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THE EFFECT OF VARTATIONS IN MOMENTS OF INERTIA ON SPIN AND
RECOVERY CHARACTERISTICS OF A SINGLE-ENGINE LOW-WING
MONOPLANE WITH VARIOUS TATL ARRANGEMENTS,
INCLUDING A TWIN TATL

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 relative 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. In order to make available 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 arrangemsnts and four
different tail arrangements, including a twin tail, were investigated.

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 1nertia about
the three airplane axes were Increased or decreased by a constant per-
centage. Such changes would occur on an alrplane 1f items 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 welight correspondingly in order
to keep the radil of gyration constant. For the present tests, corre-
gsponding moment-of -inertia variations were made but the weight was main-
talned constant.

The tail arrangements varled from a short rudder above a shallow
fuselage to a full-length rudder and ralsed horizontal tail on a deep
fuselage, and also included a twin-tail design. The wing variables were:
tip shape, alrfoil section, plan form, thickness, and landing flaps.

SYMBOLS
b wing span, feet
S wing area, square feet &
c wing mean chord, inches <%)
x/c ratio of distance of center of gravity rearward of

leading edge of wing mean chord to wing mean chord

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

m mass of airplane, slugs
o) alr density, slug per cubic foot
" airplane relative-density parameter _Ei>
pPShb

Iy Ay 07 moments of inertia about Xé Y, and Z body axes,

respectively, slug-feet
ky, ky, ky radil of gyration about X, Y, and Z body axes,

respectively, feet »
Ix - Iy
R inertia yawlng-moment parameter -

mb2




b At
inertia rolling-moment paramster
mb2
IZ - IX
5 inertia pitching-moment paramster
mb
A7 - NEy
I I inertia rolling-moment and yawing-moment parameter
Zi
a angle betwsen thrust line and vertical (approximately
equel to absolute value of angle of attack at plane
of symmetry), degrees
) angle between span axis and horizontal, degrees
\ model rate of descent, feet per second
Q modsl angular velocity about spin axis, radians per

second

APPARATUS AND METHODS

The tests were conducted in the Langley 15-foot free-spinning
tunnel which has since been superseded by the larger 20-foot free-
spinning tunnel. A gensral description of model construction and testing
technique in th=s Langley 15-foot free-spinning tunnel is given in
reference 6. Ugse of a launching spindle has, however, been replaced by
launching the model by hand into the vertically rising air stream. A
photograph of a model spinning in the Langley 20-foot free-spinning tunnel
is shown as figure 1.

The basic condition of the model for the present investigation was
gsimilar to ths basic condition refsrred tc in rsference 5. The model is
considered to represent a i;-scale model of a current trainer cor a four-
place cabin monoplens. Figurs 2 is a two-view drawing of the basic model,
and photographs of the basic model are shown as figure 3. The wing and
tail surfaces were indspsndently removable and interchangeable to permit
testing any combinatior. The exchange of surfaces could be made without
any change in mass distribution. The mass distribution, howsver, could
be independently varied by th=s relocation of weights.

The various wing configurations used ars shown in figure 4 and are
designated as follows:

Wing 1 - NACA 23012 ssction; rectangular plan formj Army tips.

Wing 2 ~ Same as wing 1 with 2)-percent full-span split flaps
deflected 60°.
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Wing 3 - NACA 23012 ssctionj rectangular plan form; rectangular
tips.

Wing 4 - Same as wing 3 with faired tips.
Wing 5 - NACA 0009 sectionj rectangular plan formj Army tips.

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

Wing 7 - NACA 23012 section; 5:2 taper ratlo; Army tips.

Wing 8 - NACA 23018-09 section (standard Army wing); 2:1 taper
ratio; square center; Army tips.

Photographs of the wings are shown as figures 5 and 6. Figures 2
and 3 show the model with the basic wing (wing 1) and tall 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 square
inches, a span of 30 inches, and no dihedral, twlst, or sweepback. The
other seven wings have varied dimensional characteristics as indicated
in figures 4 and 6.

Each wing was mounted on the model at an angle of incidence equal
to the angle of zero 1lift for the particular section.

The four taill configurations used are designated talls A, B, C,
and D and are shown in figures 7 and 8. Tail C had a shallow fuselage
with rudder completely abovs 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. Tall A was similar to tail B except for full-length rudder
congtruction and slightly increased elsvator cut-out. Tail D has the
same areas and tall lengths as tail C. The vertical tall area was redis-
tributed to form two vertical taills of circular plan form, each having
half the original area. The dimensional characteristics of the varlous
tail arrangements are given in table I. The tall-damping power factor
was computed by the method described in reference 7. Ths stabllizer was
get at zero incidence for each tail. Thosre was no fin offset. A
clockwork delay-action mechanism was installed in the model to actuate
the controls during recovery tests.

The full-scale dimensional characteristics for this model (assumed
1/15 scale) with any one of the wings shown in figure 4 and with tail C
installed would be:
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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 l/l5 gcale, the corresponding
characteristics for the basic loading and for the loadings 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:
s R : SR o |
T L T T T T N TR i |
VISRORCE GRSl T, a LG 5 o O o B9
s R . . 5 5o 6 A
Turns for recovery 1
when obtained from motion-picture records . . . 5 sl o tg
when obtained by visual estimate . . . . . . . . . . 5 0 o o :5

- The preceding limits may have been exceeded for those spins for

which 1t 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 accuracy of measuring the weight and mass distribution of the
model 1s believed to be within the following limits:

Welght, percent . . . . . B e L
Center-of -gravity location percent ot T L
Moments of inertia, percent S5 o 0 65 00 o oo ob G de o0 b

The controls were set with an accuracy of AL

Tests made at the basic, or normal, loading were repeat tests, and
the results agreed fairly well with corresponding results of reference 5,
although the agreement was not always exact as a result of inadvertent
slight damages to the model resulting from testing.

TESTS

For each wing and tail combination with each set of values of the
moments of inertia, spin tests were made for four control settings:

(a) Rudder 30° with the spin, elevators 30° up
(b) Rudder 30° with the spin, elevators neutral
(c) Rudder 30° with the spin, elevators 20° down
(d) Rudder neutral, elevators neutral

Recovery from (b) and (c) was attempted by reversal of the rudder,
recovery from (a) by complete reversal of both controls as well as by
reversal of the rudder alone, and recovery from (d) by moving the rudder
full against 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 to XIX present a comparison of results
obtained with the moments of inertia decreased with the corresponding
results previously obtained with the relative density decreased and thus
afford a determination of the effect of variation in weight at the center
of gravity. All results are presented in terms of model values. Conver-
gion to full-scale values may be obtained by methods described in
reference 6.
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Effects of Moment-of-Inertia Variations

Tables ITI to X indicate that, when the rudder was initially with
the spin, the qualitative 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, decreasing
the moments of inertia led to steeper spins and more rapid recoveries;
whereas increasing the moments of inertia led to somewhat flatter spins
and slower recoveries. The angular and vertical velocities in the spin
increased as the moments of inertia decreased, and vice versa.

