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RESEARCH MEMORANDUM

SUMMARY OF RESULTS OF TUMBLING INVESTIGATIONS MADE IN THE
LANGLEY 20-FOOT FREE-SPINNING TUNNEL

N 14 DYNAMIC MODELS
By Ralph W. Stone, Jr., and Robert L. Bryant

SUMMARY

The tumbling characteristics of dynamic models of 14 specific
airplane designs investigated in the Langley 20-foot free-spinning
tunnel for various loadings and configurations are summarized. ZFor
three of the models, tests were made to determine whether recovery
from a tumble could be effected by the use of parachutes, and for two
of these models, further tests were made to determine whether the pilot
could safely escape from a tumbling airplane. The accelerations that
would be acting on the pilot during a tumble were computed for several
of the tests.

The results indicated that conventional airplanes would not tumble,
whereas tailless and tail-first airplanes might tumble, depending upon
the amount of static longitudinal stability. The tumbling motion could
generally be prevented by forward movement of the center of gravity.
The results also indicated that tailless airplanes of low aspect ratio
and having their mass distributed chiefly along the fuselage were less
likely to tumble than tailless airplanes of high aspect ratio and having
the mass distributed chiefly along the wing. It was indicated that
lateral and directional controls had little or no effect on tumbling
other than to dictate the motion of the airplane after recovery from a
tumble. The longitudinal controls and auxiliary 1ift devices did not
appear to have any effect on tumbling, except when the longitudinal
stability was marginal. In an emergency, recovery from a tumble may
be effected by the use of two parachutes, one attached to each wing tip,
when opened simultaneously. The investigation indicated that the
accelerations encountered by a pilot in a tumble may be exceptionally
dangerous. The results also indicated that, although the pilot will
probably not be struck by parts of the airplane in leaving the cockpit
of a tailless airplane during a tumble, the accelerations acting on him
during the tumble may be high and may prevent him from leaving the
cockpit.
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INTRODUCTION

The phenomenon of tumbling, a continuous pitching rotation about an
axls parallel to the lateral axis of the alrplane while descending along
an inclined path (see fig. 1), was reported in 1942 for a conventional
fighter airplane. Later, a fatal crash occurred during flight tests of a
tallless airplane, the cause of which, it was believed, might have been
the pilot's failure to recover from a tumble. To date, however, there is
no rellable information regarding the tumbling of full-scale aircraft.
Investigations conducted in the Langley 20-foot free-spinning tunnel
following the implications that such a maneuver as tumbling may be possible
have shown that the. phenomenon is real and may occur with tailless air-
planes but not with conventional airplanes.

The tumble tests reported herein were conducted generally as part of
regular spin-test programs for 14 dynamic models. The models represented
tailless airplanes having a wide range of gweep angles and aspect ratios
as well as several conventional airplanes. For some of the models, tests
were made to determine the effects of center-of-gravity variation and of
welght variation. Revisions of the geometric configuration of socme of
the models were also tested, either because a revision was required to
improve the spin-recovery or longlitudinal trim characteristics or to
improve the tumbling characteristics. For three of the models, tests
were made to determine whether or not parachutes could be used as an
emergency tumble-recovery device, and for two of these models, pilot-
escape data were obtalned. Approximate calculations were made for some
of the models to determine the magnitude of the accelerations which would
be acting on the pilot during a tumble.

SYMBOLS
b wing span, feet
S wing area, square feet
c mean aerodynamic chord, feet
x/T ratio of distance of center of gravity rearward of leading

edge of mean aerodynamic chord to mean serodynamic chord

z/¢C ratio of distance between center of gravity and horizontal
reference line to mean aerodynamic chord (positive when
center of gravity is below line)

m mass of alrplane, slugs
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Ix, Iy, Ip

moments of inertia about X, Y, and Z body axes,
respectively, slug—feeté

air density, slugs per cubic foot
airplane relative-density parameter (m/pSb)

distance from airplane center of gravity to pilot's head,
feet

angle of attack of airplane, measured at the center of
gravity, degrees

time (taken to be zero the instant the record of motion
began), seconds

angular displacement of airplane about its Y-axis,
radians (6 =0 when t = 0)

angle a line through the pilot's head and the airplane
center of gravity makes with the fuselage reference
line, degrees

full-scale velocity of the airplane center of gravity
along its trajectory, feet per second

angular velocity of airplane about its Y-axis, radians

per second (Q = gg)
dt

acceleration due to gravity, 32.2 feet per second per second
centripetal acceleration of pilot's head due to @, g units

angular acceleration of airplane about its Y-axis, radians
per second per second

tangential acceleration of pilot's head due to a,, g units
0

resultant acceleration of pilot's head, g units

component of acceleration directed through long axis of the
pilot (positive when pilot is pushed down into seat),
g units

component of acceleration directed normal to long axis of
the pilot (positive when pilot is pushed against back
of seat), g units

2

rudder deflection, degrees
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B¢ elevator deflection, degrees
5 aileron deflection, degrees

APPARATUS AND METHODS

Model

Dimensional and mass characteristics of the airplanes as represented
by the models are presented in tables I and IT, respectively, and three-view
drawings of the models and changes from the normal model configurations are
presented in figures 2 to 15. Each model was ballasted by the use of lead
weights to obtain dynamic similarity to the particular airplane it repre-
sented at a given test altitude as listed in table IT. The parachutes used
were of the flat circular type, made of silk, and had a drag coefficient of
approximately 0.7 based on the surface area of the canopy when spread out
flat. A model pilot was made to scale and ballasted for dynamic similarity
of a 200-pound man, with parachute, at the test altitude. For the
parachute-recovery and pilot-escape tests, a remote-control mechanism was
installed in the model to open the parachute or release the model pilote.

Wind Tunnel and Testing Technique

The tumbling tests were performed in the Langley 20-foot free-spinning
tunnel, the operation of which is generally similar to that of the 15~-foot free-
spinning tunnel, as described in reference 1, except that the launching
technique has been changed to launching by hand. For the tumble tests, two
methods of launching the models were employed: +the model was launched from
a nose-up attitude to simulate a whip stall in order to determine whether
the model would start tumbling of its own accord, and the model was launched
with initial pitching rotation in order to determine whether the model would
tumble once the tumbling motion had been started. The simulated whip stall
was obtained by holding the model in the air stream with its nose up and
simply letting go of the model. The initial pitching rotation given ‘the
model was imparted while holding the model in the air stream and forcing
it to rotate by applying a pitching moment. The model data presented
herein were converted to full-scale values by methods described in
reference 1.

The models used for the parachute-recovery tests were so loaded that
they would tumble when launched with initial pitching rotation and the
parachutes were opened after approximately two complete revolutions of the
tumble. The number of additional revolutions, made before recovery was
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effected, was recorded by visual observation and by moving pictures of the
motion. The pilot-escape tests were conducted in a similar manner except |
that after approximately two revolutions of the tumble the model pilot

was released from the top of the cockpit or escape hatch and his path of

motion was observed to determine whether he struck the tumbling model.

Computations of Accelerations

Accelerations at the pilot's head were computed because it appears that
the head is most vulnerable as regards accelerations. The resultant accel-
eration of the pilot's head with respect to the earth i1s the vectorial sum
of the tangential and normal accelerations of the airplane center of gravity
along and normal to its trajectory plus the centripetal acceleration of the
pilot's head due to the angular velocity of the airplane about its Y-axis
plus the tangential acceleration of the pilot's head due to angular accel-
eration of the airplane about its Y-axis. The accelerations given herein
for models 9 and 11 were computed on the assumption that the airplane
rotated with constant angular velocity and the tangential and normal accel-
erations of the center of gravity were negligible. More recent tests with
model 13, however, have shown that the models may not rotate with constant
angular velocity, although the tangential and normal accelerations of the
center of gravity of the models were found to be negligible (less than 1)
as originally assumed. The path of motion of the tumbling model was
obtained with a stationary motion-picture camera for model 13. The model
motion was converted into corresponding full-scale motion and plotted in
figure 1. This path of motion was used to determine the angular velocity Q
and the angular acceleration ay by graphical differentiation of the dis-
placement curves. The centripetal acceleration a, and the tangential
acceleration ap were then calculated by use of the following formulas:

c dt g
L de e
W="0gT at2 &
ae a2e
The slopes = and —, were arbitrarily taken on figure 16 at instances
dt

halfway between the recorded intervals of time. These were then resolved
into their components directed through and normal to the long axis of
the pilot:
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o
]

a8c 8in € + a, cos €

= + €
a a, cos € aA gin

The resultant acceleration a 1s the vectorial sum of the components a'

and a'.
PRECISION

The values of precision presented are the maximum values taken from
a composite of values given by all the models. The tumble results presented
herein are believed to be true values given by the model within the fol-
lowing limits:

aa’ deg‘ees e o o o e o o e o ¢ ® o o o & o e @ o o e o o o o 0o o o e o il
v, perCGnt e o o o o o o o o e ©® o o o e o e 6 o e+ o o e 6 e 5 ¢ e e o i5

The values of acceleration given herein are believed to be the true model
values with +20 percent.

The accuracy of measuring the weight and mass distribution of the
models is believed to be within the following limits:

Weigh'b’ percent e e e ® o o o © e o a 6 e 6 e 6 e o e e e e e e o o @ il
Center-of-gravity location, percent T . « « « ¢ ¢ o o ¢ ¢ o o o o o o %1
Moments of inertia, perc Nl o o o o ol .o o o ol 6 o o o oo 6 & o oo o o X

Controls were set with an accuracy of +1°.

Comparison between model and airplane tumble results cannot be made
as there exists no full-scale tumbling data. The following interpretation
1s given for the application of model results to the full-scale airplane
from the results of different methods of launching the model: If the model
tumbles when launched either with or without initial pitching rotation, it
i1s taken as an indication that the corresponding airplane could tumble,
although the airplane probably would be more likely to tumble if the model
starts tumbling when launched with no pitching rotation. If the rotation
stops after being launched with initial pitching rotation, the results are
interpreted to mean that the corresponding airplane will not tumble.

RESULTS AND DISCUSSION

An index to the data is presented in table III. The data are presented
in tables IV through XXITI. For convenlence, a code of symbols was chosen
to represent different results. The symbol A means that the model tumbled;
symbol B means that the model would not tumble and dived with slightly
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damped oscillations in pitch until striking the safety net; symbol C
indicates that the model would not tumble and dived with rapidly damped
oscillations in pitch which were completely damped before striking the
safety net; and the symbol D means that the model would not tumble
and dived with no oscillations in pitch, that is, the oscillations were
damped almost instantaneously at the termination of a forced initial
rotation. Figures 17 to 20 are reproductions of motion pictures of

the motions represented by the symbols A to D, respectively.

