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NACA FM No. L8728

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

SUMMARY OF RESULTS OF TUMBLING INVESTIGATIONS MADE IX THE
LARGLEY ZO0-FOOT FREE-SPINNIHG TUNNEL
OX 1k DYNAMIC MODELS
By Ralph W. Stone, Jr., and Robert L. Bryant

SUMMARY

The tumbling characteristics of dynamic models of 1% specific
airplane designs investligated In the Langley 20-foot free-spinning
tunnel for varlous loadings and configurations are summarized. For
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 alrplane. The accelerations that
would be acting on the plilot dwring 2 tumble were computed for several:
of the tests.

The results indicated that conventional airplanes would not tumble,
whereas tallless and tall-first airplanes might tumble, depending upon
the amount of statlc longitudinal stability. The tumbling motion could
generally be prevented by forward movement of the center of gravity.
The results also indlcated that tallless alrplanes of low aspect ratio
and having their mass dlstributed chlefly along the fuselsge were less
likely to tumble than tailless airplanes of high aspect ratio end having
the mass distributed chiefly along the wing. It was indlicated that
lateral and directional conbtrols had little or no effect on tumbling
other than to dictate the motion of the alrplane after recovery from a
tunble. The longltudinal conbtrols end auxiliary 1ift devices did not
appear to have any effect on tumbling, except when the longltudinal
stabllity was marginal. In an emsrgency, recovery from a tumble may
be effected by the use of two parachutes, one abttached to each wing tlp,
when opened simulteneously. The investigation indicated that the
accelerations encountered by & pilot in & tumble may be exceptionally
dangerous. The results also indicated that, although the pilot will
probably not be struck by parts of the alrpleame In leaving the cockpit
of a tailless alrplane during a tumble, the accelerations acting on him
during the tumble mey be high end mey prevent him from leaving the
cockpit.
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INTRODUCTION

The phenomenon of twmbling, a continuous pltching rotation about an
axle parallel to the lateral axle of the alrplane while descending along
an inclined path (see fig. l), 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, 1t was belleved, might have been
the pilot?!s fallure to recover from a tumble. To date, however, there 1s
no rellable information regarding the tumbling of full-scale alrcraft.
Investigations conducted 1n the Lengley 20-foot free-splmning tunnel
following the Impllceations-that such a maneuver as tumbling may be possibls
have shown that the phenomenon is real and may occur wlth tailless sir-
planes but not wilth conventlonal alrplanes.

The tumble tests reported hereiln were conducted generally as part of
regular spin-test programs for 14 dynemic models. The models represented
tallless alrplanes having a wilde range of sweep angles and aspect ratios
as well as several conventlonal sirplanes. For some of the models, tests
were made to determlne the effects of center-of-graviiy varlatlon amd of
woelght variation. Revislions of the geometric configuration of asome of
the models were also tested, elther because a revislion was requlred to
improve the spin-recovery or longltudingel trim characterilstlcs or to
Improve the tumbling characteristics. For three of the models, tests
wore made to determine whether or not parachutes could be used as an
emergency btumble-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 pillot during a tumble.

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

edge of mean serodynamic chord to mean aerodynamic chord

z / < ratlio of distance between center of gravitiy and horizontal
reference line to mean aerodynamic chord (positive when
center of gravity 1s below line)

m mags of airplane, slugs

S



NACA BM No. L8J28 [y 3

Ix, Iy, Iz moments of inertis about X, ¥, and Z body axes,
respectively, slug-feet?

p alr denslty, slugs per cublc foot

B alrplene relative-density parameter (m/pSb)

T dlstence from airplane center of gravity to pilot's head,
feot :

o 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

2] angular displacement of alrplane about ibts Y-axls,
. radiens (6 = 0 when +t = 0)

€ angle a line through the pilot's head and the airplane
center of gravity mekes wlith the fuselage reference
line, degrees

VT full-scale velocity of the alrplane center of gravity
along its trajectory, feet per second
Q1 anguler veloclty of airplane about its Y-axis, radians
per second (ﬂ = .di)
at
g acceleration due to gravity, 32.2 feet per second per second
8¢ centripetal acceleration of pilot's head due to £, g units
&g angular scceleration of airplane about its Y-axis, radians
per second per second
ap tangential acceleratlon of pilot's head due to a,, g units
a resultant acceleration of pllot's head, g units
a' component of acceleration dilrected through long axis of the
pilot (positive when pilot is pushed down into seat) R
g units
a" component of acceleration directed normal to long axis of

the pilot (positive when pilot 1s pushed against back
of seat), g units

Sy rudder deflectlion, degrees
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(S elevator deflection, degrees
- 13
8y alleron deflection, degrees

APPARATUS AND METHODS

Model

Dimengional and mass characteristice of the alrplanes as represented
by the models are presented in tables I and II, respectively, and three-view
drawings of the models and changes from the normal model confilguratlions are
presented in figures 2 to 15. Each model was ballasted by the use of lead
welghta to obtain dynamic similarity to the particuler airplane 1t repre-
sented at a glven test altitude as listed In tebles ITI. The parachubes used
were of the flat circular type, made of silk, and had a drag coefflcient of
approximately 0.7 based on the surface area of the cancpy when spread out
flat. A model pilot was made to scale and ballasted for dynamlc similarity

of a 200-pound man, with parachute, at the test altitude. For the <
parachute-recovery and pllot-escape tests, a remote-control mechanism was ’
installed 1n the model to open the parachute or release the model pllot. .

Wind Tunnel and Testing Technique

The tumbling tests were performed in the Lengley 20-foot free-spinning
tunnel, the operation of which is genmerally 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 attltude to simmlate & whip stell in order to determine whether
the model would start tumbling of its own accord, and the model was launched
with initial pltching rotation in order to determine whether the model would
tumble once the tumbling motion had been started. The simulated whip stall
wes obtalned by holding the model In the air stream with 1ts nose up and
gimply letting go of the model. The initial pitching rotation given the
model wasg lmparted while holding the model in the alr stream and forcing
it to rotate by epplylng a pltchlng moment. The model data presented
herein were converted to full-scale velues by methods described in
reference 1.

The models used for the parachute-recovery tests were so loaded that
they would tumble when launched wlth initial piltching rotation and the -
parachutes were opened after approximately two camplete revolutions of the
tumble. The number of additional revolutions, made before recovery was
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effected, was recorded by visuel observation and by moving pictures of the
motion. The pllot-escape tests were conducted in a similsr manner except
that after approximately two revolutlons of the tumble the model pllot
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.

NACA FM No. L8728

Computations of Accelerations

Accelerations at the pllot'!'s head were computed because 1t appears thatb
the head is most vulnerable as regards accelerations. The resultant accel-
eration of the pilot’'s head with respect to the earth is the vectorial sum
of the tangentlal and normal sccelerations of the glrplane center of gravity
along and normel to 1ts traJectory plus the centripetal acceleration of the
pllot'’s head due to the angular veloclty of the alrplane about its Y-axis
plus the tangentiel acceleratlion of the pllot's head due to angular accel-
eration of the elrplane gbout its Y-axis. The accelerations given herein
for models 9 and 11 wers computed on the assumptlon that the alrplane
rotated with constant engular veloclty and the tangsntial and normal accel-
erations of the center of gravlity 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
obtalned with a stationsry motlon-picture camere for model 13. The model
motlon was converted into corresponding full-scale motion and plotbted in
Pigure 1. This path of mobtlon was used to determine the angulsr velocity £
and the angular acceleration &, by graphical differentiation of the dis-
placement curves. The centripetal ageceleration a., and the tangentiel
acceleration a, Were then calculated by use of tﬁe following formulas:

Q2r. (Y
% g (dt) g
A o g d.-h2 g
a6 a2e
The slopes = and —5 Wwere arbitrarily taken on figure 16 at instances
dt '

halfway between the recorded intervals of time. These were then resolved
Into thelr components directed through and normal to the long axis of
the pllot:
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a' =2, siln € + g, cos €

1t

] a = a, cos 6§ + a, sin €

The resultent acceleration & 1s the vectorial sum of the componente &'
and a'.