Table XI presents the results of tests for decreased, basic, and
increased values of moments of inertia when all the controls, including
rudder, were neutral. When the twin tall, tail D, was installed, no spin
was obtained for any wing arrangement or any moment-of -inertia condition.

As previously indicated, the results presented in reference 5 were
for loadings with varied relative densities which were obtained by
changing the moments of inertia and at the same time changing the weight
to keep the radii of gyration constant. Comparison of the current results
with those presented in reference 5 indicates that, for the range of mass
variation considered in this investigation, systematic changes in moments
of inertia will affect the recovery characteristics in a manner similar
to that brought about by changes in relative density involving similar
moment-of-inertia variations, particularly when the elevators are up. It
thus appears that the changes in moments of inertia associated with a
change in relative density are primary factors affecting the spin recovery.
In tables XII to XIX, results with moments of inertia decreased are
compared with results for relative density decresased for the different
wing arrangements. The condition with moments of inertia decreased repre-
sents the model with weight in at the center of gravity; whereas the
condition with the relative density decreased represents the model with
the weight out at the center of gravity. The difference in weight was
approximately 25 percent. When the elevators were up, the recovery charac-
teristics for the two loadings were quite similar although the rates of
descent and the angular velocities in spins were higher with the weight in.
When the elevators were neutral or down, the results were not always
congistent, but a small adverse effect upon recovery characteristics
appeared to result from adding weight at the center of gravity.

Although no comparison is presented hsrein, the test results with
moments of inertia Increased may be compared with corresponding results
from reference 5 with the relative density increased. The difference in
these two loadings can be considered to represent the effect of added
welght at the center of gravity of approximately 50 psercent of the basic
weight. As previously mentioned, the moment-of-inertia changes were not so
great as those made in reference 5, but the general conclusions to be drawn
are quite similar to those drawn from the comparison made between decreased
moments of inertia and decreased relative density.
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EBffects of Tail and Wing Arrangement

Comparison of the results for talls A, B, and C for any moment-of -
inertia condition indicated that tail A gave the most rapid recoveries
and tail B gave the steepest spins but slower recoveriesj; tail C gave the
glowest recoveries. The effects of wing and loading variations were most
apparent for tail C. With the twin tail D installed, spins for any
moment-of -inertia condition were generally as steep as those for tail B,
but recoveries were as good as or better than those for tail A. Tail D,
as previously indicated, was formed by the use of vertical fin and rudder
areas equal to those for tail C, and the improved recovery characteristics
obtained with the twin-tall configuration indicates that it is a very
effective arrangement as regards spin recovery. The difference in results
obtained for talls A, B, C, and D are in agreement with the findings of
reference 8.

For any moment-of-inertia condition, the wings with rectangular and
faired tips (wings 3 and 4) gave the steepest spins, the most outward
sideslip, and the most rapid recoveries. The rectangular wing with Army
tips (wing 1) consistently gave flatter spins and slower recoveries.

Even slower recoveries were obtained for the wing with 5:2 taper (wing 7).
The wing with NACA 6718 section (wing 6) led to spins in which the inner
wing was down a relatively large amount. Flaps deflected 60° (wing 2)
generally retarded recovery. The Army standard wing (wing 8) generally
gave more satisfactory recovery characteristics than the basic rectangular
wing.

The NACA 0009 section (wing 5) led to faster recoveries when the
moments of inertia were decreased than did either the 23012 or the 6718
section; whereas, when the moments of inertia were increased, the
NACA 6718 section (wing 6) led to the fastest recoveries. These results
may be explained on the basis of reference 9, which indicates that
as EKF—EEX becomes more negative, downward tilt of the inboard wing

mb
during the spin is favorable, and vice versa. It was noted that when
wing 5 was installed on the model, the outboard wing tip (left tip in a
right spin) was tilted down; whereas when wing 6 was installed, the
inboard tip was down. Also, the relative mass distribution along the

Iy - I
fuselage was decreased <—§——§—X became less negativ% when the moments
mb

of inertia were decreased, and vice versa.

The effects of tail and wing variables were in general similar to
thogse previously reported in reference 5.
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Effects of Control Setting

Within the range tested, momsnt-of-inertia variations appeared to
have no appreciable effect upon control effectiveness in producing
recoveries. Recoveries from spins with the elevator neutral and the
rudder with the spin were very similar to those from corresponding spins
wilth the elevators down. Except for the twin-tail, tail D, holding the
elevators up resulted in the steepest spins (from which the most rapid
recoveries were obtained). For the twin-tail arrangement, elevators up
gave somewhat flatter spins than elevators down. The simultaneous rever-
sal of the rudder from rudder with to rudder against the spin and of the
elevator from up to down gave better recovery than only rudder reversal
for tails B and C (the tails with short rudders) but not for tails A
and D.

CONCLUSIONS

The results of tests made on a research model with varied moments
of inertia, and comparison with previous results led to the following
conclusions:

1. Uniformly decreasing the moments of inertia led to steeper spins,
higher angular and vertical velocitlies, and faster recoveries.

2. Adding weight up to 50 percent of the basic weight at the center
of gravity led to higher rates of descent and higher angular velocitiles,
had little effect upon recoveries when the elevators were up, and gener-
ally had a somewhat adverse effect upon recoveries when the elevators
were neutral or down. :

3. The twin-tail configuration was a very effective arrangement as
regards spin recovery.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., December 31, 1947
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TABLE I.- DIMERSIONAL CHARACTERISTICS OF THE VARIOUS TAIL ARRANGEMENTS

Fuselage side

Vertical tail

Horizontal tail

;zitﬁ area (back and length (from c/4 Horizontal length (from c/k Tail 4
Tail (percent wi below leading point of wing to tail area point of wing to owe; fa;c tl‘;g
| P arn) ng edge of stabilizer)| rudder hinge line)| (percent wing area)|elevator hings line) P
j (percent wing area)| (percent wing span) (percent wing span)
i
8 (rudder, 5; 14 (elevator, 5.5; 36
A fin, 35 3.0 k5 stabilizer, 8.5) by 136 x 10
6 (rudder, 3; 14 (elevator, 5.5;
= £1n, 3} h.3 45 stabilizer, 8.5) il >
> J
6 (rudder, 3; 14 (elevator, 5.5;
i fin 35 =l 45 stabilizer ’8.5? bl o
J i
D 6 (rudders 38 1.1 L5 14 (elevator, 5.5; Ll 393

fin, 3

stabilizer, 8.5)