For tests of the models in which the ailerons and rudders were
deflected and for which the models did not tumble, the motion of the
model ag it dived in the tunnel was, as expected, dictated by the
particular control settings existing. Some of the specific motions
which the models performed were aileron rolls, spirals, spins, and so
forth. These resulting motions have not been included in the tables.

Effect of Dimensional and Mass Characteristics

Tumbling tests were made for conventional models with normally
located center-of-gravity positions (models 1 to 4) and no tendency to
tumble was indicated. It thus appears that alrplane designs having
conventionally located horizontal tails are not likely to tumble
irrespective of the external forces acting. Model 9, a tallless model,
wou'd not tumble when horizontal tail area, 5 percent of the wing area,
was added at approximately 1.5 mean aerodynamic chord lengths rearward
of the center of gravity. (See fig. 11 and table XII.) Increasing the
horizontal tail area of model 5 ( a tail-first, pusher-type airplane),
however, was detrimental rather than beneficial which 1s significant in
that 1t shows that the damping furnished by the horizontal tail area
(see fig. 6 and table VIII) is not necessarily the primary factor in
determining whether a design will tumble. Instead it appears that the
static longitudinal stability characteristics of the model are also
primary factors that determine the tumbling characteristics for a given
model. Reducing the static longitudinal stability either by rearward
movement of the center of gravity or by forward movement of the neutral
point increased the tumbling tendency.

None of the tailless models tested would tumble, irrespective of
the method of launching, when the center of gravity was located forward
80 as to provide a high degree of static longitudinal stability. With the
center of gravity in an intermediate location, some tailless models would
not tumble when launched from a nose-up attitude to simulate a whip stall
but would tumble when given forced initial rotation. Further reduction
in static stability caused these models to tumble even when launched from
a nose-up attitude to simulate a whip stall. (See tables X, XII, XIV,
and XV.) Figure 21 illustrates a tumble of model 9 with the elevator
full-up when launched from a nose-up attitude to simulate a whip stall, and
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figure 22 illustrates the same model with the elevator neutral and launched
in the same manner, diving with slightly damped pitching oscillations. a

Analysis of the results given in tables II, XI, and XXII, indicates
that models having a low aspect ratio and a high pitching inertia param-
oter (Iy/mb2), that is, loadsd chiefly along the fuselage, have less
tendency to tumble than do other tailless designs. For the models of low
aspect ratio and high pitching inertia paramster, mors rearward ceanter-of-
gravity positions could be tolerated without leading to tumbling than was
possible for models of high aspect ratio and low pitching inertia.

Effect of Controls

Study of the effects on tumble characteristics of deflecting longitu-
dinal controls indicated that such controls only had an effect when the
static longitudinal stability was marginal. When the center of gravity was
located so that the model had a high degree of static longitudinal stability,
the model would not tumble when the elevators were deflected full-up, neutral,
or full-down. When, however, the center-of-gravity location was such that
the model had a very low degree of static longitudinal stability, the model
would tumble irrespective of the elevator deflection. When the center-of-
gravity location was Intermediate, so that the model had marginal static
longitudinal stability, the model would either: (1) tumble with positive .
pitching rotation when the elevators were deflected full-up and would not
tumble in either direction for any other elevator deflection, (2) tumble
with negative pitching rotation when the elevators were deflected full-down
and would not tumble in either direction for any other elevator deflection,
or (3) tumble with positive pitching rotation when the elevators were
deflected full-up, tumble with negative pitching rotation when the elevators
were deflected full-down, or tumble in either direction when the elevators
were neutral. It therefore appears that recovery could be effected by full
reversal of the elevators for these marginal conditions. Ailerons and
rudder, with few exceptions, appeared to have little effect on tumbling.

It is not apparent from the data what effect slats have on tumbling
characteristics but it is believed that their effect depends upon the effect
they have on static longitudinal stability characteristics. (See tables 2QEIL
XIV, XV, and XX.)

Landing flaps and pitch flaps have the same effect as elevators and

may assist in stopping the tumble if deflected in conjunction with the
elevators against the direction of the rotation.

Parachutes as a Tumble-Recovery Device

The results of tests performed with models 9, 11, and 13 to determine &

the size, towline length, and attachment location for parachutes as a
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tumble-recovery device are presented on tables XIII, XVI, :and XXI, respectively ‘

The results generally show that a parachute on each wing will probably be
necessary to obtain tumble recovery. When only one parachute was used, the'
models generally continued to tumble or went into a spin (spinning to the
right when the parachute was installed on the right wing tip). The results
indicate that the length of the towline must be sufficient to allow the
parachute to clear the wing wake in order that the parachutes may operate
effectively. Tests of model 9 indicated that the towlines should be
attached to the airplane at the wing tips in order for the parachutes to
function properly. With the towline attached inboard from the tips on model
the towline and parachutes wrapped themselves about the wing and the model
continued tumbling. (See table XIII.) The sizes of parachutes required
for satisfactory recovery varied for the three models, ranging from 7 to
approximately 11 feet. The results of unpublished spin data for model 13
when compared with the results on table XXI show that the size parachutes
required for recovery from a spin when two wing-tip parachutes are used
will also provide recovery from a tumble. A typical tumble recovery by

use of parachutes is shown in figure 23 for model 9.

Accelerations

Computations of accelerations which would be encountered at the pilot's
head during a tumble were made for models 9, 11, and 13. Computations for
models 9 and 11 were based on an average of the angular velocities encoun-
tered during the tumble, whereas those for model 13 allowed for the vari-
ation of the rate of tumbling rotation. The caomputations for model 9
(not presented in tabular form) were made for the tumble which had the
Tastest average angular velocity. For this tumble, the average tumbling
rate of rotation was 6.3 radians per second and the accompanying accel-
erations were 4.3g units. The results for models 11 and 13 are presented
in tables XVITI and XXTII, respectively. As indicated in table XVIII for
model 11, the average rates of rotation for several tumbles ranged from
6 to 8 radians per second and the corresponding accelerations ranged from
5g to 10g, approximately. The results for model 13 (table XXII) are for
a tumble during which the tumbling rate of rotation during one revolution
varied from about 1.5 to 4.5 radians per second, full scale. The resultant
acceleration varied from approximately 1lg to lhg and the component of
acceleration along the long axis of the pilot varied from approximately
2g to -3g while that component normal to the long axis varied from approxi-
mately 1 to 14. The average angular velocity for the tumble of model 13 was
approximately 3 radians per second and based on this average value, an accel-
eration of only about 4.5g units would be obtained. It appears, therefore,
that in order to obtain a true picture of the accelerations, considerations
must be given to the variations of tumbling rates of rotation in any one
tumble. The distance of the pilot from the center of gravity (about which
the rotation may be assumed to be) is also a critical factor being much
larger for model 13 than for models 9 and 11.

95
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In order to obtain the true acceleration to which the pilot will react
physiologically, the effects of gravity (1lg) must be added to the calculated
results. TLittle is known about rapid repetition of exposure to short-period
accelerations, but negative accelerations directed through the long axis of
the pilot (a') are the least tolerable. Reference 2 indicates that continued
exposure to negative accelerations of 3g may cause symptoms of concussion of
the brain and that negative accelerations of 5g may result in massive
cerebral hemorrhage and possibly death. It is indicated in reference 35
however, that negative accelerations of 3.6g have been tolerated for periods
of 7 seconds without any apparent ill effects on the subJect. Reference 2
further indicates that positive accelerations (such as, to push the pilot
down in the cockpit) of 5g will probably cause temporary loss of vision and
that forces of 6g to 7g will cause loss of consciousness. Also it is
pointed out that continued accelerations normal to the long axis of the
Pilot are not well tolerated above 12g's. Although no information is
available with regard to tolerance of exposure to repetitious accelerations,
it is concluded that the accelerations encountered during a tumble may be
exceptionally dangerous to the pilot.

Pilot Escape

Study of the accelerations acting on the pilot in a tumble indicate
that it may be very difficult for the pilot to climb out of the cockpit
if 1t becomes necessary for him to leave the airplane during a tumble.
Aid from an ejJection-seat arrangement may be required. The results of
brief tests of models 11 and 13 indicate that if the pilot can climb out
of the cockplt and Jump, he will not be struck by any parts of the alr-
plane, in that the results showed that the model pilots cleared the models
by a large margin in each of several attempts.

CONCLUSIONS
On the basis of the results of tumble tests of 1% dynamic models,

the following conclusions are made.

1. Conventional airplanes will not tumble, whereas tailless and tail-
first airplanes may tumble.

2. Increasing the static longitudinal stability tends towards the
prevention of tumbling.

3. Tailless airplanes having low aspect ratio and a large pitching
inertia parameter (#Y/hb2> are less likely to tumble than those having
high aspect ratio and a small pitching inertia parameter.

L. Ailerons and rudder have little or no effect on tumbling.
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5. Movement of the elevators to oppose the tumbling rotation will
generally be effective in producing recovery from a tumble when the static
longitudinal stability is marginal.