PRECISION

The values of preclsion presented are the maximm values taken from
a composite of values given by all the models. The tumble results pregented
herein are belleved to be trus values glven by the model within the fol-
lowing limits:

d.,d.egrees-.-.--.-..-......-.-...-.-.-:::!;:15..

v, Percent L) ] L4 L4 L] L L] L d L] L] L] L d L] L L L] L] L] L] . L L[4 L J L4 L L L L

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

The accuracy of meassuring the welght and mass distributlion of the
models 1s belisved to be within the followlng limite:

‘_‘"Weigh'b,percen'b-....-....‘.
Center-pf-gravity location, percent T .
‘Moments of inertla, percent . « » « « »

L] . L]
)
* o s
L ] L] -
H
I—I

Controls were set with sn accuracy of 1O,

Comparlison between model and ailrplane tumble results cannct he made
as there exlsts no full-scale tumbling data. The following interpretation
is given for the epplicatlion of model results to the full-scale alrplane
from the results of different methods of launching the model: If the model
tumbles when launched elther with or without initial pitching rotation, it
is taken as an Indicatlon that the corresponding alrplane could tumble,
although the slrplane probably would be more likely to tumble 1f the meodel
starts tumbling when launched wlth no pitching rotation. If the rotation
stops after being launched with inltial pitching rotation, the results are
interpreted to mean that the corresponding airplane will not tumble.

RESULTS AND DISCUSSTION

An index to the data 1s presented in table ITI. The data are presented
in taebles IV through XXIII. For convenlence, a code of symbols was chosen
to represent dlfferent 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 osclllations in plitch until striking the safety net; symbol C
Indicates that the model would not tumble and dived wlth rapidly damped
coscillations in piitch which were completely dsmped before strlking the
safety net; and the symbol D means that the model would not tumble
and dived with no osclllations In pitch, that is, the oscllliations were
damped almost instantaneously at the termination of a forced initlal
rotation. Figures 17 to 20 are reproductlions of motlon plctures of

the motlons 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 as it dived in the tunnel was, as expected, dictated by the
particular control settings existing. Some of the specific motlons
which the models performed were alleron rolls, spirals, apins, and so
forth. These resulting motions have not been inciuded in the tables.

Effect of Dimensional and Mass Characteristilcs

Tumbling tests were made for conventional models with normally
located center-of-gravity positions (models 1 to 4) and no tendency to
tunble was indicated. It thus appears that alrplane deslgns having
conventionally located horizontal tails are not likely to tumble
irrespective of the extermal forces acting. Model 9, & tallless model,
would not tumble when horizontal tall area, 5 percent of the wlng area,
was added at approximately 1.5 mean aerodynmamic chord lengths rearward -
of the center of gravity. (See fig. 11 and table XII.) Increasing ihe
horizontal tell aree of model 5 ( a tail-first, pusher-type airplane), === -
however, was detrimental rather than beneficia.l which is significant in
that i1t shows that the damping furnished by the horilzontal tall area
(see fig. 6 and table VIII) is not necessarily the primary factor in
determining whether a design will tumble. Instead 1t 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 elther by rearward
movement of the center of gravity or by forward movement of the neutra.l
point increased the tumbling tendency.

None of the tailless models tested would tumble, lrrespective of
the method of launching, when the center of gravity wae located forward
so as to provide a high degree of sbtatic longitudinal stability. With the
center of gravity In an intermediate location, some tallless models would
not tumble when launched from & nose-up attitude to simiiate & whip stall
but would tumble when given forced lnitial rotation. Further reduction
in static stabllity caused these models to tumble even when laumched from
& nose-up attitude to simulate a whip stall. (See tables X, XIT, XIV,
and XV.) Figure 21 illustrates a tumble of model 9 with the elevator
full-up when launched from & nose-up attitude to simmlate a whip stell, and
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figure 22 11lustrates the same model with the elevator neutral and launched
in the same mammer, diving with slightly damped pitching oscillations. ‘

Analysis of the results given in tables II, XI, and XXII, indicates
that models having a low aspect ratio and & high pltching inertla param-
eter (;Y/mbe), that 1is, loaded chiefly along the fuselage, have less
tendency to tumble than do other tallless designs. For the models of low
agspect ratio and high pitching inertla parameter, mors resrward center-ol-
gravity positions could be tolerated wlthout leading to tumbling than was
possible for models of high aspect ratio and low pltching inertia.

Effect of Controls

Study of the effects on tumble characteristlcs of deflecting longltu-
dinal controls indicated that such controls only had an effect when the
static longltudinal stabllity was marginal. When the center of gravity was
located so that the model had a high degree of static longltudinal stabllity,
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 longltudinal stabllity, the model
would tumble irrespective of the elevator deflection. When the center-of-
gravity locatlon 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 negatlive pltching rotatlion when the elevators were deflected full-down

and would not tumble I1n elther direction for any other elevator deflectlon,
or (3) tumble with positive piltching rotation when the elevators were
deflected full-up, tumble with negaetlve plitching rotation when the elevators
were deflected full-down, or turble in elther directlon when the elevators
wore neutral. It therefore appears that recovery could be effected by full
reversal of the elevators for these marginal conditlions. 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 1t is believed that their effect depends upon the effect
they have on static longitudinal stability characteristics. (See tables XII,
XIV, XV, and XX.)

Landing flaps and pltch flaps hgve the same effect as elevators and
may asslst in stopplng the tumble if deflected in conJunctlon 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 L
the slze, towline length, and attachment locatlion for parachutes as a
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tumble-recovery device are presented on tebles XIIT, XVI, :and XXT, respectively
The results generslly show that a parachute on each wing will probably be
necessary to obtain tumble recovery. When only one parachute was used, the'
models generslly conbtinmed to tumble or went into a spin (spinning to the
right when the parachute was installed on the right wing tip). The resulbs
indicate that the length of the towline must be sufficient to allow the
parachute to clear the wing wake in ordsr that the parachutes may operate
effectively. Tests of model 9 iIndicated that the towlines should be

attached to the alrplane gt the wing tips In order for the parachutes to
functlion properly. With the towline attached inboard from the tips on model 9,
the towline and parachubtes wrapped themselves about the wing and the model
continued tumbling. (See teble XIIL.) The sizes of parachutes required

for satisfactory recovery varied for the thres models, renging from T to
approximately 11 feet. The results of unpubllshed spin data for model 13

when campared with the results on teble XXI show that the size perachutes
required for recovery from a spin when two wing-tip pasrachutes are used

will also provide recovery from & tumble. A typleal tumble recovery by

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

Accelerstions

Computatlions of accelerations which would be encomntered at the pilot's
head during a tumble were made for models 9, 11, end 13. Computetions 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 rotaticn. The camputations for modsl 9
(not presented in tabular form) were mede for the tumble which had the
Fastest average angular velocity. For this tumble, the average tumbling
rate of rotation was 6.3 radisns per second and the sccompenylng accel-
erations were 4.3g units. The results for models 11 and 13 ares presented
in tgbles XVIIT and XXIT, respectively. As indicabed 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
& tumble during which the tumbling rate of rotation during one revolution
varied from sbout 1.5 to 4.5 radiasns per second, full scale. The resultant
acceleration varied from approximately lg to lhg end the component of
acceleration along the long axis of the plilot varied from spproximately
2g to -3g while that component normal to the long axis varled from approxi-
mately 1 to 14. The average angular velocity for the tumble of model 13 was
approximately 3 radlans per second and hased on this average valus, an accel-
eration of only about 4.5g units would be obtained. It appears, therefore,
that in order to obtaln a trus plcture of the accelerations, conslderations

- must be given to the varlations 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.
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In order to obtain the true acceleration to which the pllot will react
physiologically, the effects of gravity (lg) must be added to the calculated v
results. ILittle 1s known about rapld repetition of exposure to short-period - ~
accelerations, but negative accelerations directed through the long axis of
the pllot (a's are the least tolerable. Reference 2 indlcates that continued
exposure to negative acceleratlons of 3g may cause symptoms of concussion of
the brain and that negative acceleratlons of 5g may result in massive
cerebral hemorrhage and possibly death. It 1s indicated In reference 3,
however, that negatlve acceleratlions of 3.6g have been tolerated for periods
of 7 seconds wlthout any apparent 111 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
thet forces of 6g to Tg wlll cause loss of consciousness. Also 1t is
pointed out that continued acceleratlons normal to the long axis of the
Pllot are not well tolerated above 12g's. Although no informatlon 1s
avallsble with regard to tolerance of exposure to repetitious acceleratlions,
it is concluded that the accelerations encountered during e tumble may be
exceptionally dengerous to the pllot.