GLCT °ON NI VOVN

ek
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TABLE II.- FULL-SCALE LOADINGS BASED ON ASSUMPTION OF Ilg_SCALE MODEL

Loading with Basi Loading with
Item moments of 1 adiri moments of
inertia decreased - g inertia increased
Welght, 1b . . . 4720 4720 4720
Ty, slug-ft°. . . 2310 2760 3380
Lt 3320 3970 4915
T slug-f <. 5040 6150 7700
Iy - Iy " b )
S e . . . "h‘9 X lO -59 X lo -75 X lO-
mb2
His 83 x 1074 105 x 107% _155 x 1ot
2
mb
Iz - Ix | .| 132 x 107% 164 x 1074 210 x 10°%
mb2
T o
Sz T 0.6k 0.6k 0.6k
I, - Iy
u (at 6000 ft). - 8.4 8.4 8.4
%/c - 025 0.25 025
z/e 0 0 0
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TABLE III,-SPIN AND RECOVERY CHARACTERISTICS OF A RESEARCH MODEL WITH WING 1

INSTALLED

[Bpin data presented for allerons 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 page)]
Momenus oI inertia

Decreased Basic Increased
Tail A ©
Elevator
50.2| 1.8D) 54.1 1.3 54.7(2.8D
40.9 | 11.5 39.5| 10.5 40.0|9.5 Up
1 Tl 1]
1}, 17 15, 13 13, 1y
a a a a
!1’ 51 1%' 1} 2, 2%

53.2 | 0.6 58.9| 0.9D) 61.7/0.8D

36.4 | 13.6 35.5| 12.5 35.0{11.5( youtral

1 51
o 2 3, 3¢ 3 3%
53.1 (1.3 59.1 © 61.0|1.1D

35.9 | 1k4.9 34.5| 12. 8 35.0]11.5 Down
2f, 3 3, 3 sk, 3%

er@

1/7 Elevator

4.4 | 5.30 45.1| 5.1D 47.2|3.6D

42.3 |10. 43.2/9.8 41.8|8.7 Up
1 1 3 c
o 3 % 4 o
al, al% al%l al% a}&
52.8/0.3 56.3| 0.6D 59.6|1.6D
35.0(13.1 35.5| 12.2 35.5|11.1| Neutral
be s be o be o

53.0|1.7Y| 56.3|0.2D 59.6 |1.6D

35.0(13.7] 35.5[12.6 34,5 |11.4 Down

b b be be
il (@ (e°)
| IR

8Recovery by reversal of both rudder and elevator.

Visual estimate.
OC means model did not recover.

Moments of inertia

Decreased Basic Increased
44.7| 3.7D 44 ofk4.oD 45.6|5.0D
43.2|10.7 L43.2(10.7 42.3(8.3

2%, 2} 14, 25 2%, 2%
3 3 | [
49.7| 0.3U 52.5|0.2U 53.0(0.8D
8.2 13.1 37.3|11.9 38.2|10.5
3%’1 u bll be (& o)
50.3| 0.7U 52.4(0.3U] 53.1/0.5D
36.8[13.1 36.8(12.2 37.3(10.9
b b
3%, 3& bs, 11 5
45.9/2.7D 53.20.9D 56.9|2.0D
40.0(11.6 37.7|11.0 37.7|10.2
13, 17 2, 2 o}, of
al%-, al‘E 32%’ 32%' 323-, a}
47.0/0.5D 47.4 1.6D 55.3(1.8D
39.1|14%.0 38.7 12,1 36.4 (11,4
1 7! 15 i 1
2, ZE >2E» 25 3&-1 3]:
it ~ i
32.6(3.2u/  [47.3[1.5D| 54.4|0.6D
46.8(17.1 38.1 (12,7 35.0(11.6|
I
14 1F 3,y B&. b
e ]
Mudel values
Uu 1nne: wing up (dqg) (dog,)
D inner wing down v o
(fps) |(rad/seoc)
Turns for
recovery

13
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TABLE IV.- SPIN AND RECOVERY CHARACTERISTICS OF A RESEARCH MODEL WITH WING 2
INSTALLED
ESpin data presented for allerons neutral, rudder with the spin; turns for recovery
measured when rudder alone 1s reversed fully and rapidly, except as noted; key to
table given at bottom of page]|

Moments of inertia Moments of inertia
Decreased Basic Increased Decreased Basic Increased
w ] ' Elevator  (4)
4g,2|2.7D| 51.9(/2.7D 57.32.4D 44,7 13.6D 46.2|3.0D
36.8/11.9 36.4[10.8 35.9/10.0 e 39.6 (9.5 38.2 (8.4
b b

2, 2} of, 2% 2, 3 =2, >4 >y, Yo
al&, al% 33, .31];'{ au%’ 35& 32, azllf °l+, 4&
54.8]1.4D 58.4)0.9D 61.6 [2.0D 52.4 [0.4D 54.2 [1.6D 56.8|1.0D
33.6{14.0 33.6(12.5 33.6 11.5 34.1(13.4 34.6 n2.1 34.6 [10.6

1 Neutral 1 Bo To

3, 3 u}, ug >63, 8 b, b¢ o o
51.6| 0 57.2/1.9D 60.2 | k.50 51.0|0.8D 54.3 1.2D 55.7 |0.8D
33.2|14.2 33.6(12.6 33.6 N1.7 Down 34,1 (13,4 34,1 p2.u4 34.1011.1

1

2, 23 g 43 | %, 10} Bl v | [P % o,

Tail C_@ Tail D
Elevatar

4g9.&(2.5D 52.0(2.6D |5u.9 2.6D 49,3 2.4D 54.2 1.9D 57.7 R.2D
38.6|11.5 37.7(10.5 311 |9-2 Up 36.l+112.3 35.9 11.3 35.4 n0.5
o B P e 28, 2p 3, 3 3%, 3%
52&' aeé 33%,&3% alz;latgg 5211;, aellt a}) a} n}é’ au
(e) (e)
50.5 [2.3D E%l{ 1.8 ?g:; T.ob 47.6 1.9D 0.4 |2.c0 [57.0 P.1D
s | PSBRTYL B3-S 113l wewsrar  [35.8p3s|  ps.o 12 pha11s
bjn c@ bc([' lb(l’ bcoo 2%' 2751F 3111__, 3%‘ Y, 4
m.} n.4U | (e)ss.7 O.ED
52.3 0.7D B7.3 n.6D 78.9/0.40 4h.9|1.90 55.8( 2.0D
pehse| BoBeS| |22:51%Y oo %o [spas 34.6)12.7 | m.1|11.6
bl5. b?S bcm bco boo 3&’ 3% L%, ‘J%

a
bRec:overy by reversal of both rudder and elevator.
Visual observation.