6. Two parachutes, one attached to each wing tip, will generally be
effective in producing recovery from a tumble.

7. Accelerations in a tumble may be exceptionally dangerous.
Langley Aeronautical Laboratory

National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF MODELS TESTED

[Model values are presented in terms of

corresponding airplane values)|

NACA RM No. L8728

>

Airplane ik 2 3 4 5 6 T
1 1 d S A= = 1
ModoLiscats 18 20 20 16 16.95 17.8 N
Over-all length 27.04 30.17 29.75 15.00 29.58 29.46 50.70
Wing
aj
Span; Bt o 0 v 5 0 e e 39.0 3k.0 35.0 21.12 bi:g'gg 5k.0 134.0,
Area, 8q £t . . . . . . 258 213.22 23 100 ;gggg 356 1800
Aspect ratio . . . . . s 5.9 5.43 5.28 4.1 g?{-gé 8.2 10
Root chord, in. 98.6k4 98.6 100.0 85.71 92.0 116.6 279.6
Tip chord, in. 64.8 50.0 60.0 28.58 :’gg;‘z } 43,97 46.8
Taper ratio . . .. .. 0.66 0.51 0.60 0.33 ag.age 0.376 0.167
T.69
Cy BE 01010 (O KGO 0 83.3 80.64 83.16 61.91 b6T- by 85.82 190.8
Leading edge of ¢
rearward of leading
edge of root chord,
S A 3.08 5.41 142.85 11.36 #61.08 -29.1 8.8
b62.88 (forward )
Twlstlldegsceic it 0 0 (o] (o} % washout 1.5 washin 1.5 washout
5.5 at 4.0 at 4.5 at 2 at
Dihedral, deg . . . . . 30 percent 0 percent L.y -k.0 25 percent 25 percent L
chord chord chord chord
Sweep at quarter
chord, deg . . . . . 0 kl(back 0.75 back | 0.8 bacy 34.0 back 28.5 back 15 forward 11.2 back
CYE (expended NACA-103 with
Sectian root . . . . . . to 18 percent | \---------- gggl; gfg‘i‘o 6508-4(;015 g‘gg‘:e 15° reflex
and modified) of 0.208
Horizontal tail
Upper vee, 5.17 ag,92
Bpen et RN 14.83 13.0 11.0 R e o 11,31 None None
Areay By Tt oo 61.12 11.20 30.48 ‘I’g{’,:’l: o ]2_?:23 bﬁ:gg None Nons
Elevator
Tall firet On inboard On inboard
Type . « « « « . . Normal Normal Normal Rudevators all movable ‘trailing edge railing edge
of wing of wing
218.63
Total area, sq ft 27.07 17.30 12.02 4.86 bo1.50 36.40 156
Distance from center of
gravity to hinge To quarter chord;
Tdne ) £EN. S TR 17.15 16.83 16.47 L.97 upper vee 15.95 5.k2 10.%
5.74 lower vee
Vertical tail
Vertical fins 8.32
Area, sq £t . . . . . . 25.TT 19.01 14.36 center vertical 27.8 43.5 180
tail 7.55
Rudder
Dual wing-. Dual wing-
Ty De Ll el S s e e FNormael Normal Normal Rudevators tip rudders Normal {; 1p rudders
Aven, 8g £t ¢ . ¢ . 4 o 13.53 11.07 8.03 See 13.01 19.4 90
Distance from center of
gravity to hinge
ine, 2t © o v .o - 17.08 17.25 16.77 Elevator 7.97 12.31 12.83
Iateral control
Type o S el e Ailerons Ailerons |Ailerons Allerans Ailercns Ailerons Ailerons
Span, percent b/2 . . . 36.62 39.0 40.5 40.3 39.11 52.85 50.3
Area rearward of hinge
1ine, 89 £L o o o o 21.62 12.76 12.32 2.8 15.2 36.4 110
Control deflections
c 30R 30R 30R 15L ght: LOR, 11T, 25R J50R
Srii0es R e oL, 30L 30L 158 £t: 11R, hoL jE‘)'L 50L
d gy, deg . . . 300 350 300 300 60U %30!1 ou
02 tT 0D 15D \15D 15D 60D 20D 10D
a5 deg 300 250 25U 200 28U 200 50
CERac 15D 10D 10D 20D 9D 15D 15D
20riginal. v‘:!:w
PRevised




1, left; R, right.
‘U, up; D, down.
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF MODELS TESTED - Concluded
Airplane 8 9 10 19 12 13 1k
L i | 1 L1 1 i
edoludcalo 16 20 57.33 16 60 17.55 20
Over-all length 28.13 17.78 50.9 1k.25 54.0 36.44 41.37
Wing
Span Pt o o aieie e 23.3 60.0 172.0 39.0 290.0 38.67 29.42
R R D 427.0 490 Lo20 293.31 7920 496 375
Aspect ratio . . . . . . 1.27 7.36 T.36 5.19 10.6 3.01 2.31
Root chord, in. . . . . 280.0 157.0 450.0 1.6 480.0 192.0 305.8
Tipichopd, M.« o o o of —=o-cmmmacaan 39.0 112 35.84 96 116.0 o
Taper ratlo « o « o o o —mm=—cecceaen 0.248 0.248 0.253 0.20 0.60 0
8, Abn o e T O O 238 109.8 315 102.3 375.6 157.0 203.9
Leading edge of ¢C
rearward of leading
edge of root chord,
in. e el Gh e 10.02 69.7 200 k9.3 20.88 83.56 101.9
LB, GeR . tote o o o (o] 4 washout L washout 0 0 0 0
2 at 2 at 1 at
Dihedral, deg .+ « « + « (0] 25 percent 25 percent 5 percent 0 0 0
chord chord chord
Sweep at quarter
chord, Sdegl s o o s 0 21.9 back 21.9 back 24.9 back 0.6 forward 5 back 37.6 back
RACA NACA NACA NACA NACA YA 7(00) NACA
Section o0t v .« « & . o 0016 65,3-019 65,3-019 62,2-018 63,4-020 (12)-(1.1) 65-006.5
-(1.0)
Horizontal tail
Spany FENSN. o < e e s 18.74 None None None None None None
T RO R 5 O 48.0 [|----- L L 40-—mmm | mmmmam G [ ST P d0-~—~—] ~——do-—o-
Elevator
On inboard
BIPOY e sialn @ 5 s . . Elevons Elevons Elevons Elevons trailing edge Elevons Elevons
of wing
27.3 (rearward
Total area, sq ft . . . x8.0 31.85 {of Yings line)} 32.61 24o 5h.4 33.31
Distance from center of
gravity to hinge
THRa s e o 11.45 {“-9 8—“‘;"“‘*} 16.85 5.02 27.2 12.76 10.53
P
Verticel tail
Area, BQ £t . . . .. .| 282 ! None ' None ( 37.2 l 92 , 122.4 l 67.0
Rudder
Type .+ + «« o n + .. .| Dual rudders|Split rudders | Split rudders |Split rudders| {PUOL WINEEID|, ( Dual |5 §oma)
Area, 80 PE s . auel e 13.52 14.63 120.0 21.68 306 32.0 13.8
Distance from center of
gravity to hinge 15.15 to
Tine, P8 . ¢ o . o o o [K12+23 %O TOD 7.68 22.05 5.65 10.8 top of 11.86
of hinge line hinge line
Lateral control
TYP® « « o« + « « « + « o | Elevons Elevons Elevons Elevons Allerons Elevons Elevons
Span, percent b/2 . . . See See See See = See Ses
Area rearwerd of hinge
Iine, Hy B o o e Elevator Elevator Elevator Elevator 638 Elevator Elevator
Control deflections
5 Gl SR s O 25R 60U 60U Lsu } 30R 25R 30R
L 25L 60D 60D F‘ 45D 30L 25L 30L
10.50 ou
45U 24y 200 10.5D } 10D 3 200
Boy 408 « o ¢ o 0 o » b 210
15D 11D 10D ™ 300 20D 20D
100 170 150 I S0 100 | [isv 150
Bay 008 o v o + o o o <b 14T = e
10D 13D 15D l i 3 5 15D
20riginal, ~_NACA
DRevised.




NACA RM No. L8J28

TABLE II.- MASS CHARACTERISTICS OF MOTELS TESTED

ﬁmdel values are presented in terms of full-scale va.lnea

Airplane
c relative
enter-of -gravity density Mnm?nta of ingx)-tia Pitching inertia parameter|
Weight location slug-feet
Model Condition (1) ) (Iy
x/c 2/T | Sea |Altitude I T nh2,
level (£t) X Y T2 "
6,000
1 Normal 5,938 |0.272 -0.045 | 7.67 319 3,223 5,931 8,752 0.021
2 Normal 7,406 | .2u8 .100 [13.3 %ogg 5,201 6,077 10,704 .023
8,000
3 Normal 6,212 | .20 .135 |10.0 .72 2,750 4,560 6,8% .019
i Normal 4,552 | -216 -.013 |28.2 1&?20 T40 1,199 1,509 .019
10,000
5 Normal 7,698 | 117 -.015 |11.89 16.11 4,257 11,024 14,523 .028
6 Normal 3,846 | .18 -0% | 2.61 | 154390 5,084 4,369 9,365 .013
Normal; landing
Qgear' Jottisoned | 3,07 | -16 -035| 2.38| 3.79 4,789 4,275 9,096 .013

Center of gravity
5 percent ¢C 3,846 | .13 -.05 | 2.61| L4.13 5,084 4,86k 9,860 .01k
forward, normal

Center of gravity
5 percent T 3,846 | .23 -.052 | 2.61 | 4.13 5,084 3,844 8,840 .011
rearward, normal|

Fully loaded 7,886 | .18 -.010 | 5.35( 8.51 5,664 4,738 10,204 .007
7 Normal 60,600 | .21 o |l 1,156,577 | 232,708 | 1,392,379 .007
8 Normal 16,858 | .263 .005 | 22.05 1§5°gg 18,296 15,367 33,703 .05k
9 Normal 6,526 | .29 -0k | 2.91 13:%20 19,138 2,274 21,298 .003

Center of gravity
5 percent C 6,694 | .24 -.0k 2.98 | L4.73 19,132 2,679 21,709 .00k
forward, normal

10 Normal 155,000 | 275 -.01k | 2.93 2‘;"058" 3,380,000 | 433,500 | 3,769,000° .003

Center of gravity
7.5 percent T 155,000 | .200 -.01k | 2.93| 5.5% 3,380,000 | 433,500 | 3,769,000 .003
forward, normal

1n Normal y,602 | 251 0L9 | 5.29 13:'3:0 6,07k 1,030 7,102 .005
Ttamedate 9,000 | .268 011 | 10.29 |16.36 9,5% L520| 11,120 00k
Maximum gross

Syperla 13,291 | .268 011 [15.18 | 24,24 19,151 1,95 20,902 -003

Center of gravity
13.2 percent © | 4,642 [ .383 049 | 5.29 | 8.2 6,07k 1,030 7,102 005
rearward, normal)

12 Normal 317,000 | .20 0 1.8 2‘;»";30 36,513,234 | 10,018,370 | 36,513,234 .012
317,000 | .26 1.0
317,000 | .275 1.0
317,000 «300 1.0

13 Normal 1,517 | 267 -.00k | 9.89 | 12090 13250 | 22,943 35,021 203k

Center of gravity
7.71 percent ¢ | 14,484 | .24 -.003 | 9.87|15.68 13,250 23,810 35,887 .035
rearvard, normall

Center of gravity
6.31 percent © | 14,484 | .226 -.003 | 9.8615.68 13,437 25,412 37,640 .038
rearvard, normalf

1k Normal 11,648 | .2k .014 | 13.80 | 21.93 3,989 27,619 29,557 .088

~_NACA




TABLE III.- INDEX TO TABLE NUMBERS IN WHICH THE RESUITS ARE PRESENTED FOR EACH MODEL TESTED

Model Tumbing Tumble-recovery Pilot-escape Accelerations
characteristics parachute results results in tumblss
i Iv
2 v
3 VI
e VIT
<. VIEL
6 IX
7 X
8 XI
9 XIT XIIT
10 XTIV
L XV VI XVIT XVIIT
12 XIX
i3 XX XTI XXTT
1h XXTTI

gergT °"ON Wi VOVN
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TABLE IV.- TUMBLING CHARACTERISTICS OF MODEL 1

@brmal loading; clean condition, ailerons neutr%ﬂ

Behavior of model

Method of Tunnel airspeed, (a)
launching full scale Rudder :
del (fps) Longitudinal stick position
Full back Neutral Full forward Free
Positive
pitching 131 Right D D
rotation
Do-~-~- 167 --do-- D
Negative
pitching akghe Neutral D
rotation
Do==== i3 Right D D
Do~—=== 131 --do-- D D
8Key

D No tumble; dived with no oscillation in pitch.