Pilot Escape

Study of the accelerations actling on the pilot in a tumble indicate ..
thet 1t may be very difficult for the pilot to climb out of the cockpit
if 1t becomes necessary for him to leave the alrplane during a tumble.
Ald from en ejection-seat arrangement may be required. The results of
brief tests of models 11 and 13 indicate that if the pillot can climd out
of the cockpit and Jump, he will not be struck by any parte of the alr-
plene, in that the results showed that the model pllots cleared the models

by & large margln in each of several attempts.
CONCLUSIONS

On the basis of the results of tumble tests of 14 dynamlc models,
the followling conclusions are made.

l. Conventional airplanes will not tumble, whereas tallless and tail-
first alrplanes may tumble.

2. Increaesing the statlic longltudinal stabllity tends towards the
prevention of tumbling.

3. Pallless alrplanes having low aspect ratioc and a large pitching ‘
Inertla parameter (?Y/Hbe) are less llkely to tumble than those having
high aspect ratio and & small pitching inertis paramster. -

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 1n producing recovery from a tumble when the static
longitudinal etabillity is marginali. "

6. Two parachutes, one attached to each wing tip, will generally be
effective 1n producing recovery from a tumble.

7. Accelerations In a tumble may be exceptionally dangerous.

Langley Aeronsutlical Leboratory
National Advisory Committee for Aeronsutics
Langley Field, Va.
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TABLX I.- DIMENSICNAL CEARACTERISTIOS Qf HMODELS PESTRD

[lodel values are presented In terms of
corresponding airplane valuas]

Afrplane 2 2 3 L) ] 6 7
L L e : 1 —L . 2
Hodel eoele 18 0 0 16 5.9 7.8 £
Over-all length 27.0k 30.17 23.7> 15.00 . 29.58 39.46 50.T0
_. Wing " - B
Spam, ££ . v 4 s 0 ¢ o s 9.0 3%.0 3%.0 2.12 5k.0 13k.0.
Aree, 5Q fh . ¢« ¢ 0 o a5 213.22 232 100 »6 1800
Aspect Tet10 . « ¢ 4+ o 1.9 5.43 5.28 [ W] 8.2 10
Root chord, m. - + « . 98.64 98.6 100.0 8.1 116.6 279.6
Tp cherd, In. . . - . 6.8 50,0 60.0 8,58 {;233:;2 } 23,97 %6.8
Taper ratic . . s . o o 0.66 0.51 0.60 0.33 0.258 0.376 6.167
B dme e eeae 2.3 80.6h 83.16 6191 ég'rff } .8 190.8
Leading 3
resrvard of leeding
adge of root chord, P
M. e e v 3.08 5.41 h2.85 41.36 - -29.1 8e.8
.88 (forwara)
Tvist, deg o « o « o = » 0 1} 0 -] ;%mcn:t 1.5 washin 1.5 waskout
.5 at 54,0 at k3 at 2 at
Dihedral, 488 « ¢ » » « peraact peraent b -k.0 percert yercant 5
chard chord chord chord
Swoep at quarter .
chord, dag  « « . - o [ 0.kl back 0.75 back | 0.8 becy 3.0 beck 28.5 back 15 forward 11.2 back
CIE (expended Ak o o A-103 with
Beotiam root . - . . - . [gB0 1 m:mf) """"" {0015 gs-am } {6500-0015 } 23008 13" pafox
Horizontal tail
Uppex vee, 5.17 ag,52
Bpam, f . - o v e 14.83 13.0 1.0 [{7ERRT veo! 81 byso oo oo
O 6112 ¥.20 a8 | (e 7o, f_l":"ffr’ ﬂ!'?'gg Fone Kooe
Elevator L
Tail Pivet On Inboard On Inboerd
TYDO v o 4 o o o 2 o o & Normal Normel Rormel Rudsvators all movable trailing edge ing edge
of wing of wing
Total ares, sq £6 . - - e7.07 17.30 12.00 %.86 :gf:gg 36.40 156
Distance from cemter of [ o
gravity to hinge queater chard;
1ns, 6 « o o » o+ o 17.15 16.83 16.kT {L.Q’l upper Tee 15.98 5.h2 10.k
5.Th lover voe
Varticeal mu. e "
ertiosl fina 8.32
Aree, BQ ft « o 4 . o 25.7T 19.00 14.36 center vertioal 27.8 335 180
tail 7.55
Basder s e -
Doal wing- .« Dual
TYP® o ¢ 2o s v o s v o Formal Xoormal Normeld Budevators {uynddm- Normal {fipmll
svea, 8¢ Pt . o . . . . 13.53 11.07 8.03 See 13.00 1.4 90
Distence from osuter of
gravity to hinge .
Itne, £t .+ o v » & » 17.08 17.2% 26.77 Rlevator 7.97 2.3 12.83
. . Iaterel m_:nt.rgl . . _ - N v
PYDPE . v e e s v e Alerons Alercms |[Allerona Allercns Adlarcns Allerons Adlerons
Bpan, perceat b/2 . . - %.62 39.0 k0.3 k0.3 39.11 5.8 50.3
Ayea reaward of hinge
line, sq £t . . « . 22.62 12.76 12.32 2.8 13.2 %6 110 Ps
. . Cantrel daflections e e e
° . £r ] E 30R 15T N T hom, 2L Jem R
Brs 408 - ... - 308 jatn: (& : 118, bl { t
2 By, d0g .- 0 300 [l
had 15 u= 150 500 200 10
Q : . 200 200 =T
Bgadog . o u o . G’g {E; Ggg pe > {21;3 /&”

— SR S NACA
bhevised, ——
S1, left; R, right.

', up; D, dowm,
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TABTE T.- DIMPRSIGHAY, CEARACTERTSTICS OF MODELS TESTED - Conoluded
- -

2y D

foond DB oy
\ oy
Alrplana 8 9 L 1o n, 12 13 1k
i F 1 1 i 1 i
Hodel soals 16 20 57.33 16 60 17.55 20
Ovar-sll langth 26.13 27.78 50.9 14.2% =k.0 364k h1.37
Wing
Bpen, £H o o ¢ o 4 o o 60,0 172.0 39.0 290.0 38.67 29.42
Ares, Bq It 450 293.30. 1920 375
Aspact ratio T.36 T.36 19 10.6 3.0 2.31
Root cherd, in. 15T.0 %x50.0 1h1.6 ¥80.0 192.0 305.8
Tp chord, In. 39,0 35.84 96 116.0 0
Taper ratlo 0.2k8 0.2h8 0.253 0.20 0.60 [}
%, im. ... 209.8 s 102.3 375.6 15740 203.9
Leading edge of o
rearvard of
edge of root chord,
Me i e 10.02 69.7 k9.3 20.88 83.56 101.9
Trist, 468 « « « o + o & o n ' ° 3}
2 a% 2 at 1 ak
Dihedral, d8g8 o .+ « « & P vl mt parcent o
chord chord
Swsep &t quarter
choed, d88 -~ o = o o o 21..9 back 21.9 back 2k.9 baock 0.6 farverd 'l:ck ) 37.6 back
WAGK AR WACK HACH, HACA Lo HACK
Bsctiom rook « + o . . . {ocn.s {6513-019 }. 5,3-019 }{&12-018 }{sslk-oeo (1"12;_2%-)1) 65-006.5 }
Horizontal tail
Spen, £t . . . . 18.7h Nans Hons Nens Hoens Nons Remes
Aven, 8g £t . . o) a a v,? do. do- &
Elevabar
On Inboard
TIDE 2 o = » s ¢ o o = Tlevans Elsvang Elevons Elevans trailing edgs Elevong Elasvons
of wing
27.3 (rearwvard
Totel aren, g TH . . . k8.0 .85 {qf“ 1¢ }} 32.6 2ko 5k.k 33.31
Distence from cemter of
gravity to hings
Time, b v o e o o« o| ILAS {"-9 éal.p) } 16.85 5.2 27.2 18,75 10.53
Vertical tall
kres, Bg Tt . . ... .| 2802 T Rane L Xome | 3T.2 | 792 | 122.% | 67.0
Budder
TYDO ¢« e« e o o o oo | Doal TuAderaiSplit roddars | Spiit rudd l:]ﬂ-itrudm: {mmﬂ,“u Tm’-"" Normel
Area, B Lt . . o . . . 13.52 14.63 120.0 21.68 308 32.0 13.8
Digtance from cember af .
gravity to hinge 15.15 to
line, Pt o « . o o o o (1393 B0 Top .68 22. . 10.8 of .86
N § fings Itne T o5 5.65 u::s T un
Lateral cambral
TYDP® « o v o + @ « e+ o| Eevos Elevona Elevns :llurun'l Allerocng Elevons Elevons
Spen, percent b2 . . . Beae Bee See Bee 58.6 Bee Bes
Area reervard of hirgs
1line, sq £t e« o o Flevabor Elsvator Eevator Kievatar 638 Bevabar Elavatar
Ocntral deflections
L2 ’ 25R 6xr 6ar ksU 3R 25R 3B
Brs 88« ¢ o - - v o1, &m 6m ¥5D e BT, 3oL }
Ro.50
N h5g o4y 200 1920 10D 300 200
Ga, 408 « ¢ o o & o & o g
15D 11D 100 3G 20D 200
i L
. 10y 170 15w 0:;’ 100 150 1507
Ba, A0 « ¢« o o o o o P[50
10D 13D 15D Ty 300 15D 15D