(1> means model did not recover.

Model values
U inner wing up (deg) (deg)

D 1inner wing down L3

he spin is steep and oscillatory. (r;') (rad/sc0)

®Two types of spin.

Turns for
recovery

e
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TABLE V.- SPIN AND RECOVERY CHARACTERISTICS OF A RESEARCH MODEL WITH WING 3
INSTALLED
ESpin data presented for allerons 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 page]

Moments of inertia Moments. of inertia
Decreased Basic Increased Decreased Baslo Increased
{,Ta}ﬁ G !
A Elevator (8) <) ()
29.5 1.10 31.q 0.1D 51.0{2.0D
54.6 2.1 2.3 [11.0 40.0[9.1 Up
a it
3 ¢ 1
Bbl b b b b
T 1
: 5 3 2t
51.41.70 57.9/0.20 25,115, 30, 43.6(0.41
No [spin 36.811.8 35.0/20.9] Neutral No |spin 61.5[12.4 40.9|10.5
1
1=, 1 1 o1 18 1 ol
2) % 2E’ 21|-— E 21:; 21:
h9.7 | 2.44 56.3|1.3U 34.8|1.30 44 .2 0.6U!
No |spin 36.4 | 12.1 s5uolad ol p No |spin b4.1113.1 39. 10.55
1 i L d! ]
12-, 12- 22', 22- 4§ 2¢, 21: !

() Elevator c) —1c) (¢)

133.0 [ 5.30) 33.0(3.3D 25.7/2.7D) ,
54.6| 11.8 61.5|9.0 Up 61. } 59.1|11.8

L

22N,

by b1

22
4.7 1.7 32.9 | 0.2 35.2|0.8D 24,8002V 24,1(0.6D
47.8 | 13.6 51.4 12.6] 52.3[12.0| Neutral 50.0[ 14.3 56.8|12.6 54.6(11.6

-
Fh
N
noj=
-
N

=7
3.5/ 4,10 37.71 1.5U 45.1{1.1U 30,2 1Q&U 29.2|5.4U
L4 6f 14,3 45, 4| 13.1 38.6 |11.1( Dpown 45.9|1k4.6 47.8(13.5 50.0(13.1
1 1 1 1 ik
: % | (%% s L[ e B
a o« g
.pVisual estimate. Model values (deg) (deg)
Recovery by both rudder and elevator reversal. U 1inner wing up
The spin 1s steep and oscillatory. D 1inner wing down v -2
(fpe) (rad/sec)
Turns for
recovery
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TABLE VI.- SPIN AND RECOVERY OHARACTEHISTIOS OF A RESEARCH MODEL WITR WJING 4
INSTALLED
Epin data presented for allerons 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 page]
Moments of inertia Moments of inertia

Decreased Baslic Increased Decreased Basic Increased

Elevator (P) (v)
31.4 0.40 45 6[1.0D 53.1/0.9D
52.3(11.8 40.0[10.1 40.0(9.2
1 Up
5 1, 1 13, 13
a a a ajl a 1
<%’ é’ 4 11¥' 11:
55.1 |2.6U 59.9| 0.4U 34,1 o 46.2| o
No [spin 34,1 12.2 35.0/11.0| Neutral No [spin 47.8|12.6 40.9( 10.6
1
2,2 2g, 2 b 2, 25
| b4.7]2.1U F8.9 | 1.0U 37.2/ 4.3 47.1 0.7U
No |spin P41 1.4 35.00111.2) poon No lepin 43,2013, 4o.q 10.6
1, 2 2}, 24 13 2, 2

Elevator
27.5|1.8D 26.6 |2.0D 27.6 ] 3.3
61.5(12.1 61.5(11.0 61.5 | 9.0 Up No |data No (data No |data
1 CIMC]
2 P’ 3
Ec%f’ B% Aclli‘, ac%
29.6(121 27.4[2.6U 28.0 [L.5U 26.4 8.9
56.8(14.0 52.3|13.1 61.5 1.0 Neutral No |data 54.4 12.8 No |data
3 P 2 ? s
32.0(5.2U 46.3 | 0.3 31.7 7.9
No|spin 49 f13.6 38.6 | 11.1 Down No |data 47.8 13.4 No |data
; % % Er

aRecn:rvex'y by reversal of both rudder and elevator. Model Sils oc g
el values

o’l'he spin 1s steep and oscillatory. 1 fiener Wingw (deg) (deg)
Visual observation. D inner wing down

v n
(fps) |(rad/sec)

Turns for
recovery




NACA TN No. 1575

TABLE VII.- SPIN AND RECOVERY CHARACTERISTICS OF A RESEARCH MODEL WITH WING 5
INSTALLED

Epin 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 page|

Moments of inertia

Decreased Basic Increased
46.5 |0.9D 0.7] 0 5.2 |0.6D
41.4 1.2 Mo.o| 9.9 39;6 9.2

1, 13 1, 1 13, 13
. 3 %3 M [id B3
52.7 2.70 &.4 1,20 60.2} 0.8D
35.4 13.2 35.0 [12.2 4.1 11.2
13, 18 23, of S
52.3 [3.6U 58.1 1.3V 59.6 p.1D
34.6 [14.0 34.1 |12.6 34.1 n1.4
S IBEXTINEE:

Tail C
36.5|1.9D 1.4|2.4D 5.9 | 3.9D)
47.8110.5 W6.819.5 h2.2 | 8.4
= 1}, 13 oo

ab. a a a 7

) 1 1

T 5 t R 15 15

(a)
L7.571.80
33.5| 0 56.1|1.0U0 57.6 p.4D
ko.k (12,
46.812. 35.9|12.1 35.9 0.8
2%" 3%' Sé-, b9 beco v o)
(a)

3.0[3.00

.9(3.1U 56.7/1.0U 57.0 j0.4D
Z?,B E'g 35.4[12.6 35.4 1.2
35 3% bs. b8 e ~

8Recovery by reversal of both rudder and elevator.

isual observation.
CThe spin 1s steep and oscillatory.
Two types of spin.
ao means model would not recover.