9T
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TABLE V.- TUMBLING CHARACTERISTICS OF MODEL 2

Eﬁormal loading; clean condition; ailerons neutraéJ

Behavior of model

a
Method of | Tunnel airspeed, (2)
launching AL e e S Longltudinal stick position
model (fps)
Full back | Neutral | Full forward | Free
Positive
pitching 176 Right D D D
rotation
Negative
pitching 176 Neutral D
rotation
Do-=--- 176 Right D D D D
8Key

D No tumble; dived with no oscillation in pitch.

gcQT "ON WY VOVN
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TABIE VI.- TUMBLING CHARACTERISTICS OF MODEL 3

EYormal loading; clean condition; ailerons neutrai]

Behavior of model

Method of | Tunnel airspeed, (2)
launching full scale Rudder

model (fps) Longitudinal stick position

Full back | Neutral | Full forward | Free

Positive

pitching 176 Right D D D

rotation
Negative

pitching 176 Neutral D

rotation

DeE=ss 170 Right D

Do=—== 176 ---do-- D D D
&Key

D No tumble; dived with no oscillation in pitch.

8T
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TABLE VII.- TUMBLING CHARACTERISTICS OF MODEL L4

Normal loading; clean condition; rudder neutral;
flaps and landing hook retracted; tunnel
airspeed for all tests was 161 feet per second,

full scale]
Behavior of model
(2)
Method of |[Lateral
launching | stick Longitudinal stick position
. model position
Full back|Neutral|Full forward
" Positive
pitching|Neutral C C C
rotation
Do----| Right C C C
Do----| Left C C C
Negative
pitching|Neutral C C (6
rotation
Do----| Right C C C
Do----| Left C C C
aKey

C No tumble; dived with rapidly damped
oscillation in pitch.




NACA RM No. L8728

TABLE VIIT.- TUMBLING CHARACTERISTICS OF MODEL 5

[ﬁorm&l loading; ailerons neutral; rudders neutra;l

Behavior of model
(2)
Method of [Tunnel airspeed
Model launching | full scale | Longltudinal stick position
configuration ol (£ps) ’
Full forward | 1/2 forward 0 |17° down 1/2 back or | Full back or
or 600 up or 30° up 30° down 60° down
Small elevator,| Positive
small wing pltching 193 B A
tips rotation
Do--=m=m===== ==-do=~= 163 A
Negative
Do--=~===-==~- pitching 163 B B A
rotation
Do--===m=mmn= ---do--- 193 B
Simulated
Do-==r-=~=-== whip 193 B
stall
Do----=====-- ---do--- 10k B
Do---=====--- ---do--- 13h o
| Small elevator, | Positive
large wing pitching 163 c A A B B
tips rotation
Negative
Do==-======mc pitching 163 B A, C A A
rotation
Simulated
Do---=-====== whip 122 c
stall
Large elevator, | Positive
large wing pitching 163 (e} A A
tips rotation
Negative
Do=s===c-===s pitching 163 A A B
rotation
Simulated
Dos=——c=coccr whip 122 c (¢] (0]
stall
Large elevator, | Positive
small wing pitching 163 A A
tips rotation
Negative
Do--==-=r==== pitching 163 A A A
rotation
Simulated
Do---=-===-=- vhip 17h © ¢
stall
Positive
No elevator pitching 163 A
rotation
Negative
Do=========n= pitching 163 / A
rotation

ey
A Tumbled.

B No tumble; dived with slightly damped oscillation in pitch.
C No tumble; dived with rapidly damped oscillation in pitch.




NACA RM No. L8J28

TABLE IX.- TUMBLING CHARACTERISTI&S OF MODEL 6

Behavior of model
(2)
Method of Tunnel Rate of 1a:
Change from original Loading launching |8irspeed, | descent, |gpiqger Eﬁ::l Fongioatnal ‘skiok position
clean confi, tion full scale|full scal
gura; model e (208) 8 PositionfFullf .- 11/3 forward|2/3 forward - Full
back| 10 down 20 down |forward
30 down
i Negative
Landing gear onj Normal pitching 63 e Neutral|Neutral | ¢
spoilers neutral Yotation
Do - d ====do---~ 63 96 --do-=-|-=-do--- A
Do-======== [-===mne do ====do-==- 63 87 --do---[---do--~- A
----do---~ 63 25 left d c A .
Dt | ey do-====~== =-==do--=- 63  |--mmm=em-- Neutral| Left | D A A
Positive
Do - d --| pitching 63  |mm=mmme--- --do---|Neutral | A c
rotation
====dD===< 63 G --do=-~-[-=-do--- A
gEesdos=ss 63 |mmmm==mom 25 left|---do---| A A [}
---=do==== 63 |-mmmmmema- Neutral| Left [ A A c
iy A Negative
Tanding gear onj pitching 63 ---do-- |Neutral | D A A
spoilers extended rotation
Do a -==-do==-~ 63 95 -=-do==|-==do--~- A
Positive
Dom===mmmmm [mmmme do---==--- pitching 63 9% ---do--[---do---| A
rotation
Dom-=--====[cmmeu== do-===---~ ==—=do--=— 63  |-=m=mmm-- ---do-- |---do-~~ c c c
Spollers neutral; [Center of gravity|Negative
landing gear 2 percent ¢  pitching 63 -- ---do-~- do D A A
Jettisoned forward rotation
Do do d 63 88 -=--do=- |===do=~~ A
Do -- do d 63 91 -=--do--|---do-~-| A
Do===m==== B dommmmm==n ---=do=-== [ N -==d0=~ |===do=~~ B D D
" Center of gravity|Negative
e e iy | 5pawet 2 pitching | 63  [------moo- ---d0--|---d0---| C ¢ A A
forward rotation
Positive
Do a -| pitching 63 |mmmmmmee- ---do-- |---do-~-| A c (i c
rotation
Center of gravity|Negative
Do======== ~| 5 percent € pitching 63  |rmmmmmee-- --=do=-- |-==do-=~-| C A A A
rearvard rotation
Positive
Do-======== |-=-=mm= do--====~- pitching 63  |-mmmemmee- ---do-- |[---do-r-| A A A c c
rotation
Negative
Spoilers neutral Fully loaded pitching | 102.1  [-==-===-=-= =-==do-- |---do---| C A A
rotation
Positive
Do a pitching [ 102.1  [-===--=--- ---do-- [---do---| A c D
rotation
Released
in a
Minimm f Hosszup
Do--=====-= welght r | 38 100 er~do=~f===dor=-| B
simulating
a whip
stall
Dom======m= |mmmmmmm do======== -=--do---- 38 102 ---do=-~- [--=do-~-~ B
Dom==mmmmm= |mmmmmm e dom=====nn -===do---= 38 d d D
----do---- 38 5 left|---do---| B B B
Do- dor -=-=do---- 49 |emememmmen [Neutral | Left B B B
ey
TN ~NACA ~
B Wo tumble; dived with slightly damped oscillation in pitch.
C No tumble; dived with rapidly damped oscillation in pitch.
D No tumble; dived with no oscillation in pitch.




TABIE X.- TUMBLING CHARACTERISTICS OF MODEL 7

[Flaps up; rudder neutral]

Behavior of model

(a)

Loadi Method of launching Alleron
CRE-LS model deflection Elevator deflection
10° up 0°
e Positive pitching Both 10° up A
rotation
Do==———cs-c=mascs Nose-up attitude ==—=do===== D
Center of gravity 4 percent © | _______. dommmmmmmmm 00 A
rearward, normal
Do-----====----mo | =mm--oe- do--==-===-- Both 10° up A
Center of gravity 3 percent © | . _____ | _--__ .
rearward, normal e ge =
Center of gravity 2 percent T
rearward, normal ac e D

aKey
A Tumbled.

D No tumble; dived with no oscillation in pitch.

[
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TABLE XTI.- TUMBLING CHARACTERISTICS OF MODEL 8

Eﬁormal loading; clean condition; rudder neutral; ailerons neutralj

Behavior of model

Method of lawnching Tunnel airspeed, (a)
model full scale
(fps) Longitudinal stick position
Full back | Neutral | Full forward
Released in a nose-up
attitude simulating
a whip stall without 188 6 C %
rotation
Pogitive pitching 188 c é
rotation
Negative pitching
rotation 188 C c
Koy ﬁ“mli,-r

C No tumble; dived

with rapidly demped oscillations in pitch.

8eLgT °ON WY VOVN
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TABLE XII.- TUMBLING CHARACTERISTICS OF MODEL 9

Behavior of model

Change from Landing Pitch Method op| Tumnel Lateral (a)
original Loading tiop o= HCTGHERG launching alrsp eei, stick
clean deflection| deflection gear model fulz.fsca e position Longltudinal stick position
configuration (aeg) (aeg) ps)
Full back | Neutral | Full forward
Positive
None Normal 0 0 Retracted | pitching 65 Full laft A A
rotation
Dor e a e | RCeCSees do--===--- 0 0 ---do---- | -=-do--- 65 Neutral A, B A A
Do-—====c= | =====-- do---===== 0 0 ---do---- | ---do--- 65 Full right A
Negative
Do s S do D emaeTe 0 0 ---do---- | pitching 65 Full left A A
rotation
B TaT s | | e s do-==~=m=== 0 0 ---do---- | =-=-do--- 65 Neutral A, B A A
Do--======| —====um qo-======= 0 Q ---do---~ | ---do--- 65 Full right| A, B
Equivalent Positive
propeller fin [ ------- do-=-=---~ 0 0 ---do---- | pitching 65 Full left A A
area installed rotation
e | S o=t 0 0 ---do---- | -==do--- 65 Neutral A A A
Dom=——=m== | ======c do---=-==-= 0 0 ---do-=-- | ---do--- 65 Full right A
Negative
Do=====—=r |l mm=cen= do=-==-=== 0 0 ---do---- [ pitching 65 Full left A A
rotation
Do e | BERTEEE do=c===== 0 0 ---do---- | -==-do--- 65 Neutral A A A
Do--=====n | m=eeee do---===-~ 0 0 ---do---- | -=--do--- 65 Full right A
Center of gravity
5 percent ¢ Positive
None forward for 0 0 ---do---- | pltching 65 Full left A A
flight-test rotation
condition
Po==ommsr= 0o ool do====e=== 0 0 ---do---- | -=-do--- 65 Neutral A A A
Do-=--==== | =ccc=ua do=====n=~ 0 0 ---do--== | -=-do--- 65 Full right A
o S
A Tumbled

B No tumble; dived with slightly demped oscillation in pitch.