Soriginal. - “NACA
BRaviged.

°L, left; R, right.

ﬂD‘, up; D, down.
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VASLE IT.~ WASS OEARACTERISTICS OF MOTELS TESTED
[oded values are pressnted in terma of full-soale valusd

AL
Oentar—of-gravity m‘:’g‘ Nomects of 12 Fitohing inertia pa
Oendition Hziﬁxt looation () (slug-reet®} Iy
z/T | Sea |Altitude I (E
*fe A el s T T Iz
Normal 5,938 [o.212 | -0.0n5 | 7.67 | 6% 503 | . som | 87 0021
Normal 7,406 | 288 100 |13.3 fé‘-‘gg 5,201 6,07T 10,70k 023
Formal 6,212 | .20 135 (100 | 3000 2,7% %560 6,8% 019
Normal N,552 | 226 -.013 |28.2 ’{fg" TH 1,199 1,509 -019
Normal 7,668 [ 17 -.015 |11.89 m,cgg 4,287 11,084 14,53 028
Normal 3,846 | .18 -0 | e.61 ”L°1‘;° 5,084 »,369 9,363 .013
Nt sorvioaged | 3,507 | 16 035 | 2.38] 3.79 k,789 mers| 9,096 013
Centar of gravity
5 - 3,846 | .13 -0% [ 2.61( 4.13 5,084 &, 86 9,860 01k
forvard, normal v
Center of gravity
5 percent 3,866 | .23 -0%2 | e.62 | nas 1,084 3,868 8,80 011
rearvard, normal
Fully loadsd 7,886 | .18 -0 | 5.35] 8.1 5,66 4,738 10,904 00T
Korxal 60,600 | .21 o 3.28 | ~eeomm 1,156,577 230,708 | 1,352,379 £07
Hormel, 16,858 | .263 005 [22.05 13;?33 18,296 13,367 33,703 o5k
Normal 6,526 | 29 .| -0k | 292 ’{:9‘? 19,138 2,074 21,298 .003
~rt .
Conter of gravity
5 perocent & 6,694} 2k | -0k [ 2.08 T3 19,132 2,679 21,709 00k
forward, norwal 2o
¢ . .
Normel 155,000 | 213 -0k | 2.93 ag,go 3,3%,000 | 433,500 | 3,769,000 003
Genter of grevity
7.5 peroent 5 |155,000 | 200 -0 | 2.93 | %% 3,380,000 [ k33,%0 | 3,769,000 003
forvard, normel
Normal 4,62 -251‘.\_ & 0okg | 5.29 13,30 &,07x 1,030 7,108 .00%
m‘“ 9,000 | 268 | -1 |1w0.0916.36 9,550 1,%0 11,120 004
’m“,_@f“’ 13,091 | 268 011 | 15.18 | 2k.2h 19,152 1,925 20,908 003
Center of gravity
13.2 peroont o | L,642 | .383 . ko | 5.29| 8.2 6,07% 1,030 7,102 005
rearvard, normall /.\'D
Normel 317,000 | 20 o 1.8 9‘;:‘3’30 36,913,234 | 10,018,370 | 36,513,234 012
317,000 | .26 1.0
317,000 | 275 3.0
317,000 § 300 1.0
Formal w517 | 267 -.004 | 9.89 | 24900 10| ses|  3som 034
Center of gravity
7.71 percent <© | 1h,L8k [ .ok -003] 9.87|15.688 13,25 £3,810 35,907 039
rearvard, normall
Center of gravity
6.31 peroent < | 1h,L8% | .@26 =003 | 9.861%5.69 13,437 £5,h12 37,640 038
rearvard,
Normal 11,648 | .gho 0Lk | 13.580 | 21.93 - 3,99 27,619 29,557 .088

< SINACA

L



TABIE IIT.~ INDEX TO TABIE NUMBEERS IN WHICH THE RESUITS ARE PRESENTED FOR FACH MOTEIL TESTED

Model Tmbling Tumble-recovery Pilot-eacepe Acceleretions
characteristics parachute results resulta In tumblas

1 Iv —
e v

3 VI

L VII

5 VIt ‘

6 IX

T X

8 IT

9 T ITIT

10 v
11 v VI Vi1 IVIiT
12 XIX
13 IX ba IXTT
1k XXTII

geSrRT 'ON W YOVN
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TABIE IV.- TOMBLING CHARACTERISTICS OF MOTEL 1

lljorml loading; clean oonditlon, aillercms neutr@

Behavior of modsl

Method of Tummel airspeed, (2)
lamching full scale Rudder

model (fps) Longitudinal stick poeition

Full back Neutral Full forward Free

Posltive

pitching 137 Right D D

rotation

Do=--- 167 medom= D
Negative

pitching 137 Neutral D

rotetion

Do-=== 137 Right D D

Do-=== 131 --do~- D D

“EEN—— SRR

CKey

D No tumble; dived with no oscillation in pltch.

9T

QEIgT "ON Wd VOVN




TABIE V.- mmemma

[Formal losding; clean condition; ailerons newtral]

Behavior of model
Mothod of | Tumel airspeed, : (2)
launching full scale Rudder 1%
model (¥pa) Longltudinel stick position
Full baok | Neutrml | Full forward | Free
Positive
pitching 176 Right D D D
rotation
Hegative
pltching 176 Reutral D
robatlon
Do==-- 176 Right D D D D
L W
Koy _

D Ro tumble; dived wlth no oseillation in pitch.

9SrgT "ON ¥ VOVN

LT




TABIE VI.- TOMBLING CEARACTERISTICS OF MOIEL 3

E}Iorml loading; clean condition; allerons neutral]

Behavior of modsl
Method of |Tunnel airspeed, (2)
lawmching full scele Rudder
$d.el (fps) Iongltudinal stick position
Full bvack | Neutral | Full forward | Free
Positive
pitching 176 Right D D D
rotation
Negantlve
pitching 176 Neutral D
rotation
Do-=-r 170 Right D
Do--=- 176 ~~=dp-~ D D D
R oy g AN e

D No tumble; dived with no oscillation in piteh.

BT

geLgT "ON W3 VOVH
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Dol
TABIE VII.- TUMBLING CHARACTERISTICS OF MODEL L4

Normael loading; clean conditlion; rudder neubral;
flaps and lending hook retracted; tunnel
airspeed for all tests was 161 feet per second,

full scals]
Behavior of model
(2)
Method of |Lateral
lauwnching | stick Longitudinal stick position
model position
Full back]Neutral [Full forward
Positlive
Pliching|Neutral. Y c c
" rotation
Do=-~-~| Right c C c
Do---~] Left c c . c
Negative
pltchingjNeutral C c c
rotatlion
Do-=---| Right Cc C C
Do----| Left Cc Cc c
8oy O

C No tumble; dived with rapldly damped
oscillation in plich.
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NACA RM No. L8J28

dived with slightly demped cscillation in pitch.
dived with rapidly damped oscillation in pitch.