Elevator

Neutral

Down

Elevator

Up

Neutral

Down

Moments. of inertia

Decre ased Basic Increased
Tail B —
C c)
45.7(4.8D
43.2|8.7
S
p 2g
a a
1,
41.1 | 4,00 52.8/2.0U 53.1) 0.5U
40.9 | 13.3 37.7|11.6 37.2| 10.4
1,2 3, 3% 5%, 11
43.1 [3.6U 53.3| 1.80 54.6 p.7U
39.1 [13.8 36.4 12,1 36.4 0.7
5 W | 2&, 3 6, 8
30.9 [2.1D I 7.3 L.3D 54.0 [1.0D
55.0 {12.6 40.9 0.5 38.2 9.6
- Wy 13, 12
a1 a a ]l a_]
¥ 13, 18 23,
32.3/0.3U0 8.6 | 3.00 51.4 jo.4U
50.4 (14,3 2.3 p2.7 37.2 [10.9
1 51
1 3 1 2, 23
36.3 [4.10 33.4 2.30 51.2 |0.1U
45.9 115.7 46.8( 13.6 36.4 (11,2
T TR
z 1 24 23
oc g
Model values (aeg) (aeg)
U 1inner wing up
v 7 o
D Ainner wing down (tps) (rad/dec)

Turns for recovery,

17
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NACA TN No. 1575

TABLE VIII.-S8PIN AND RECOVERY CHARACTERISTIOCS OF A RESEARCH MODEL WITH WING 6

INSTALLED

[_Epin data presented for allerons 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 page)
Moments of inertia

Decreased Basic Increased
g' Elevator
=
45.6/5.3D h7.8 | 5.4D 53.7[3.7D
41.4f12.1 40.0 | 10.6 38.2(9.7 Up
1, 1 b, 1t 135, 13
al, al ‘1, al al%[, 21%
4o.4 | 1.8 53.02.7D 58.7|2.6D
38.2 3.8 35 4124 35,0/11.1| Neutral
AL St
v 2, 2 2 2
49,7 P.1D 53.6 [2.7D 57.2|2.3D
37.7 B4 4 B5.9 |12.7 35.4/11.3| Down
13, 1% of, 2f 2}, 24
c) Elevator
Up
L4.4 6.10 4.7 (6.0D 47.2|4.8D
39.1{ 13.4 Ho k(12,1 4o.4|10.6| Neutral
1
4, 5';" 5§ bda)
P 2]
46.0f5.8D 46 24, 3D 0.5 [3.1D
39.1014.3 39.112.9 8.2 [11.3| Down
2. 2& 9 >b‘5, bd(D

8Recovery by reversal of both rudder and elevator.
isual observation.

®The spin 1s steep and osclllatory.
co means model would not recover.

Very oscillatory.

Moments of inertia

Basic

Decreased

Increased

() c)

45,1 6.4D 47,14, 3D Sl.ld 3,8D
38.6(13.3 38.6(12.1 38.2] 10.5
2, 2 23,% 3 3g, 4
44 6| 3.0D 47.0|2.7D| 49.5 4,oDn
37.7 13.9 37.7]|12.5 37.9 11.2]

T 5T ol
15 2 23, g 3% 3
Crail ()
e) &
k9.9 7.7D) 47.7 6.10
40.9| 12.6 40.9 9.8
1
1 111?
ab 1 a3 a,1
i, 13 11,]:
e) e)

45.8 7.7D 45.2p0.00 44,8 5,70
37.70 13.9 38.2[12.9 4o.9| 11.1
1%-,%% 18, P12 1}, 12

(e) e)

43,3 | 7.0D u5.6|6.91 4y 5 9.%
37.2 | 14.8 38.2(13.1 40.9(11.9
13 15 2, 2 13, 2

oC
Model values (aeg)

U inner wing up
D inner wing down

Turns

v
(fps)

recovery

for
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TABLE IX.- SPIN AND RECOVERY CHARACTERISTICS OF A RESEARCH MODEL WITH wING 7
INSTALLED

Lépm data presented for allerons 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 page]
Moments of inertia i

Decreased Basie Increased

Elevator
53.0|0.7D 54.7| o 56.2 [0.8D
)
39.1(11.8 37.2(10.7 38.6 B.& Up
%1%, 11 15, 1 2, 2
b
bl%,b1§ 12, o ba&’ 3

59.3(0.1D 59.8|0.2D 62.7 [0.3D

34.1(14.0] 34.1(12.6 35.4 11.3 | Neutral
% % 3%, 3%

rofis
N
F

58.2|0.4U 59.0(0.9D 62.9 10.9D

34,1143 34.1(13.0 35.0 1.7 Down

2 3 A I

Tall’C/g -
Elevator

59.0|1.1D 51.4|1.2D 53.5 0.8D

39.6(11.5 4o.4(10.2 39.6 B.2

11 Up
i, 4t 10, 10 c0.f o
b.1 b b.  be ab b
2%, 4 3, co o oo
[
'56.0(0.2D 59.4|1.0D 60.5 [L.0D

35.4(13.6 34.6(12.9 35.0 1.5 | Neutral

oo (66 O oo

57.8|0.3D 61.3(1.0D 63.2 1.6D

35.0 [14.3 3h4.1(13.2 3.1 RPO i pae

a ac ac c
@ (© 5] oo a

8Visual observation.

ecovery by reversal of both rudder and elevator.
¢ o means model would not recover.

AThe spin is steep and oscillatory.

Moments of inertia

Decreased Basic Increased
(ITaAiSE) Sun
L |
(a)
.2|2.50 49.7(1.0D
43.219.8 41.418.5
X
l#, 52’
bB’ bu%
54%.6(1.3U 53.5 [1.3U 55.4(0.4D
35.4)12.8 36.4 11.8 38.6(10.5
6%, 7% aczo'a(:x’ acoO
53.6(1.30 53.70.2D 55.2|0.3D
35.0(13.2 35.9012.3 35.9(11.0
SJL 61 a a ac
T °F 10, 11 o¢]
é’raq)':‘ gB
-
42,6(1.3D 51.3 [0.5D 54.8|2.4D
43.2|10.8 38.6 [10.9 38.2 (9.9
1, 13 1, 2 1, 1
b b b ab_y b1 b
12, 2 2, "2k 2}, 2g
I
33.9|2.5D 49.7 1.0 lsu.l 0.4D
L f g
48.6|14.8 37.7112.3 35.9 |11.1
TS T 1
p 1 2w 25 25 3
31.5/0.9U B2.8 1.2V 53.9 1.30w
49.6(17.2 45.9 4.3 35.9 1.5
1
1 13, 2 3%, 3¢
Model val = ¢
od: value
U :nne; vi:g up (dgg) (deg)
D 1inner wing down v s
(fpe) |(rad/sec)
Turns for
recovery

19
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NACA TN No.