U
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TABIE XII.- TUMBLING CHARACTERISTICS OF MODEL 9 - Continued

Behavior of model
Change from Landing Pitch Tunnel (a)
original flap flap Landing !;I:thoiiof airspeed, Latir;l
clean Loading deflection | deflection gear :ln; lng full scale ssigi Longitudinal stick position
configuration (deg) (deg) 882 (£ps) = o i
Full back | Neutral [Full forward
Center of gravity
5 percent ¢C Negative
None forward for 0 0] Rétracted | pitching 65 Full left € AIC
flight-test rotation
condition
Dosr=e——m= || moe === do===mm=m~ 0 0 ---do--=-- | ---do--- 65 Neutral C c A, C
Dommmrmmm= | —mmme=a do=======~ 0 0 ===do==-= | ===d0 === 65 Full right C
Auxiliary leading- Pogitive
edge 20-percent- Normal 0 0 ---do---- | pitching 65 Full left A G
spen slats rotation
installed
Ty mmaa) |t A0===m == 0 0 -=-do===- | ===do=--- 65 Neutral A A A
Do-====m=m [mmm———— do-==-===== 0 Q ==—do-—==ti==odp=== 65 Full right A A
Negative
Doy e = e | LN e F P 0 0 ---do---- | pitching 65 Full left A A
rotation
Diesaraase s occs o=~ 0 0 ---do--=--| -=-do--- 65 Neutral [ A A
Do=====cee |=mccaan do======== 0 0 ===do====[ ===do--= 65 Full right A A
Auxiliary leading-
Positive
gdeslt recenul e o= 0 0 ---do---- | pitching 65 Full left A g
span slats rotation
installed
DN (e do==mmmmm— 0 0 ---do--== [ ==~-do--- 65 Neutral A A A, C
o e e oo e e Aor = 0 0 ---do---- | =~-do--- 65 Full right A A
Negative
Do-——=mmem | ==cmens do=-======= 0 0 ---go~---- | pitching 65 Full left c A, C
rotation
D[t e i e S o 0 0 ---do---- | =~-do--- 65 Neutral c A A
Do=e=r——=elle et oo do====-=== 0 0 ---do-=-- | -~-do--- 65 Full right c A, C

A Tumbled.

C No tumble; dived with rapidly damped oscillation in pitch.

QergT "ON WY VOVN
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TABLE XIT.- TUMBLING CHARACTERISTICS OF MODEL 9 - Continued

Behavior of model
Change from Landing Pitch Tunnel (a)
original Loadi flap flap Landing B{:Eﬁ:g 1§f airspeed, L:::Z;l
clean ng deflection | deflection gear Srael €| fu11 scale osdtion Longitudinal stick position
configuration (deg) (deg) (£ps) &
Full back | Neutral |[Full forward
Split-type rudders Positi
installed and il
+£00 Normal 0 0 Retracted | pitching 65 Full left A A
deflected +60
rotation
on both wing tips
Pot-ererer HESEE 3Q=~ e 0 0 ---do==-- | ==-do--- 65 Neutral A A A
Por=m=cmr=a | cs=w= do====== 0 0 ===do-=--- | ---do=-=~ 65 Full right A
Negative
Do~ =-li| e G0~—==== 0 0 ---do---- [pitching 65 Full left A A
rotation
DO e e L g =S 7 0 0 ---do==== [==-do--- 65 Neutral A A A
Do-=r===mce | —eawn da====== 0 (o] -=~do---- | ---do--- 6 Full right A
Positive
Landing | =---- do------ 50 down 26 up Extended |pitching 65 Full left A
rotation
et | e do=----- 50 down 26 up --~do==-= |---do--- 65 Neutral A A A
Do====m==== | cmees do===---- 50 down 26 up ==cdo=sscllli=—=do=== 65 Full right A A
Negative
e | S do=-~==~= 50 down 26 up ---do---- [pitching 65 Full left A
rotation
Do==-=-==== | mccu- do-=---- 50 down 26 up ---do---- |---do--- 65 Neutral A A A
LT ol solaoen 26 up  |---do---- [---ao-—- 65 Full rignt| A A
Horizontal
area = 10 percent Positive:
ving area | _____ do-=----- () 0 Retracted |pitching 65 Full left c c
installed on a rotation
boom rearward of
the model
Dosasmc=cmm (limce—x do=--=-- 0 0 ---do-=-- [---do--- 65 Neutral c c c
Dom=m=mmmm= | cmeen do=-=-=--- 0 0 ---do---- |---do~-- 65 Full right c c
ey
A Tumbled

C No tumble; dived with rapidly damped oscillation in pitch.

o2
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TABIE XIT.- TUMBLING CHARACTERISTICS OF MODEL 9 - Continued

Behavior of model

Change from Lending Pitch Tunnel (a)
original Thaitn flap flep Lt e ﬁzﬁgﬁiﬁg atrapeed, | 1O
clean 8 deflection | deflection gear odal full scale e it ion Longitudinal stick position
configuration (deg) (deg) (fps) ¥
Full back | Neutral |Full forward
Horizontal
area = 10 percent Negative
ng e o Normal 0 0 Retracted | pitching 65 Full left c o
boom rearward of garation
the model
DO e ot EERY. Y e 0 0 ---d0-=-=|---do--~ 65 Neutral c c c
Do====mmmmean —e==do====== 0 0 -==do====- |---do--~ 65 Full right c (o}
Horizontal
:i‘:: ;rzapercent Positive
I Retallettenta | % do===== 0 0 = (e pi:c}:ing 55 Full left C C
boom rearward of peEesn
the model
Dossrmcroens || sames d0====== 0 0 -==do-=== [-==do--~ 65 Neutral (¢} c (o}
S e d0-=-=== 0 0 -==d0==== |===do--~ 65 Full right c
Negative
Porressmenn I uwiwen Bps~wen 0 0 ---do---- |pitching 65 Full left c c
rotation
i B s 0 0 ~-=d0-===|-==do=-~ 65 Neutral c c c
Do==wmmmmmmm | mmmme do==v-=- 0 0 ===jo==== |===do-==~ 65 Full right C
Horizontal
area = 2 percent Positive
wing area e R 0 0 ---do---- | pitching 65 Full left A A
installed on a rotation
boom rearvard of
the model
0 S e | ] i do====~- 0 0 ===@0==== | -=dO=== 65 Neutral A 4,0 A
Dosr e mmmsmn | S do==~== 0 0 ---d0====|-=-d0-~-~- 65 Full right A
egative
DO =S nn ] e d0===== 0 0 ---do---- [pitching 65 Full left A A
rotation
Gy I - o SIS Il AT 45 0 0 ~==dQ====|===do==- 65 Neutral A, C A A
Dk cndt e | s T 0 o ~==d0====|-aedo==~ 65 Full right A
EKey
A Tumbled.

C No tumble; dived with rapidly damped oscillation in pitch.

QcQT "ON WM VOVN
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TABIE XIT.- TUMBLING CHARACTERISTICS OF MODEL 9 - Continued

3c

Behavior of model
(a)

Change from Landing Pitch Method of | Tumel | Lateral
original Loading flap flap Landing |launching | alrspeed, stick
clean deflection | deflection gear model full scale position Longitudinal stick position
configuration © (deg) (deg) (fps)
Full back| Neutral [Full forward
Released
without
rotation
None Normal 0 0 Retracted |from a 75! Full left A, B A, B
nose -up
vertical
attitude
Do=-=m=mme [memmeen do-m====== 0 0 ----do--- | ---do=--- (p) Neutral A, B A, B A, B
Do=======m | ==meee ~do-m====n= 0 0 ----do--- | -=-do~--- 75 Full right A, B
Equivalent
propeller fin  |------- do-m==m=== 0 0 -==-do=-- | ---do--- 765) Full left B
area installed
Do-m====== | =meeeee do-=mm==== 0 0 ----d0=-- | ---do=-~-- i) Neutral 4, B A, B A, B
Do=mmmmmmn [ mmmmeee do--====== 0 0 ----do--- [ ---do--- 75 Full right A, B
Center of gravity
None 5 percent ¢ 0 0 ----do--- | ===do--~ 75 Full left (o c
forward
Doma=seencl |mn=mea Ao c=m=mn=r 0 0 ~--=Gg--- | -=-do==-~ &) Neutral ¢ [ (]
Domemmomme [mmomaee do-=====--- 0 0 ----do=-== [ ---do--- (6 Full right c c
20-percent-span
auxiliary Normal 0 0 --=-do-== | ---do--- Full left c Cc
leading-edge © & ©
slats ingtalled
Do-cm=m=== | =m—csex dosassc=te 0 0 ==-—do-~='| ==-do=== {15 Neutral A, C A, C (o
Do-wmmmmmm [mmmemen do======== (0] 0 ----do--- | ==--do--- 75 Full right C (o}
35-percent-span
awdliary  foeeeaas do====mm== 0 0 ----do=-~- [ ---do=--- 75 Full left c c
leading-edge
slats installed
Do-w—===== [==ceeax do=am=a=n= 0 0 ~-=--d0--- | -~--do--- ™ Neutral A, C C (o
Do=s==mm== [=mmmmme G 0 0 ----do--= [ ~--do=--- 75 Full right (5 G

"ty
A Tumbled.