Behavior of model
(a)
Method of {Twnnel airspeed
Model lounohing | full scale Longitudinel stick positicn
configuration ) (rva) =
Full forwerd | 1/2 forverd] , 17° dowm 1/e beok or| Full back or
o 60° wp or 30° up 30° down 60° down
Bmall elsvator,| Poaliive
emall wing pitching 193 B A
tips rotation
Bo-=-====omem= —==go==~ 163 A
Regative
Do==o=m=mm—= pitching 163 B B A
rotation
Do==mrmmmmmm- ~--do~=~ 193 B
Simmiated
Do==-=nnmmmm= waip 193 B
atall
Dom=mm===mmmm --~dp=-~ 0k B
Do—-=-—m-mnmm -~=do--- 13k c
Small elevator, { Positive
large wing pitehing 163 c A A B B
tips rotation
Negative
Dorr=m=m————— pltching 163 B A, C A A
rotation
Simulated
Do==rewm=———= vwhip 122 c
stall
Large elevator, | Positive
largs wing pltching 163 ¢ A A
tips rotation
Negative
Do=m=mm==n =---| pitohing 163 A A B
rotation
Simuleted
Domm=wu—mm——- whip 122 [+ c c
stall
Large elevator, | Positive
amall wing pliching 163 A A
tips rotation
Negative
Do==-mmmmm—an pitohing 163 A A A
rotation
Simulated
Bo=——mrmmmman vhip 17h c ¢
stall
Poaitive
No elevator pltching 163 A
rotation
Negatilve
DO==mmm=mm——— Pltching 163 A
rotation
A Tumbied ) m
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ocr 2. IO ot e

Bate of

Batavior of model
(a)

No tumble; dived with slightly damped oscillatiom in pitch.
Ko tumble; dived with repidiy deaped oacillation in pitoh.
¥o tumble; dived with no ogolllation in pitch.

Hethod of lateral
Change from criginal Loading lamching [airspeed, | desoent, |pmaes | aticxk Longitulinal stick position
olean configmretion| sy fnﬂ(- scals|full actle poaition|ru1l 1/3 2 2/3 farvera| FWL
fpe} (£os) bagy] Femtray[+/5 2T ““"{ 308 forvard
30 down
goar onj Bogative
spollers neutral Normal Hiching €3 |em-—e-em~|Noutral|Neutzal | C
Do dor a 63 96 emlgmrn|-==@on-- A
I d - et 63 14 ==do===|===do~=~
Do & ~-—do—--| 63 25 1a & c
Do & d 63 “se-—-—-|Neutrel| Left | D
o
Dom=m-emae o~ e=—dom oo m e 63 do---|Mentzel | & c
rotation
Do do e 63 ST ==do=n=|eeefomm-
Do~ Ao am—edp-——— 63 25 laft & c
Do~ d d 63 e — |Neutraz| Laft c
. . Xegative
EOAY COF [ dom=mm====} pitching 63  {-mmmeem- ~=]-=~80~-|Neutzre1l | D a A
spollexrs e rotation
Do 3o & 63 95 -=-do~—|---do--- A
Fosltive
Do~ o Htching <] |-=~do~=]---20---| &
rotation
Do- 4o jr——to--— &3 4 a c c c
Epollers uﬁmj——mmﬁ{m
landing gear 2 percent & pltohing &3 d Ll o A A
Jettiscnad farvard rotation
Do=eemm~=—= 4o d 83 88 & d A
Do ) a & 9 & 4 A
WS S S SN JURP PN, 63 e B D D
- ICentar of gravity|Negative
Landing gear omj P & &
11 pexrcent pltching 63 c ¢ A A
830 fad Torverd rotation
Poaitive
Do a pitching 63 a d A c c c
rotation
Centar of gravity|Negative
Do--=—-w—==| % percemt Z pitching 63 d der c A A A
rearvard rotation
FPomltive
Do L pitching 63 [mmmmeemmae |---do-- |-—da—r-] & A A c c
rotatian
Wegative
Spoilers neutral Fully loaded M 102.1 d ---do---| C A A
rotation
Fositive
Do a ptohing| 1020 d0- (==-dg=--| A ¢ D
rotation
Belaased
in &
Minimm noee-up
Dom-======= [ g 1ght attitude k] 100 & a B
aimlating
a whip
atall
Do- & ]--—do—— 38 102 ---dg= |---do--~ B
Do==m=n== -— & & k-] = |-—=dg== | -==do=-= B
To- 4 a k] 5 lect{---a B B
Do~ 4o =wm=dg-=n= L] vemmmmmae eutrel | Lot B B
Tuxbled. h 'NAE




TABLE X.- TUMBLING CHARACTERISTICS OF MOLEL T

Eﬂ’laps up; rudder neutral}

Behavior of model
(a)

Toadl Mothod of launching Alleron
g model deflection Elsvator deflection
10° up 0°
Positive piltching o
Normal rotation Both 10° up A
Do---==mmmcmmmmum Kose-up attitude --=-(o=-===- D
Center of gravity b percent T | ______._. dQmmmm mmemmem 00 A
rearward, normal
Do=mmmmemmmccmems | ommmeaw do=re=mmmu= Both 10° up A
Center of gravity 3 percemt ¥ | R R .
rearward, normal do do D
Center of gravity 2 percent © | .
rearverd, normal do ~--do==- D
P = A
A Tumbled.

D No tumble; dived with no oscillation in piteh.

gciB'T "ON W VOVN




TABLE XT.- TMIMMMI% OF MOIEL 8

[Formal loading; clean condition; rudder neutral; ailercns neutral]

Behavlor of model
Mothod of lawnching | Tvmnel alrspeed, ()
model full scale
(fps) Longltudinal stick position
Full back | Weutral | Full forward
Released in a nose-up
attitude simulating o
a whip stall vithout 188 ¢ C
rotation
Pogitive pitching
rotation 188 ¢ c
Negative pitching
rotation _ 188 ¢ c
By L N S RAA

¢ No tumble; dived with rapldly demped oscilletions in pltch.

QargT “cN W4 VOVH



TABLE XIT.- TOMBLING CHARACTERISTICE OF MOIRL 9

72

Behavior of modsl
Chengs from Lending | Plteh Mothod of [ TRl 1 oo a1 () -
one Loading doftmoiicn| aatlonts Lunching | 23780001 | stiok
cloan an on gpar 1 sea
c 1on (8sg) (20g) mods (£p8) position | Longltodimal stick position
Full back | Newtral | Full forvard
Poaltlve
Tone ¥ormal 0 0 Retreoted | pitching & Full lsft A A
robatiom
| ~dg=mmmm——- 0 0 -=-flg---- | --=0--~ (55 Teutrel A, B A A
Do ; do 0 ) ---do---~ | -=~dp--~ &5 Fuoll, right 'y
Hegatlva
Po=mmmmmm | mmamaa gt o 0 ---o--~- | pitching (5] Fall left A A
rotation
1 Ap-mmm——n- ) o ==-80r =~ | mnedg=n- 65 Hentral | A, B A A
Do- g mmm e o ) w==do=-r=~ | ~=-80=-= ] Foll right| 4, B
Equivalent Poaltiva :
propeller fin | =wew=- Qo= e 0 o ===ldo-~== | pltohing 65 Foll left A A
cree installed robaticn
Do=r=rmame | cem——— =Bo==————— 0 0 ==rdgye~== | =—=d0-n~ 65 Feutrel A A A
Do - do 0 0 ==-40-~=- | <~~do--- 5 Full right A
Nagative
Do- =10 1] 0 ==-do~--- | pitohing L) Full st A A
robation
Do --- a0 0 ] -==do---= | =~=dg--- & Feutral A A A
Do 40 0 0 ==mgm=== | ===do=-= 65 Fnll right A
Canter of grevity
5 peroant & Positive
Hous forverd for 0 0 ---do---- | pltehing 65 Full, left A A
I1ight-test rotation
condition
Do-rmrren= | weare e 0 0 wretgr = | ===fgm-- ) Feutral A A A
o do 0 0 ~=flg-~=u | =medg=-- 5 Full right A

oy — —

B Ho tuablej dived wlth wlightly demped oecillation in pitch.