TABLE X.- SPIN AND RECOVERY CHARACTERISTICS OF A RESEARCH MODEL WITH WING &
INSTALLED
Epln data presented for ailerons neutral, rudder with the spin;
when rudder alone, is reversed fully and rapidly, except as noted; key to table given
at bottom of page)

Moments of inertia

Decreased Increased
43.5 |0.5D 51.2 [1.2D 52.8 |1.6D)
4410 (11.0 40.9 |10.2 39.6 [9.4
1 TR
ik IE, ll-l-» lE, IE |
a a1l a1 a, a
T 15, 1 1, 2
55.1(0.7U 55.7/0.2D 60.5 0.5D
35.9(13.6 36.4012.1 36.4 p1.2
o}, 2} 2%, 2% | 2% 3
52.9/2.1U 54 .4 0.4U 60.5 |05D
35.9|14.2 36.412.5 36.4 n1.5
51 T b.1 ]
2, o 25, 23 3%, 3
c)
40.4 3,9D
1 —
49.6 8.5
1
| i
1 ] | ]
hg.2/1.60 52.3|0.3U| 55.3 [1.0D
37.7|13.4 37.7(12.2 37.2 10.9
T | b
51.1‘1.9u s4.4l0.50 %é.s 1.0D
| 37.211&.2 36.8(12.7 36.8 11.4
f Al
| 55 Tluﬁ’ Ly L

aRecovery by reversal of both rudder and elevator.

Visual observation.
®The spin 1s steep and oscillatory.
co means model would recover.

Elevator

Up

Neutral

Down

Elevator

Up

Neutral

Down

turns for recovery measured

Moments of inertia

Decreased Basic Increased
Tai%_? =
) © (e)
e
(e)
46.2|2.2u0 46.5 [1.10f 52.2 [0.4D
4o.4 13.1 38.6 [11.2 39.1 [10.3
1 ! al
33 Wy, 4g
r -

; ot ol 45.3 [2.0D 50.0 (0.3U
40.0]13.1 38.2 2.1 38.6.{10.8
2, of 3 3% 5, 5%

—
)
Tail D >
CRt TP
29.9(6.3D 47.3 F.8D kg9.3|1.7D
52.3[12.6 47.8 po.s 40.9|9.5
1 2 13, 13
ay a a a
| 5| H =
(e) ©)
T
32.1/5.5D
523 38.6|10.9
4
(e) () («©)
33.3|1.0D 5.7D
52.3|15.0
oc ]
Model values
U inne: wing up (aeg) (deg)
D inner wing down v o
(fps) [(rad/sec)
Turns for recovery|

1575
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TABLE XI.- SPIN CHARACTERISTIOS OF A RESEARCH MODEL WITH ALL CONTROLS NEUTRAL
E‘urn- for recovery measured when rudder is moved to full against the spin and the elevator
is moved to full down; key to table given at bottom of qu]

Moments of inertia Moments of inertia Moments of inertia
Decreased Basio Increased Decreased Basic Increased Decreased Basioc Increased
1
55.1{1.3D 48.2) 0.6D | 4£.9] 0.6D | 54.0 0.8D 50.6 (0.2D| [58.0|1.3D| [61.% |0.6D
Wing 1 No jspin | [39.6 12,1 |[38.6 10.7 38.6(13.1] [ 38.6( 11.8 | 37.7] 10.4 36.8(13.0| |35.0| 12.1| |35.0 [11.3 (a)
L g, 2 3; 3 aé, 2% 555 ‘ L 8, 12 f o *o
- = D) (v)
75.9| 1.4D| |59.6 [2.3D
53.11.50k6.8L.7p | | | 53.9| 1. 56.2] 1.5D| 52.9(1.6D| |57.5|1.3D| [77.3 0. 7D
Ving 2 No pin || 35.512.3 j35.4 h1.o %o ppin ||3k.622.0f | 4.4 20.8  |35.0[13.8 [21-Z 18- 3’7‘;; 5.7 (@)
3}, b 7&: >7} % J fo ‘o *of| teo
[ 2| P | (W S [ O e | L el —ed
e o il (@)
Wing 3 No in No |spin No ppin No ppin No lpii
|
S I o o (o) .
T | ]
Wing 4 No spin || No lepin || No |spin ¥o l-pxn No ppin glﬁbj:pin ¥o|spin|| No|epin| @
e el - m— = T -
52.0 [1.10 47.3(1.00] [53.0 O 56.0[0.4D| |57.0 (0.20
- = 2 el Bl == =
Wing 5 No | spin| No jspin | [38.2[10.6 No ppin || 39.1]11.6 | 37.7/ 10.% No |spin| [36.%12.0| [35.9 11.0 )
L 23, 2f o}, 2} || 5% 7 7,8 f oo
e = — ﬂrw —— e
| 44.1| 6.6D | 46.8 5.0D| 45.8|7.8D| |44.7| &. 2D |46.1 [6.7D
, D R . a)
YiES No |spin || ¥o ]lpln} ¥o [spin ¥o | spin| | 38.6] 12.1] | %0.6 10.5| 39.2013.4/ [40.5]12.1| |40.5 |10.5 :
e i Db o] [ || = [ %]
— 1 — s — e
|50.6 0.4u | [52.2 [1.2D 51.7 1.70] Ez.s 0.20) | 54.7] 1.3D 54.0/0.10| [58.0| 0.7D| |62.7 |0.9D
T (| O | e i I [ B @)
wing 7 No 'spin  [38.2 12.2 ||38.6 [10.8 35.9 13.1 7.2 [ 11.8 | 37.7] 10.6 35.9(13.7| |35.5| 12.8| | 35.8 [11.5
kAR ] | 55 ' ] fe | [fe wlffe =]t
W . | — -
R ] 45.5| 2.0D | 49,9/ 0.4D| 53.9/0.1D| |54.7 |0.8D @
wing & Ij;m No |epin | No lepin || 39.1/ 11, ,"idi"'“ | No|spin| |37.7/12.3| 37.3[11.1
| 3 || 6 ek 68 |l % %l
- odo1 val gl
B 53822 SR ot reeoer. o e
Very steep spin. D inner wing down (tps) (;}/ -
N0 spin for any moment-of-inertia condition. =
Turns for
Tecovery
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TABLE X1I.- EFFECT OF WEIGHT VARIATION AT CENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND RECOVERY CHARACTERISTICS; WING 1 INSTALLED

@ata for weight in at center of gravity obtained from current tests with moments of
inertia decreased; data for weight out at oenter of gravity obtained from reference 5
with relative density decreased. BSpin data presented for allerons 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 page