B No tumble; dived with slightly demped oscillation in pitch.
C No tumble; dived with rapidly damped oscillation in pitch.
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TABIE XII.- TUMBLING CHARACTERISTICS OF MODEL 9 - Continued

g2LgT 'ON WY VOVN

Behavior of model
Change from Landing Pitch Method of Tunnel Tatarail (a)
original Toading flap flap Landing launchi;g airspeed, stick
clean deflection | deflection gear model full scale position Longitudinal stick position
configuration (aeg) (deg) (fps)
Full back| Neutral | Full forward
Released
Split-type rudders without
installed and rotation
deflected *60° Normal 0 0 Retracted | from a 5 Full left B B
on both nose-up
ving tips vertical
attitude
Do=mmmmmmmn | mmmemee do-===-=-= 0 0 ~---do-== | ===do--- 5 Neutral B A, B B
B el do=====muu 0 0 ~=--do=== | ===do--~ 75 Full right A, B B B
Landing = |-==--- do=====mmn 50 down 26 up Extended | ---do--- T Full left c [
Dommmmmmmmm femeeas QO =mmmmmmm 50 down 26 up ~===do=== | ===do=-~~ Vi) Neutral (o] c (¢}
Dommmmmmmmm [ dOm=mmmmam 50 down 26 up ~=--do--= | ===do--~ () Full right c c
Landing flaps
deflected and
------ do-==mmmum d 0 ~=--do=--| ==-do--- Neutral (o] c
landing gear & SIS 0 () & [¢}
extended
syt |t do==cccccn 50 down 0 ~==-d0=== | ===do--- 75 Full right (e]
Lending flaps —  [-ooooo do==m==mnm 50 down 0 Retracted | -~-do--- 75 Full left e (v
deflected
Do==mmmmmmn [mmmean do===mmmum 50 down 0 ~===do===| ===do==~ i) Neutral (o] (o} c
Do-==m=mmee | emeees do--====um 50 down 0 ~==-d0=--- | ==-do--- 7 Full right (]
Landing gear ~  |_ooo- do======un 0 0 Extended | ---do--- 5 Neutral A, B A, B A, B
extended
Pitch flaps |oooeo. do-=mmmmmm 0 26 up Retracted [ ---do--- 75 Full left| A, B B
deflected
Do=====mm== | =mmmme 4o -=====-- 0 26 up ~==-do=-~ | ~=-do~--- 75 Neutral A, B A, B A, B
Do--======= |=mmmem d0=====mnm 0 26 up ~==-d0==~| ===do-=~ T Full right| A, B
Horizontal
area = 10 percent
ving area. | . m o, %\ [
AR ataldisonla do 0 26 up -~-do do--- 5 Full left (o)
boom rearward of
the model

Key = . =
eA Tumbled. NACA

B No tumble; dived with slightly demped oscillation in pitch.
C No tumble; dived with rapidly damped oscillation in pitch.




TABLE XII.- TUMBLING CHARACTERISTICS OF MODEL 9 - Continued

Behavior of model

Change from Landing Pitch Tunnel (a)
crtatoal Loadin tlep clap Lending ?Zﬁﬁi’ﬁiif alrepest, Iﬁt?ﬁil
clean 8 deflection | deflection gear edel €| u11 scale e sition Longitudinal stick position
configuration (deg) (deg) (fps) L
Full back | Neutral |Full forward
Horizontal Released
area = 10 percent without
wing area rotation
installed on & Normal 0 26 up Retracted | from a 75 Neutral c c
boom rearward of DOSORUD
the model vertical
attitude
Do---======= [===on do--=--==- 0 26 up ---do---- | ---do--- 75 Full right
Horizontal
area = 5 percent
wing area | __ . ________ e
IestaiTed onla ao 0 26 up do do i) Full left c
boom rearward of
the model
Do-=====-=== |===w- do=======~ 0 26 up =r=dOo==== | ~==do~--- 5 Neutral (o] (¢)
Do---===-=== [-=oc-m do---=--- 0 26 up ---do---- | -=-do--- 75 Full right
Horizontal
area = 2 percent
wing area  |______ do-=-==-- 0 26 up -=-d0--=-= | ---do--- 75 Full left c
installed on a
boom rearward of
the model
Do--=====m== fommenn do------- 0 26 up -==do---- | ---do--= 1) Neutral (o] c
Do--======== |-=-=-- do---=--- 0 26 up —==do-=—~il|l ==-do-== 75 Full right
Nose of
model
approxi-
_____________ e Ame—__ |mately
None do 0 26 up do 700 below 75 Full left B
horizontal
when
released
8Key

B No tumble; dived with slightly demped oscillation in pitch.
C No tumble; dived with rapidly demped oscillation in pitch.

0€
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TABLE XIT.- TUMBLING CHARACTERISTICS OF MODEL 9 - Concluded

Behavior of model

Change from Landing Pitch Method of Tunnel Lateral (2)
original Loading flap flap Landing launching | &irspeed, | gtick
clean deflection | deflection gear model full scale position Longitudinal stick position
configuration (deg) (deg) (fps)
Full back | Neutral |Full forward
Nose of
model
approxi-
matel,
None Normal 0 26 up Retracted 700 bglow (= Neutral B B B
horizontal
when
released
DO i M R S do--==-~ 0 26 up ---do--~ [ =---do=---- 5 Full right B
Model
DO S e dom=c== 0 26 up ---do--- |horizontal 75 Full left c e
when
released
Do=======m=n | mmma do----- 0 26 up ==~do~=~ | ===@o-=== 75 Neutral C C c
A D T Bl - 0 26 up ---do--~ | ---do---- 75 [Fwll right| ¢
Nose
Ponsmdaoe e e n 0 26 up ---do---~ |Blightly 75 Full left c c
above the
horizontal
Do=========n | ===== do----- 0 26 up ===do~=- {--=do-=-- 75 Neutral C c c
Do========u= | ===m- do=-=-=--~ 0 26 up ===do=-~ | -=--do=-=--- 5 Full right C
&Key

B No tumble; dived with slightly damped oscillation in pitch.
C No tumble; dived with rapidly damped oscillation in pitch.

Q2LgT ‘ON Wd YOVN
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TABLE XITII.- EFFECTIVENESS OF PARACHUTES IN PRODUCING RECOVERY FROM ESTABLISHED TUMBLES
OF MODEL 9

E)lean configuration; normal loading; stick neutral; wheel neutral; pitch flaps neutral; landing flaps
neutral; landing gear retracted; towline length as indicated; point of towline attachment as indicated;
dismeter of parachutes 7 feet, full scale; drag coefficient of parachutes, approximately O.7; tunnel
airspeed for all tests was approximately 85 feet per‘second, full scale; models launched with initial
positive pitching rotation; recoveries from tumbles attempted by opening parachutes as indicated;]

Towline length, Tumbles for
Towline attached to full scale Recovery attempted by recovery after Behavioi'agxf‘ meded
(ft) parachutes opened
Fixed portion of Opening two parachutes, 1
wing between elevons 205 one attached to =3, >3§ by
and pitch flaps each wing
Dos—er=scir 30.0 | =mmmmmmm-- do-=-===-=-= >3, >3 P4
Rear portion of | ..~ | A ___ ik b
e 10.0 do 1‘2’ l2 B
Dese==—c==cs gody || ooossosson dos======c=c Al B
Opening parachute 1 1
Do---======-- 10 .0 attached to right 1=, 2= B
wing tip g2
Do-=—====i==== S30-ONNIEC === e o= do========== >20 =3 A

A Tumbled.
B No tumble; dived with slightly damped oscillations in pitch.

bTowline and parachutes wrapped around wing.

ol
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NACA RM No. L8J28
TABLE XIV.- TUMBLING CHARACTERISTICS OF MODEL 10
Behavior of model
(a)
Change from Turnel Pitch Lateral
original clean Loading Method of launching | airpseed, flap Rudders stick |Longitudinal stick position
configuration model full scale| deflection position
(fps) (deg) Full back | Neutral | A Full
forward
Released in a nose-up
None Normal attitude simulating i 0 Neutral Neutral B B B
a whip stall
Do =; -d 111 0 -==-d0---- Left B B B
j Y [ —r— — [P — 111 ) ----do----| Right B A
DO~==c=== |i==c~==~@p-r==-m=s | ~occ==i- e 172 0 S Left A
Doy Positive pitching 172 0 ---Ho----| Neutral A A A
rotation
e e e e e BN e 172 o ----do---- Right A A A
Do-m=m=mm [ —m=mee -do-m-=mmmm | mmeeeeen do=--===-= ~-- 172 -==-d0---- Left A A A
Do--c==nm |==mem- -d0====mmmm Negative pitching 172 o ----d0-===| -==-do-=-- A A A
rotation
T (R do=mmmmmmm | —mcceeas 40~ =mmmmmnme 172 0 ----do---- | Neutral A A
e S [ e TR S (E T S 172 0 ----do=---| Right A A A
Center of gravity
Do-=-=um- T-5 percent T | ===-=--- ~do========ux 172 0 -==-d0---- | Neutral B B B
forward
T ot o e e AbosoeeE st S 172 0 ----d0---- Left B B B
______________ Positive pitching I NI 11 | (o e N
-do Totatien 172 (o] -do -do A B B
-------- “do===-mmmmmm 172 0 ----do----| Neutral B B
-------- -do----====-= 172 0 Both open | ----do---- A A A
________ B 172 0 ----do---- | Right A A A
_____ Negative pitching N [ i
Do --do il g 172 0 -do -do B A A
172 0 -==-do----| Neutral B A A
172 0 Right open | ----do---- A
172 0 ===-d0===~ Left A
172 0 ----do---~ Right A
172 0 --=-d0~==- | ==--d0---- A
e e Do o | e S e LS 172 0 Neutral A
D [ Ao e = 172 0 Left A
Do-=mmmme [ —mmmeen do======== | —mammean ~d0====mmmmnn 172 30 up Neutral | ----do---- A A A
DO R e e e do = d - 172 30 up ===-d0o~--- | Neutral A A A
_____________________ Negative pitching 1 0 iyt SRR O B K A
Do -do el T2 30 up -do
) PR P —— L e . ~A0==mmmmmmnn 172 30 up ----d0~~-- Left B A A
Y el d ———— d - 172 15 down -=---d0~~-=~| -=--do=--~ A A A
Do-==mmmm | e do======-= | = -do========== 172 15 down ----do~---| Neutral A A A
______________________ Positive pitching 2 - O R e L
Do do SRga 17 15 down -do -do A A A
Do | Ab—————~ 172 15 down -===d0-~=--~ Left A A A
Landing flaps | _______ B0 I £ 172 0 ----d0---- | Neutral A A A, D
down 60°
Do~ [[E3CET 0 e Negative pitching 172 0 C e e TSR A A
rotation
______________________ Positive pitching 172 R At | BRI A B, D B. D
Do do reiation T 15 down o 0 » s
Do-=mmmmm | == do======== | mmmeeeae ~do=-========= 172 15 down Right open | ----do---- A, D B, D
Do===mcem [ ==y G0 =mmmmmmm [ =mmemmmm e do==mmmmmmme 172 15 down ~--—40~~=~ Right A,
Do--===== | ===mmem 0 ====m=mm | —mmeeeee -do=-=====-==o 172 15 down ~==-d0~==~ Left A, D
gubboard s &2 st T | Sdpm=sastmnai 172 0 Neutral Neutral A A
spoilers open
______________________ Negative pitching i -NEWE T
Do -do TolatTon 172 0 -do -do A A
Slots open = | -=----~= do==~=====- ——— 172 0 --=-d0---- | ----do---- A
Do = e Positive pitching 172 0 RS T o TR A
rotation
Slots and center | ______ 280 S mats | e S R P s 172 o -==-d0-~-= | -=--d0---- A
spoilers open
e e e Negative pitching 172 0 -==d0-~-- | --=-do-=-- | A, D
rotation
Slots open = [====--- L e e ~do---=====-~ 172 0 Left open .| ~---do---~- B A
.
A Tumbled.
B No tumble; dived with slightly damped oscillation in pitch.
D No tumble; dived with no oscillation in pitch.
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TABLZ XV.- TUMBLING CHARACTERISTICS OF MODEL 11