gergT ‘CH WM WOVN




- . ' .
TABIE XII.~ TUMBLING cmmmﬁics OF MOTRL 9 - Continusd
m“of C))f model
Change from Tanding Pitoh - Tunnel a
original Loa flap flap Landing l;:thog of | atrspesd, Lu::r;l
olean ding doflection | deflection | gemr une ;l.ns full soalse| ° i:im Longltudinal stick position
oonfiguration (dog) (aeg) mods (rps) | Po# :
Full back | Neutral |Full forward
Canter of gravity
5 percent © Regative
None forward. for 0 0 Ratracted | pitching 5] Full left c A, C
flight-test rotation
oondition
Do do 0 0 rerdorasn | =e=do=-= 65 Noutral c [+ A, C
Domnmmrenn e mndgenam———— 0 0 medgrran | nenfge-= 6  |Full right c
Auxiliary leading- Poaltive
efgs 20-poroent- Normal 0 0 ~==fo===- | pitching 6 Full left A A0
apan elate rotation
Installed
Do do 0 0 el grmn= | mmedgmnn & Neutrel, A A A
Do=em=mnmn =mmem Q- 0 0 R LUEEY [P IO 65 {Tull right A A
Regative
Do do 0 0 ==-80---~{ pitching & Full left A A
rotation
Do - do 0 0 =eeg=n== | ~e=fo=nn (] Heutrel c A A
Do: do 0 0 —nflgr=r= | ===do-~-~ (5] Full right A A
Auriliary 1o &” Positive
odgs 3oporoant”|------ ~dommenann- 0 0 wsflomn== | pitohing 6 Full left| A o
installpd rotation
Do o 0 0 nuudomre= | —ardom-- 6 Neutral A A A, C
e P dg=m=nmmnm 0 0 wemdgmmmn | wmciomu- 6  |Full rigt A A
. HRegative
Do do 0 0 -=-dg=-=~ | pltohing 6 Full left o ac
rotation .
Do do 0 0 reeOm=== | ===lp=~~ (55 Neutral c A A
Do do 0 0 wmegmmre | wrmedomm- 6  [Full rignt ¢ A, C
%oy T NN
A Tumbled.

C Ho twmble; dived with rapldly damped oscilimtion in pitch.

82Srg1I "ON WI VOVN
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TABIE TII.- TOMELIRG CHARACTERISTICS OF MUDEL 9 - Continued

Behavicy c)xr model
Chagge from Landing Pitoh od or | Twmsel €1
original Toading fiap ep Tanding :.!::Enh.lng alrspesd, I::;ﬁ]'
olsen dnflegtlon | dafleotion| gear modsl. full soale position Longltudinal atiok poadtion
coafiguretion (2e2) {aeg) {£pe)
Full baok | Neutrel {Full forwmrd
Split-typs rudders
talled and Fogltive
+EnD Formal 0 0 Retractad | pitching 553 Tull left A A
dstlected +60 rotation
o both wing tips
Do weramm == 1 ===-rdg=--==r 0 ] ~=rlg~==- | ===dp--- ] Heutrnl A A A
Do~ do 0 0 ~~+ldp--=~ | ---dp--- & Full right| &
Nogative
Do do 0 o ---do--—~ | pitohing & Foll left A A
rotation
Do==rmmrma | e do-=r--= 0 0 ===do===u | -=-dg--- & Neutral A A A
Do da 0 0 —=-fg---~ | =m-dg=-- & Foll right A
Pogitive
Yemding @0 | -e-em do-~~-~= 50 down 26 up Extepded |pitching & Tull left A
rotation
Dommmmmamun | wmwas do=-==-= | 50 Qowm 26 up e -l B -EE 65 Neutral A A
Do do 0 dowva 26 up —==lo---- | r==dg=-- (5] Full right A
Negntive
Do -do 0 down 26 up ===lo-—- {pitching [ Full laft A
rotatlon .
Do==n==-=--~ ~=e=edge---— | 30 dovn 26 up meedo=-m= | mmdge—— &6 Koutral A A A
Do 40 %0 dowvn 26 up ===ig--== |===dp--- 65 Tull right A a
Horirontal
“1:: = 10 perceat Poaitive
¥ing ares mmamlg-m——— 0 0 Retracted |pitching Full, laft [ c
installed on & ® P tatio @
boom rearvard of
the modsl
Do do 0 0 medig-m== [---fO--~ 5] Meutral ¢ ¢ c
Do ~Arr ] <} -—~do---- [---80~== ] Full right c C
A ‘Tumbled. 3 ,

C Fo tumble; dived with rapidly dsmpsd osecillation in pitch.

Q2rgT "ONM W VOVN




TAHLE m.—mMmM9 = Qontinvad

Benaviar of modsl
Ohangs from Lending Fltch od ot | Tomel |y o0 (a)
origlnal Toading flap flap Landing lavnching alrspead, atick
olean deflaction | daflaotion | gear fal  |full scals posttion Longltudinal wtick positian
ocufiguration {2ag) (dng) (1pa)
Yall baok | Neotral (Foll forverd
Eorizombal
E ::ulg. Nogative
inntalied o a Normal 0 0 Rotrnoted | pitehing 65 Tull left c
boon. rearvard of rotatisn
the model
Do==em=nman= —nfDrannra 0 0 =~=dg==n= [==cfigr-r 6 Noutral ¢ 0
b o 0 0 -=—dg-—= |-~ig-~~ ] Tull right 0
Eurizuﬂ:-il-;t
area = 5 pavoeant
ving aree S u— o ) SN i o | reLere] e
inatalled on a Nm‘ﬁ
bom rearverd, of [robat
the mpdal
Do 1o o ] —=fiparu= |medgun & Noutral [H [
Do A0 0 0 memfiymmen |um g  Irolrigt| ©
Hemetive
Do o 0 0 -=~30---- [pitahing o Tull laft ¢
rotatios
Do ——— do- ] 0 meedgme— |-madny=—- & Noutral c c
To~ 4o 0 Q e e e | o ] 3 mams? a5 Full right 4
Hordirontal
Aron = 2 parocent Positive
ving avee B 0 0 -=-dg~--- | pltching 5] Tull. lofh A
installad on a rotakion
boom rearvard of
the mojel
Do 4o 0 o werdguuss |mmrdgu—r 65 Neutrel I 4,0
DO e B . ! 0 o el vm e |ammlOman &5 Tall right
[Fegakiv
N [P P " 0 1] el mene [pd oNing [ Full laft A
rotatdon
| STUTUU D7 — 0 [ gy [l gy [ Fewizal 4, 0 A
™ A 0 0 R S (R, — 6 |mal rigne] A
“xay NGRS
A Yonthled.
C No tumblej dived with rapldly damped cssillation in pitob.

gefg T “ON ¥ VOVN



TAPLE IIX.- TUNELING CHARACTERIOTICS OF MOIBL ¢ - Conblmued

Behavicr ?I model
Chavgs from Ianding | Pltch Nothod of | Tummel | Laterel (2
ariginal Loading Tlap Tlep Lending | lamching | airspoed, | mtick
. oleen doflection| daflsotion | geer model | ¥ull acels | pomiticon Longitadinal stick positicn
ocnfignretion - (dwg) (2eg) (fps)
Pull back| Neutral [Full formard
Ralsased
without
rotation
Xone Bormnal 0 [+] Betractsd | from a ™ Tall left A B A, R
Dose <UD
vertioal
attitmle
D=mmmmmmm [ em—— [T — - 1] o] =—==dp=== | ===dg--= ™ Foutral A, B A B A, B
Do 40 0 (] m==lp-== | == fg--- ki) [Full right A B
Equlvalant
propeller fin | ==v=—-rdl0uusme=— 0 o eaeelpen= | cucdpea- ™ Tall left B
aren Ingtalled
Do Ao 0 a mumeflgom= | mmeldge—- ™ Foutral A B A B A B
To -0 ) o ST S (R P 75  [Fell right AB
Centar of gravity
Kons 5 paroent [} 0 . F YR [P - 7] Fuil laft ¢ c
forward
To wlo 0 0 RR 1. .. R ) Foutral c ¢ c
Dguurmnwnrs | wnmeemdpumanane. o o el | weedgeu= ™ M1l right ¢ o]
20-psrosnt-apm
anrilinry Hormal 4] 0 ———Qg=== | a=—dg~n- ™ Fall l=ft ¢ c
londing-edgn
platy lpgtallsd
YR P el mm o 0 amretymee | cnndge- ) Boutral A, C AC c
Dormrarrrm |emem—m I T . [ 0 RORSY FAR PO - Fall right| € c
Y5-percent-spen
axllisry B . 0 0 m—rilp=mn | celln-—- ™ Full laft ¢ C
leeding:
olots ingtelled
' (R JEUP, P — [} 0 el | =l ™ Beutrnl AL [ [
To--mmmmme | =meeme B -EESEE 0 0 mmm-lln==n | re-do--- vl Fall right 4 c
ey E - 3 ~FA
A Tumhlsd.
B Jo tmble; dived with slightly daoped ocaclllation in pitob.
¢ No tomblej dlved with rapiily damped osclllation in pitoh.
L] " -
* ot »
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gergl "oN Wd VOVN