Welght at center of gravity Welght at center of gravity Weight at center of gravity
In Out In Out
-
= Tail C
=
50.2| 1.8D| [49.5(|2.6D 4l 713,70 |42.3 6.3D by 4 15,30 |45.2|4.8D
40.9|11.5| [32.2|10.6 Elﬁ;“‘” 43.2/10.7] [37.7 8.9 mj;““ 42,3 | 10.8 |36.89.7
F— —A
1 1 1
17 1 13 2%, 23 13 2, 3% 3
= a a
1 1 %, % 13 2 1, 1 g’
53.2(0.6U 52.6[ 1.0D 439.7 (0.3U 47.110.5D 2.8 |0.3U| |55.3|1.5D

Elevator Elevator
36.4 (13,6 29.7/12.3 neutral 28,2 13,1 32.7(12.2| neutral 5.0 |13.1] |28.7|12.7

c
of, of 1, 17 3%, b 12, 2 co 5%, 6%

NACA

53.1) 1.3 52.8|0.1D 50.3] 0.7V |44.5 1.;‘ 53.011.70 56.4) 0.8
B Elevator Elevator
35.9| 14.0 29.2(12.6| down 36.8|13.1 33.213.1 down 3%.0 13.7 28.2|13.4
b a1 b b
1 1)
ot, 3 i, 1¢ Bl To. 9 6
8Recovery by reversal of both rudder and elevator. yogel values oc
Visual estimate. U inner wing up
oo means model did not recover. D inner wing down (d;g) (aeg)
TRY
(fps) Jiffd/aeo)
Turns for
recovery
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TABLE XIII.~ EFFECT OF WEIGHT VARIATION AT CENTER OF GRAVITY OF A RESEARCH

MODEL UPON THE SPIN AND RECOVERY CHARACTERISTICS; wING 2 INSTALLED

Spin data presented for allerons 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 pagel

Weight at center of gravity

Welght at center of gravity

Weight at center of gravity

In Out In Out
e -’
i (b) e)
B 73.3[3.0D
4g.2|2.70| [49.3 [2.9D i 49.8|2.5p| [47.1{4.1D
Elevator Elevator 23.3(16.0
36.8|11.9( |30.7 p0.8| wp up 38.6(11.5| [32.4%{10.6
d ar
2, 2f 1 00, @ ar;‘f‘tzﬁ
a a a a af ; a af.

1&, 1& 1-2.. 1& 2, 2& al‘é'lle‘z
(e)
71.512.9D

54.81.4D 52.4 0.4Dp 50.5|2.3D| |54.1|2.0D

levator Elevatoer 22.4(16.2
33.6|14.0 No | spinneutral 34,1 13.11-‘ No | spin|neutral 35.4113.4 | [27.8(12.4
1 B dfof’l

3, 3 i, U o Yool | 43 5

51.6| o ] 51.0/0.8D F ] 52.3 0.7D
[ Elevator Elevator

33.2 [14.2 No |spin| down 34,1(13.4 No |spin| down 34,6 [13.8 No [spin

1 l e 1 T

b,

®Goes into a spiral glide.

aRecovery by reversal of both rudder and elevator.
The spin 1s steep and oscillatory.

o pmeans model would not recovery.

©Two types of spin.
TVigual observation.

Model values

U 1inner wing up
D inner wing down

ac
(deg) (dgg)

) =y %
(fps) |(rps)
Turns for

recovery

23
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* TABLE XIV.- EFFECT OF WEIGHT VARIATION AT CENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND RECOVERY CHARACTERISTICS; WING 3 INSTALLED

Epin data presented for allerons 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 page]

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

In Out
|
|
Ws‘i-
(c)
29.5(1.1D| |37.4|3.4D 26.0| 3.50 3%,0(5.3D | 32.5|5.0D)
— Elevator Elevator
54.6(12.1| [40.4|10.1 up 52.39.7| UYP 54.6(11.8 | U45.0[10.5
& 11
% % 2" 2
b b
ab b, b DI D [N R =y
é %” % A1 2’ 7
36.9(1.7U 24,7/1.79] | 37.0{0.3U
Elevator Elevator
No [spin| |38.8[12.6| neutral No |spin No | spin neutral 47.8(13.6 | 37.8{12.3
151
1, 1& 1 15, 1-2—
|
38.5|4.10| |38.2|3.6U
Elevator Elevator
No |spin No|spin| down No | spin No |spin| down Ly, 6(14.3 36.§ 1351
1 5 1&
= L.
8Visual estimate. Model values o g
ecovery by both rudder and elevator reversal. U 1inner wing up (deg) [ (deg)
CThe spin 1is steep and oscillatory. D 1inner wing down v i
(fps) | (rps)
Turns for
recovery
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TABLE XV.~ gppgGT OF WEIGHT VARIATIONS AT CENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND RECOVERY CHARACTERISTICS; WING 4 INSTALLED

- [épin data presented for allerons neutral, rudder with the spin; turns for recovery
measured when rudder alone is reversed fully and rapldly, except as noted; key

Welght at center of gravity

to table given at bottom of page]

In

Out

31.6 |0.4U 34.6|1.3D
52.3|11.8 40,4 10.8|
1 b.
H e !
aq Bb, ab
5 %’ E
38.4 | 0.60
No |spin| [38.6 2.4
bl, b1
| No |spin No Fpin
)

. l

Elevator
up

Elevator
neutral

Elevator
down

Welght at center of gravity

Weight at center of gravity

El t
ap 7 |61.5]12.1| [us.0 Eg.u
1 “Aliel]
5 g
ab, a ay
T3 z
29.602a0| |36.2|0.6U
Elevator
No ppin No |spin|neutral 56.8(14%.0] |38.3(12.3
o JE IR L
2 L, 1§
(a)
Elevator
No [spin No |spin down No |spin| 37.8(13.1

8Recovery by reversal of both rudder and elevator.
Visual observation.

CThe spin 1s steep and osclllatory.
dpata not obtained.