NACA RM No. L8J28

Behavior of model
Model condition . (2)
hod o 3 Lateral
Loading Method of airspeed, stick Longitudinal stick
Auxi1i launching model full scale position
ary poeition
11t Rudders Landing | Elevon (fps) ~
devices gear deflections i‘:li](. Neutral fFullrd
C. orwa
40-percent- Positive pitch:
semispan | Neutral | Retracted | Original Normal oiota‘:;oﬁ Cr 8 178 Neutral c o} c
slats
oy | e o] N et e et 00 | e SR dpome e Negative pitching 178 Vi c c c
rotation
Do---- |---=d0-—| ~---do-~- Revised | -------~ e ] [t ~do======~ 178 ---do-- c c (5
25-percent— P 1
semispan |----do---| ----d0=-~ | ====-d0 === | ===-==mm do-=--=--~ o:ét;:foi ‘oling 178 ---do-- A c (]
slats
Full open
Do---- | as dive | ----do--- | ===~ L O e et L 178 ---do-- A c c
brakes
Negative pitching
Do=-==-- do=-=-~ do byl 178 ---do-- c c c
Do---- | Neutral |Extended [ ----- e o doc-eers P°ié:;:f0§“°m"5 178 —~do=- | & A
25-percent-
semispan | . A
e Retracted 178 do A c c
airfoil
N 1t
Wi | leesyes | [crmris | | e oz o | [enamcs A0 e ef,:,fzfoﬁ ching 178 -0~ B, o e A
25-percent-
semispan |----do--- | --=-do--= | ===~ do---- In;z::?i;ate ------- -do---=--~ 208 ---do-- ¢} A A
slats
Do--=-- |==--d0-=-= | ~--=do=-~ 208 ---do-- A A A
Do o R SRy R [ o e (RO do---- | Maximm gross | _______ e 234 — A A A
welight
Do---= [-=--do--- | Extended | ----- g |eerte doceniets ""5::::‘;0,’;““”‘8 234 e |4 B A
0 2p Positive pitchi
semispan |___ O B R | e - e T o8 ning g
auxiliary | "% do o do it 234 do A A A
airfolls
Released from
None Neutral |Retracted | Original Normal nose-up whip 178 ---do-- (o [0} c
stall
25-percent-
semispan [----do---| ----do--- | Revised [ -------- R ~do===m=mn 178 ---do-- c c c
slats
25-percent-
Gl ey e e [ || e a0 | SRR -d0======= 178 ——cdo-~ c c c
auxiliary
airfoils
25-1;;1'09111:' Center of gravity
:latapa.n -==-d0--= | ====d0==~ | ===~ do---- 13.1 percent & | ------- ~do-=--=== 178 ==-do== B A A
£ rearward
Released from
Do---- [----do--- | ====dO=== | ===== do-=-=| =====-= -do-====--- nose-down whip 178 ---do-- A A A
stall
®Key
A Tumbled.
B No tumble; dived with slightly damped oscillation in pitch.
C No tumble; dived with rapidly damped oscillation in pitch.
D No tumble; dived with no oscillation in pitch.




TABLE XVI.- EFFECTIVENESS OF WING-TIP PARACHUTES IN PRODUCING RECOVERY FROM TUMBLES OF MODEL 11

[Loading as Indicated; landing gear retracted; 25-percent-semispan slats extended;
cockpit closed; rudder neutral for all tests

gcrgT °ON WY VOVN

Behavior of model
Flat diameter Towline |  Tumbles Tateral (a)
Loading Method of launching |Number of parachutes | of parachute, length, for recovery FE1ck
model released full scale |[full scale |after parachute position Longitudinal stick position
(£t) (£t) opened
Full back [Neutral | Full forward
Positive pitching £

Intermediate iy One from wing tip 8 19.5 Neutral A A

Do-===m=| —mmmmee I -do==mmmmmm 8 19.5 -- Right A

One from each

Do 4o --- wirg i 6.67 9.75 Neutral A

Do-=====| =mmmeme 4o ====mm=m | e do===~==== 8.0 9.75 -- e A

Do-===== | wmmmee- Ao =-mm=mmm | mmmeeen do-==~-=--- 7.2 9.75 -- ---do~- A

Do==m===| =-emeas do==mmmmmm | mmeeee i (C T —— 8.0 19.5 -- ---do~~- A

Do-=====| —mmmmen do=-=mmmmm | memmees do===~==-- 7.2 19.5 -- ---do~~- A

______ Negative pitching B, P - I S anka

e rotation g 6.67 9-75 i =

Maximum gross | Positive pitching One from wing tip 6.67 19.5 =L cs-do~s A
welght rotation
Do--====| ===mmmm e do===~mmmm 10.9 19.5 6 ---do~- D
One from each

Do gis | - wammnty TR T 8 19.5 1 ‘ -do~- D

Do=m=moe| =—ccea-s A0 =mmmemne | cccaano dO===~=mmm 10.9 19.5 lﬁ- ---do~- D
&Key 'm

A Tumbled.

D No tumble; dived with no oscillation in pitch.
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TABLE XVII.- ESCAPE OF DUMMY PILOT DURING TUMBLE OF MODEL 11

Loading condition

Model condition

Dummy released from

Behavior of dummy

25-percent -
semispan Thrown forward
Maximum gross welght slats; over the nose
center-of-gravity normal Top hatch of the model
26.8 percent © drag cleared all
rudders; gurfaces
vertical fins
Do=--mcmecn |wacannea do---~=-- Bottom hatch Do.

W

9¢
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TABLE XVIII.- RATE OF TUMBLE AND ACCELERATTIONS ENCOUNTERED IN TUMBLES OF MODEL 11

Resultant

Method of Q 12 :
Model condition launching (full scale) (full scals) agfleﬁiiﬁgnhgzgmg
model (radians/sec) (ft) (e noibe)
Center of gravity
13.2 percent ¢
rearward normal. Whip stall Tel 4,9 T
Minimm flying
weight
Intermediate loading; | Positive
25-percent-semispan | pitching 5.9 k.9 5e3
glats rotation
Maximum gross welght;
25-percent-gemispan | ==-=-do---- T k.9 i 5)
glats
Maximum gross weight;
auxiliary airfoils | ----do=--- B2 k.9 10.0
installed

gergT *OoN W VOVN
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TABLE XTIX.- TUMBLING CHARACTERISTICS OF MODEL 12

[Normal loading; tip tails installed;

rudder neutral]

Behavior of model

Change from Tunnel (a)
original clean Loading Method of launching airspeed, Aileron
condition model full-scale deflection Elevator deflection
(fps) (deg)
30° up 0° 30° down
13-percent root chord Center of gravity
extension on 6 percent T Fosdtive pitching 95 0 D D
rotation
elevators rearward
Do-===mmmmmm | eemmeee ~do=--==== | —mmmmeeeo do--====---- 15 0 A
B e do==-==== |  —emmemen do-=-==-=-===- 95 0 B
Do-=mmmmmmme | emeeee do-=-==== |  emmmmmee do-=====mmm= 95 20 both down A
Negative pitching
.................. QO === 0 D D
o ° rotation 95
Do--=-mommmm | emmeeee ~-do=-====- | = —-mmeeeo do-=m======= 145 (o} D
Do=-=-===n== | eemeeeen do=---=-==~ Released with nose up 145 0 B, C c c
Do--mmmmmmme [ emmmeeen do======= |  —mmmmmeoo T 145 20 both down c
Center of gravity
Do----=ceum- T:5 percent T [  -=-=----~ do==c—=====% 95 0 c
rearward
Positive pitching
Do-==-mmmeme | mmemmees do==-==~=~ 0 A
< 2 rotation 9
Center-of-gravity
Po==cameaaa 10 percent & Released with nose up 145 0 B B
rearward
8Key NACA
A Tumbled. ~NA A~
B No tumble; dived with slightly damped oscillation in pitch.
C No tumble; dived with rapidly damped oscillation in pitch.
D No tumble; dived with no oscillation in pitch.

g€
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TABLE XX.- TUMBLING CHARACTERISTICS OF MODEL 13

E!enter-of-gravity location as indicated; landing gear
retracted; ailerons neutral; rudders neutraJZ]

Behavior of model

Tunnel (a)
irspeed
1 t1 & , thod of launch del
Loading Configuration Fll scz;.l.e Method o unching mode. Longitudinal stick position
(fps
Full back Neutral Full forward
Normal Clean 168 Positive pitching rotation D c D
10 St e S | SO (© 5 gt 168 Negative pitching rotation D
Center of gravity
T-TL percent & | _____ Tyt 168 Positive pitching rotation B c
rearward of : e e
normal
Dot RS e T 168 Negative pitching rotation c c (v)
Do-=mmmm=mm Slats open 168 Positive pitching rotation A c c
)77 T I S do====~ 168 Negative pitching rotation c c D
Dot st;:nbmkes 168 Positive pitching rotation c
10 et | R d0=~==~ 168 Negative pitching rotation C
)5 i S Slat 168 Released from nose-up c
i simulated whip stall
Released from nose-
TNy e o= e e I P Ao 168 horizontal simulated D
recovery from whip stall
........ Cc1 8 Released from nose-up c
Do o= = similated whip stall
Released from nose-
To= = sl IS ~d0=~~-- 168 horizontal simulated B
recovery from whip stall
Center of gravity
6.31 percent © Slats open 168 Positive pitching rotation B,C c
rearward of
normal
Do======== Clean B A0 -==w=mmnmm c c
e ~NACA
A Tumbled.

B No tumble; dived with slightly damped' oscillation in pitch.
C No tumble; dived with rapidly damped oscillation in pitch.