r - ' L)
TRIE TIL.- Mm 9 - Contiguod
Prteh Buh:wlu:(' g&‘ modal
Uhanga from Mathot of | Towoel |1 a
ariginel flap Tlap Landing | nonohing | Bixapesd, a:::l
olsan Toading defisation | deflootion | goer modal  |Tull soale [ o, | Teneltudinal mbisk position
portigmmation (deg) (aeg) (foe)
Full hsok| Newbzrel | Fall forward
Rslsased,
Bplit-typo rodders without
Inwtalled rotation
daflected *60° Tormal a 0 Fotrestod | Iram e ™ Jull left B
an hoth nOsA-TD
wing tips Terbioal
attituls
- el e [+] 1] e~=rllger= | wredpana ™ Fewbral B oD
o 40 0 (] el LRI R T ™ |muLrighs| A, B B
TandIng [, 1. S—— w| 50 downm 85 wp Extandad | ~~ulon=n ™ Full. laft [4
1 T el mm————— =0 down 26w mweldpmen | —lguu ™ Kagtral Q ]
To 4 % dom | S6wp | ----douee | vudlgmnn ™ |Fallright| 0
deflooted and
fenadB [N B 0 wrimllimee | meedin e [ o
i 50 doewn ~0 ™ Fowkrel
extandad,
Do ~do %0 dowm 0 ey mun | wrllnves 75 | ¥gll right| - 0
Tanding floge [RR [ —— e 0 Retraoted | =edo-en
et 0 ™ Toll laft [+}
TSR NS Fm— R I P Y 0 rmnedmen | meflgme= ™ Yoytral g ]
Do do 0 down 0 rewrlpmne | ==dpuna ™ Full right o
Lending moar B o o Ertepiol | -=-flne~- ™ Rortral A B A B A, B
ectended
Pltoh fleps el = sy e 0 26 wp Botraotof, | ~r-Ao==- ™ Full left{ A, B
dofloctad,
Do An ¢] 86 mp ere=domun | rrullbnes ™ Netrtrel A B A, D AB
o a 0 26 evurfoem= | -—d0--- ™ il right| A, B
ool rontal
arsa = 10 paroent
ving area I P —— wereldpmmn | colliana
ingtallod co B ~do a 25 wp 4o o ™ Tull laft £
boom resrvard of
the modal
— —
A Tobled. . @ .

B Yo twmble; dived vith slightly dempod osedllxiion in pitoh.
with rapldly dzxped osoillation in ydtoh.



TABIE XTT .- TUMBLING CHARACTRRISTICS (F MODEL 9 - Continued

Changs from

Lapding

Pitch

Tmnsl

Bahavier of model
(a)

original Loading flap | flap Landing "mmmmds airspesd, I‘:ml
alean daflectic | doflection | gear fall. sonle posdtion Longitndioa) stick position
oanfiguration (dsg) (deg) zodel (£pa)
¥Foll back | Neutral | Full forsmrd
Borlzontal Boleased
area » 10 percent vithout
wing area rotaticn
Inetalled oo & Hormal 0 26 np  |Retractsd ﬁ 1 ™ Nautrel c
boom rearverd of o=
the model vertioal
attitude
Do do 0 26 up ==sfgm—=r | ~==do-== 5 Full right
Horizomtal
aros » % percenct
wing arsa R P - TR B
instalied oo & ~do 0 26 wp do ~do ™ Tull left
boon rearvard of
the mndel
Do--~==-mmun e ————— 1] 26 wp ==~dg~=-=- | --=dg--- ™ Reutral [+
Do -do 0 26 wp -—~dg--~~ | =~-por-= ] Full right
Horlzontal
ares, w 2 percant
wing area  |__ .. . - we | edgyeee 7
dona -do 0 26 wp ~do~ do i) ull 1aft
boom rearwerd of
the model
Do====m===n~ mm=mmaQm == 0 26 up ==<do==== | ~=-do--= i Neutral ¢
Dommmmmmmmne | camem —do---n=-n o 26 up =-=dg=-== | ==-do-=~ ™ Tull right
Fose of
modal
approxi-
_____ ——— cmedpeaew |MAtely
None =-do 0 26 up =do 70° Deloy 5 Full laft
harizon:
. vhen
rolsassd
B ¥o tmble; dived with elightly damped oscilletilon in plbch. @
C Ko tumble; dlvad wlth rapidly damped oscillation in pitch.

ot
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TARLE XIT.~ TIMBLING CHARACTERISTICS OF MOTEL 9 - Conolnded

Beharior of model
Chenge Tron lenling | Bitch Mothod of | Tumel | Latexel 2)
origlnal Londing ap Tlap Lending |3mmohing | sirspesd, | gtick
cleen dsflection |deflection | goar podal eonle | pomttion | Lemeltudinal atick position
configuration (2eg) (deg) €2
(Fnll back | Neutral |Full forward
KNoae of
model
approx -
matoly
Fone ¥ormal, 0 86 up | Retraoted 105 bolow ™ Heutrel B B B
horizontal
vham
reloaged
Dommmmmmmmnm mmmmdgmnmnn 0 26w | ---8p--- |---do=--r 75 [full right| B
Model
Domsmmmmnnn= SR P 0 26np | ~~-do--- |Borizamtal| oy Full left| C 0
rolsassd
e mmmemdgm—n- 0 26up | -=-dp-=- | -==do---- 5 Nentral c e ¢
R e s 0 26 up mm~fgm== | ~==fp=-=~- TH right c
Hosa
-------------------- 26 —-—p--- |8llghtly ] £t c ¢
o do 0 wp o e 75 Full le:
horizontal
e . aal 0 26up | ~+-fo=- |~m=do=--- ol Feusral a e e
Do---=-=== == | ~==-~lp-~--- 0 26 up --—llp~== | =nndpmaan 5 aat| ¢
E.Eﬂy

B No tumble; dived with plightly demped csolllation in pitch.
0 No tumble; dived with repidly demped omcillation in niteh.
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TABLE XIIT.- EFFECTIVENESS OF PARACHUTES IN PROTUCING RECOVERY FROM ESTABLISHED TUMBIEJ
OF MODEL 9

EJlea.n confignration; normal loading; stick neutral; wheel neutral; pltch flaps neutral; landing flape
neutral; landing geer retracted; towline length as Indicated; point of towline attachment as indicated;
dismeter of parachutes 7 feet, full scale; drag coefficlent of parachutes, approximately O.7; tunnsl
elrgpeed for ell tests was approximately é5 feet per‘secomd, full scale; models lawmched with Initlal
positive pltching rotatlon; recoveries from timbles attempted by opening parachutes am indicate{[

Towline lengthy Tumbles for Bel
Towline attached to full scale Recovery attempted by recovery af ter vio:(:at):f modeq.
(z+) parachutes opened ‘
Fixed portion of Opening two perachutes, 1
wing between elevons 2.5 one attached to >3, >3 by
and pitch flaps -each wing
DO emmmmmmmmmm 30.0 | eceremcnna- do=smmarnnn >3, >3 Pa
Rear portion of | .. | A 1 .1
ing t1p 0.0 -do 12, ]2 B
Do--==~===rrr 0.0 | == domeeemm—re- 1,1 B
Opening parachute 11
Do---=-====-—- 10.0 attached to right 1=, o= B
wing tip 2 2
Domesanmnmannn 00 | ememeee- ~om=nnmmnmn- >2, >3 A
Koy W ~NACA

A Tumbled.
B No tunble; dived with slightly damped oecillations in pitch.
bTowline and parachutes wrapped around wing.
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NACA RM No. L8728