Model values

U inner wing up

D inner wing down

c
(deg) (dgg)

v oo
(fps) | (rps)

Turns for
recovery
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TABLE XVI.- EFFECT OF WEIGHT VARIATIONS AT CENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND RECOVERY CHARACTERISTICS, yING 5 INSTALLED

Bpin 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 page]

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

In Out In Out In

46.5/0.90| | 41.00.4D 36.5 [1.90 |31.5]|2.8D
a E
wikf11.2| | 39.a] 106 m:;““r Yot fu7.g [108] [w4.1{10.1
- =
1 g 3» ! z 1
a 'a ab. abl a; al
L o1 5 Tz z
(@) (e)
I KJ a] 47.5|1.8U
52.7(2.70| [38.4 | 2.4 1.1 | 4. 33.5| O 30.4]1.5U
4o.4|12.7|
E t
5.4 [13.2| .2 [12.3 E2eTEOT  luo.9 |13.3 | No |epin Elevator |us.s|12.6 ue.zlla.é
12, 12 1 1, 1 23, 3% 3,2
(@) (c)
T d 53.013.00
52.33.6U k3.1 |3.6 45.9|3.10] |34.8 p.10
El .9 134
34.6[14.0 No| epan| 178%™ g 3 13,8 | No|epin[*rguet’ siho el hwebst
b 1
12, 12 Ty 1 3, 33 in 3
aRecovery by reversal of both rudder and elevator. Model values oc ]
byisual observation. U inner wing up (deg) | (deg)
®The spin is steep and oscillatory. D inner wing down v i
Awo types of spin. (fps) 1 (rps)
Turns for
recovery
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TABLE XVII.- EFFEOT OF WEIGHT VARIATIONS AT CENTER OF GRAVITY OF A RESEARCH

MODEL UPON THE SPIN AND RECOVERY CHARACTERIBTICS,

WING 6 INSTALLED

Epin data presented for allerons rieutral, 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 page

Weight at center of gravity

In Out
45,6 15.3D 42,9/ 8.0D
41.4 12.1 36.3(10.9
®1, 0 1, 13
b b o )

Sl e
49 4 |1,.8D 47.0 3.6D
38.2(12.8 31.'4 12.8

12 1%, 13
49.7/2.1p| [45.0 [3.4D
37.711%. 4| [32.4(13.3

13 1} 13, 13

8Vigsual observation.
ecovery by reversal of both rudder and elevator.

®The spin is steep and oscillatory.

Elevator
up

Elevator
neutral

Elevator
down

Weight at aenter of gravity

In

Weight at center of gravity

(e) (c)
Elevator
up
(e)
45.1 (6.4D by 2/ 6,1D| |u46.5(4.9D
Elevator
38.6(13.3| [341 p2.6 | neutral 39.1/13.6/ |35.4|12.1
s -
2.2 5 1 3% 1
2 22’ )4, 52‘ L 2‘2‘, 22’
44 .6)3.0D| |41.46.2D 46.0 5.8D | 46.5(5.8D
Elevator
37.7{13.9| [33.213.0 down 39.1 14.3 | 33.3|13.4
1.1
17, 2f T 2, 23 17, 3%
Model values &« ]
U inner wing up (deg) | (deg)
D inner wing down v T
(rps) | (rps)
Turne for
recovery
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TABLE XVIIL.- gppET OF WEIGHT VARIATIONS AT CENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND RECOVERY CHARACTERISTICS,

[Bpin data

WING 7 INSTALLED

presented for allerons neutral, rudder with the spin; turms for recovery

measured when rudder alone is reversed fully and rapidly, except as noted; key
to table given at bottom of page]

Weight at center of gravity

In

:
53.0 [0.7D 4g.5 0.6
I | Elevator
39.1 11.8 33.7 10.7] up
a3 1 13, 12
bq0b b b
13, 13 1, 1
59.3/0.1D| (56.2 [0.5U
3.1 14,0 [o8.7 [12.5 | Faoyater
L
3%. 3} °p 25
53.1 [1.4U

Elevator

28,7 [13.0| dowm

e%,

%4

8yigual observation.
Recovery by reversal of both rudder and elevator.
CThe spin is steep and oscillatory.

In

Weilght at cent er of gravity

Weight at center of gravity

In Out

157>

(o)
59.0(1.1D |45.3|1.7D
R o Elevator —
ﬁ up 39.6|11.5 |35.9[10.5
1 1
T b3 2, 2¢
b b b 1)
o, 4 1, 1
— —— - I
54.6{1.3U| |45.5(0.2D 56.0/0.20| |58.7] 0.6D
35.4(12.8 P36 [12.8( 7 0TR0T | 35.4113.60 |28.7113.3
6. 7% | | 2 o * oo *13, "15
S| L) [ %0512 60 57.80.30| | 57.1) 0.4
Elevator B
35.0(13.2| |31.&|13.0| down 35.014.3| |28.7/13.7
5t 63 2t 23 * o 11, 113
(5 g
Model values
U inner wing up (deg) | (deg)
D inner wing down v s
(fps) | (rps)
Turns for
recovery
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TABLE XIX.- EFFECT OF WEIGHT VARIATIONS AT CENTER OF GRAVITY OF A RESEARCH
MODEL UPON THE SPIN AND RECOVERY CHARACTERISTICS, wING & INSTALLED

Epin data presented for allerons 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 pagﬂ

Weight at center of gravity Welght at center of gravity Weight at center of gravity
In Out In Qut
Tall A q‘!
(o) (b) (b)
43 5| 0.5D 42 .412.5D
Elevator Elevator
44 1/ 11.0f |38.7(9.9 up up
1 T
a. a1
: L
(o) (b)
55.1/ 0.7U0| |48.7|1.3U 46.2(2.2U 48.2(1.6U| [50.7|/0.2U
Elevator Elevator
35.9/13.6| |30.5|12.3|neutral 4o.4113.1 neutral 37.7|13.4| |31.0|12.5
2 of | | 22 3 4 3t 3%
f |
52.9(/2.1U| |45.1|2.0 47.712.7U 51.1/1,9U| [(48.9(1.9U
Elevator Elevator
35.9|14.2| |31.8|13.0| down 40.0(13.1 No |spin | down }7ﬂ1’+.2 31.0(12.9
2h 2 | |1, 12 2, 2} 5,5 3, 3%

both rudder and elevator.
aI-lecovery by reversal of bo e Moatl valnes o

g
The spin 1s seep and oscillatory. U .inner wing up (deg) |(deg)
D inner wing down

v FoR
(fps) |(rps)
Turns for

recovery
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Figure 1.~ A model spinning in the Langley 20-foot free-spinning tunnel,
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Figure 2.- Low-wing monoplane model with detachable tail and wing.
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Figure 3.- Low-wing monoplane model. .lxl:l '
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Wings 1, 2, 1 Y
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Figure 4.- Diagrams showing plan forms and frontal views of
wing models.







Wings 1 and 2

Wing 5

Wing 7

Figure 5. -

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

Wings 3 and 4

Wing 7

Wing 8
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Figure 7.- Tails used on low-wing monoplane.
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Figure 8.- Interchangeable tails of low-wing monoplane model.
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