D No tumble; dived with no oscillation in pitch.
After recovery from tumble, model went into a& spin.

Q2rgT °"ON Wd VOVN
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TABLE XXI.- EFFECTIVENESS OF PARACHUTES IN PRODUCING RECOVERY FROM ESTABLISHED TUMBLES

OF MODEL 13

[Nor'mal loading; center of gravity located 2l percent mean asrodynamic chord; elevator full-up; allerons
neutral; rudders neutralj slats extended; landing gear retracted; towllne attached to wing tip; 75 percent

of wing-tip chord;

tunnel airspeed for all tests was approximately 168 feet per second, full scale; model

launched with positive initial pitching rotation; recovery attempted by opening parachutes as jndicatedf_]

Diameter, |[Towline length, Tumbles for recovery
Drag coefficlent |full scale full scale Recovery attempted by after parachutes Behavior of model
(£t) (£t) opensd (a)
Opening two parachutes,
0.69 8.3 25 one attached to %‘, - D
each wing tip L
<67 bk 13.6 | mmemmmm——e—- do-========= 13 4,1 .3 (b)
2) ll», 2) 2#,
Opening parachute 1
.69 8.3 25 attached to right L (c)
wing tip 2" 2
.67 bk 13.6 | =reeeeee-- o i- 1 (c)

aKey

D No tumble; dived with no oscillation in pitch.
PBoth parachutes collapsed in wing weke and reopened and went into spin.
Cafter recovery from tumble, model went into a spin.

Of
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TABLE XXII.- ACCELERATIONS IN A TUMBLE OF MODEL 13

s
Center of gravity located at 24 percent of the mean aerodynamic chord; slats extended; positve pitching rotation;

' rate of descent approximately 200 fps; pilot's head located at r = 13.4 ft from the center of gravity;

all values are approx.i.mat«ﬂ

ll‘a.ngential acceler- Component of Component of
1Cer.1tripetal acceler- ation due to acceleration acceleration| robtal result-
Time, t | Angle of attack a ation due to rota- angular acceler- directed normal to ant accelera-
(sec) (deg) tion about the center ation about the through long long axis of tiOI'l of the
of gravity a, center of gravity ap |axls of pllo: a' pilot a" pilot's heal a
(g units) (g units) (g units) (g mits) (g units)

0.033 31 ol -0.2 -1.6 -7.5 Tl
.098 48 7.4 -.6 -2.0 -7.1 Tioh
.163 62 T2 =1.0 -2.3 -6.9 T2
.228 78 6.5 -1.2 -2.h -6.1 6.6
-293 9 5.7 =1eH -2.6 =503 5.9
.358 105 Sl -1.6 -2.6 -h.7 5.3
423 118 4.0 -1.8 -2.5 -3.6 4.4
488 128 3.5 -1.8 -2.5 -3.1 k.0
.553 139 3.0 -2.0 -2.5 -2.6 566
.618 148 2.4 -2.0 -2.5 -1.9 3.0
.683 156 1.7 -2.1 -2.4 -1.2 B/
.748 164 1.2 -2.0 -2.2 -.8 2.4
.813 2 ) <3 .5 -1.0 1Ll
.878 177 3 250 1.8 -1.2 25
.943 -175 1.9 .8 A -2.0 2.1
1.008 -167 el .6 2 -2.2 2.2
1.073 -158 2.2 T .3 -2.3 258
1.138 -148 2.5 1.3 .8 2.8 2.9
1.203 -138 5.4 1.9 .9 -5.6 Bl
1.268 -126 3+9 2.5 1.8 -4.3 4.6
1.333 -112 10.6 3.0 .9 -11.1 JATS:
1.398 -98 d3 5T 3.3 o7 -13.8 138
1.463 -83 9.3 Die 1 .3 SONT 9.7
1.528 -66 9.2 0 -1.8 -9.0 9.2
1.593 =47 8.4 -1.3 -3.0 -8.0 8.5
1.658 -29 7.9 -7 -2.2 -7.6 7.9
1723 -14 7.9 -.5 -2.0 -7.6 T

Iyalues obtained

from figure 16.

é
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TABLE XXIII.- TUMBLING CHARACTERISTICS OF MODEL 1k

[Center of gravity, 24.l percent mean aerodynamic chord; ailerons neutral;
rudders neutral; tunnel airspeed, 147 feet per second, full scalq]

Behavior of model

Method of ()
Configuration |Loading launching Tongitndtnal sbiock posibion
model
Full back Neutral | Full forward
Releaged from
1 nose-up
Clean Normal S iiaied D D D
whip stall
Positive
Do==wm= -==do=-~ pitching D D D
rotation
8oy

D No tumblej dived with no oscillation in pitch.

2h
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NACA RM No. L8728

Horizontal Displacement, ff
200 /60 720 80 40

TRAJECTORIES OF:
CENTER OF GRAVITY.
PILOT'S HEAD
NOSE
TAIL

120
NOTE :

THE INTERVAL OF TIME t
BETWEEN FACH POSIT/ON
/S 0065 SECOND.

g

200

S
Ty “Quawaoidsiq |PIIJ4I)

~n
o
S

320

360

400

~_NACA_—

Figure 1.- Full-scale path of motion obtained from model data of
model 13 during a tumble. Elevators deflected full-up; slats
extended; center of gravity located 24 percent mean aerodynamic
chord.
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Ly NACA RM No. L8728

V4
B /I 2.
5, £8%

MAc., IO

4637

7Y

@B

26,00%

T

. SO

- +_):____r_+ e

Z.f)-, 5°a#30% chord

- 18.03% 4

T
1 a=

Figure 2.- Three-view drawing of model 1 as tested in the Langley
20-foot free-spinning tunnel. Center-of-gravity location shown
is for the normal loading.
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Figure 3.- Three-view drawing of model 2 as tested in the Langley
20-foot free-spinning tunnel. Center-of-gravity location shown
is for the normal loading.
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Figure U4.- Three-view drawing of model 3 as tested in the Langley
20-foot free-spinning tunnel. Center-of-gravity location shown
is for the normal loading.
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1797

Figure 5.- Three-view drawing of model 4 as tested in the Langley
20-foot free-spinning tunnel. Center-of-gravity location shown
is for the normal loading.

PO L




48 NACA RM No. LAJ28

-
N
o
(@)
Y

N

N
©
©
Q
|

0

(a) Three-view drawing. Center-of-gravity location shown is for normal
loading. Revised elevator and wing tips installed.

Figure 6.- Model 5 with revisions as tested in the Langley 20-foot free-
spinning tunnel.
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~
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(b) Original and revised configurations of wing tips and elevators.

Figure 6.- Concluded.
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Sporler

Figure T.- Three-view drawing of model 6 as tested in the Langley
20-foot free-spinning tunnel. Center-of-gravity location shown
is for the normal loading.
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Figure 8.- Three-view drawing of model 7 as tested in the Langley
20-foot free-spinning tumnel. Center-of-gravity location shown
is for the normal loading.




S

NACA RM No. L8J28

Figure 9.- Three-view drawing of model 8 as tested in the Langley
20-foot free-spinning tunnel. Center-of-gravity location shown
is for the normal loading.
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(a) Three-view drawing. Center of gravity shown is for normal loading.

Figure 10.- Model 9 with revision as tested in the Langley 20-foot free-spinning tunnel.
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(b) Horizontal tail and simulated propeller fin area.

Figure 10.- Continued.
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(c) Slats and parachute towline attachment points.

Figure 10.- Continued.
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(d) Split rudders, scoop rudders, and pitch flaps.

Figure 10.- Concluded.
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(&) Three-view drawing. Center-of ~gravity position shown is for normel loading. Landing gear
extended and slats open.

Figure 11.- Model 10 with revisions as tested in the Langley 20-foot free-spinning tunmnel.
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(b) Inboard and outboard spoilers.

Figure 11.- Concluded.
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(a) Three-view drawing. Center-of-gravity location shown is for the normal loading.

Figure 12.- Model 11 with revisions as tested in the Langley 20-foot free-spinning tunnel.
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(¢) Auxiliary airfoils.

Figure 12.- Concluded.
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Figure 13.- Three-view drawing of model 12 as tested in the Langley 20-foot free-spinning tunnel.

Center-of-gravity location gshown is for the normal loading.
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Figure 1k4.- Three-view drawing of model 13 as tested in the Langley
20-foot free-spinning tunnel. Center of gravity shown is for the
normal loading.
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Figure 15.- Three-view drawing of model 14 as tested in the Langley
20 -foot free-spinning tunnel. Center of gravity shown is for the
normal loading.
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Figure 16.- Graphical determination of the centripetal and angular acceleration during a tumble of
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Figure 17.- Typical motion, which is repres ed by the ymb 1L Sl
th key to the data, i hhth model tumbles
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Figure 17.- Concluded.
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Figure 18.- Typical motion, which is represented by the symbol B 1in
the key to the data, in which the model did not tumble and dived
with slightly deamped oscillations in pitch until striking the

gsafety net.
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Figure 18.- Concluded.
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Figure 19.- Typical motion, which is represented by the symbol e A
the key to the data, in which the model did not tumble and dlved
with rapidly damped oscillations in pitch which were completely

damped before striking the safety net.
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Figure 20.- Typical motion, which is represented by the symbol D in
the key to the data, in which the model did not tumble and the
oscillations damped almost instantaneously and dived with no

oscillations -~ pitch.
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Figure 20.- Concluded.
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Figure 21.- Typical tumble of model 9 when released from a nose-up
attitude. Clean configuration; stick full-back; wheel neutral;
scoop rudders and pitch flaps neutral; static margin approxi-
mately 0.2 percent. Cameras speed, 64 frames per second.
Velocity of air stream, approximately 75 feet per second,
full scale.






NACA RM No. L8J28

Figure 21.- Concluded.
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Figure 22.- Typlcal oscillatory motion of model 9 when released from
nose-up attitude. Clean configuration; stick neutral; wheel
neutral; scoop rudders and pitch flaps neutral; static margin
approximately 0.2 percent. Camera speed, 64 fremes per second.
Velocity of air stream, approximately 75 fpet per second,

full scale.
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Figure 22.-~ Concluded.
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Figure 23.- Typical action of parachutes in producing recovery from an
established tumble on model 9. Clean configuration; stick neutral;
wheel neutral; rudders neutral; static margin approximately
0.2 percent. Camera speed, 64 frames per second, full scale.
Towlines attached to rear portion of wing tips. Parachute
diemeter, 7 feet, full scale. Parachute drag coefficient,
approximately 0.7. Towline length, 10 feet, full scale.



