

Wing 7 

Wing 8 

~ 

Figure 5. - Wing models used in tests. 
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Wings 1,2, 
5 and 6 

Wings 3 and 4 

Wing 7 

WingS 

Figure 6. - Interchangeable wings of low -wing monoplane modeL 
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Thrust line 

T ail A 

. .-
Thrust line 

Tail B 

~ 
1/ • r_ __ 3.78 ~3&' _ 

,/ ~ " __ - L,-7 
Thrust line Thrust line ~ 

T 
7,78 

II 

Tai] C Tail D 

~ 

Figure 7.- Tails used on low-wing monoplane. 
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Tail A B C 

Figure 8. - Interchangeable tails of low -wing monoplane model. 
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