£,
from Trinel Ptk Latersl
ey T Loating Mathod of launohing | mirpsasa,| fisp Eatders | eiter  |longitudinal stick positios
canfiguration mdel full scals| deaflection pomtticn I FalL
(fpe) (dog) Full back | Nemtral| , %o
>0 %% | Hplaesed in & nose-up
None Hormel sttitude simxlsting 13 ] Neutral Neutral B B B
e ip stall
p» CYETeT— ..} L i1 [»] —amflg=——— laft 3 B 3
Do 4 & m [} . - anend Right B B A
g YT — v - a 172 o [ 7 y— Left ) Iy
—————— e | Poxitive pitching 1 o L
Do v—————eto rotation T2 -dg---- Feutral 4 A A
Do v &0 172 ) ~——do—--~| Right & & A
o PrE——— & 4 12 0 ey —— laft A A A
. d Negative pitching e | il e
ot 1Te [ —dp A a A
Do a ) 170 [ ——to-—-] Eeutral & A i
Do —-do 4 1Te [} =—-do--— Right A A A
Cenbker of grevity R
Do--~——= | 7.3 pex E 4 172 o ~m=slg-=== | Neutral B B B
DO =mmmm—— do L 172 o ==——dp——- Left B B B
Positive pitching )
Do y) Totatio 172 [ ——8o=--- [ —lo—m A B B
Do 4 4 178 [:] ~ow-dge-m={ Neutral B B B
Dg=rmnmnmm Normal T < — 272 [] Botk open | ----do-~-- A A i
Do A r3 172 4] —=n-lgee--| Right A A A
N e | Yegative pitching [ e
Domeummmm | mmemetinen by 172 0 2o —is -] A A
Do X - A 172 [-] -=~fg---~| Nawtrel B A A
Do do & x7e Q Right open | -==+do=—== A
To a ) 172 ) —=m - Laft i
To-=--amn " ) : iT2 0 -——dpee--| Right n
. Positive pltching g m—— _—
Do Tots: 12 -] -do ——iio- A
Do a & 172 [ ~==-dp---- | Feutral A
Do 4 4 172 o —-do—-—-|  Left % ~
Do & d e 30 wp Howtral [ ----do---- i A A
Do 4 4. iTe 0 o mm—elg—=— | Neutral A A A
______ - mweeem } Hegative pitohing [ R . B i
Do -] Totation TR 30 up --~=do ~do- A
Do 4 4. 172 30 up ~= =g =n== Left B [ A
Do 4 4 172 15 dowm [Py [P S— A A A
Do~me—mnn . 4 ITe 15 down ~-—dp~—-]| Neutral A A A
FPositive pitching — ——— | —— ——
Do a b} 172 15 dovn ~do o A A A
o - ry A 172 1% down O left A A A
Landing flaps 4 A [ 7
acwm 60° e 0 ~&o. Feutral A A A D
Do 4 e pitching 2 [ [RSSIV P [P 7. — A A
rotation 2 4o
T X Positive pltching cemmdymm e | mmmafG———
rotation e 1% down ~do- ~30 A B D B, D
Do . & 178 13 down | Right open | ~~--do--—= X, B B, D
[ — a ) 172 15 down | ===-do-—~-| Bignt A D
To a : ] 172 1% down | ~~--fo-=—= Left 4, D
Outboard & a 172 4] Heutral | Neutral 2 A
syollers cpen B
. Negative pitching — ame= | o ———
Do i 72 [} 4o -do- A A
Slots open & d 1r2 o === | mmedO———— 4
& Posltive piiching ————fgaem= | —-. ——
To tetion 172 4] -do -0 A
Blots and center 4 doemr Y ° [N [ P A
spoilers open T
_______ - ~ewm——- | Negntive pitoking memfigence | mmaedp————
Do —————=do rotation iT2 0 =-do -do A, D
8lots open 4 2. iTe [:] Laft open | ====do=-=-= B A

ey — ~NACA
A Tumbled.

E Ho tumblej dived with slightly demped omaillationm in pitah.
D Ko tunble; dived with no cscillatiam in pitch.



3k NACA RM No. 18728

TABLZ W.Mcmmn

Behavior of model
Model condition (a)
Turmel Lateral
Mathod of sirspeed, stick Longitudinal stick
Auxt1i Loading launching #odel |full scale position
ary position
1t Rudders Landing Xlevon {fra) -
davicen gear deflactions 1::21,.:. Neutral r!\u.l
orwvard
Lo -percent- P
semispan | Weutrml | Retracted | Original Nornel ogltive Ditohing 178 Newral | o | ¢ ¢
slata
S PN S PR (U, 1 [— —40----~-- | Fegative pitohing 178 ~-=do-- [ ¢ c
rotation
Dou=m= |===-dQ=== | ==u-dg~-= | Revimed [ em=---- Bommmmnme | vameaaa [ TSNP 178 —udo - c c c
2% -pervent-
soniapan |----Gomun | ~me-domsn | —memcdgmans | cmmveam P P";:::::oﬂ”"“”‘ 378 | --eloe- | A ¢ ¢
slats
Full open
Do---- | &8 dive | ----dp~~- [ ----cdo-m-- 4 - 4 178 -=-dg-~ A c ¢
Prakes
Dom=== |===dg=n=| macdg--= | ~axc-do---= 4 Neg:i::‘:itchme 178 —eo-- | € e ¢
Do---- | Meutral |Extended |-----a 2 Fopvive Pitching 178 | --do- | A A
25-percent-
sewispan | ___ ., ___ I R _ e
suziliavy -do Ratracted -do ] -4 178 ~do A c [+
airfoll
Dom-m= }emrloman | combomum | mmomdgmnnn | cmmmmen o= | FOBRITE Pltohing 178 | --<eo-- [B, 2] ¢ 4
25-percent~
sentopan |----do--- | —-do--= | sea--do---- | TEYCTRER un;‘“" L [Py — 208 | wndo-- | @ A A
slate
U R VY [V S P ) S Y ?ﬁ::::c’ﬁim‘-"e 208 wdo-- | A A A
e |occclgeae | ccccdgens | cccacdpeeam Meximm groes | _______ 4. _______ el
Do -4 ~do -do velght -do 234 ~do: A A A
N P wen. | Negative pitching
To-- -4o--- | Extended 4 . D ation 234 —~-do-- [ A, D A A
2% -percent~
wemispan |___ e Positive pitohing e
auztitary [~ 4 & < Potation 234 2o A A A
alrfoils
Baleased from
None Neutral { Retrected | Original Normal noss-up vhip 178 ===do== [y c [
atall
£%-percent-
semlapan [----do-=- | -~--d0---] Revieed | --—---- -0 el 178 ---do-- c [+ c
nlatg
iy
B spen ___ R cem | meen ——— 4 — - - _—
enxiliary -do -do ~do 178 =do C c [+
airfoils
25'2:?’“*" Center of gravity
eelspan | __ 35-ee| ----do=-- | ~=ce-@o--=~| 13.1 percant &} ~-~--n= V- p— 178 -=do-- B A A
alats reo
T
Heleagod from
Do=-== [====lO==~ | eme—dgunr= | —ccmedp--o-f ———--=n -40--==~--] nose-lown whip 178 --do-~ A A A
stall
“xey I
A Tunbled.
B No tumble} dived with elightly damped cgoiliation in pitch.
C Fo tumble; dived with rapidly damped osoillation in pitoh.
D ¥o tunble; dived with no oscillaticon in pitoh.

ot



D Ho tumblse; dived with no oscillation in pitch.

h ~ ‘v []
- . . '
Tmm.-mmemmmmmmmwm 1
ET.oa.ﬂing an indicated; landing gear retracted; £5-psrcent-asmispen glats extended;
cockplt closed; rudder neutral for all tests
Beharior of model °
. ’ Flat dismeter | Towline Tumblas Lateral (a)
Loading ¥athod of lumokhing |Fumber of perachutes | of parachuts, length, for recovery atlok
model releanad full scala |fnll scale |after perachute position Longitudinal stick poaition
{rt) (£t) oponed
Tl back |Neutral | Full Forward [
Poaitive pltching | —
Intermsdiate rotation One from ving tip ] 1.5 Mortral A A
Dommmmmm | wumama S T RS R R [ S — 8 19.5 - Right A
One from each
B e ——— 6. . -- H
~do ing tip &1 9.7% exrtral A
Do-rumm- EESCEEE LETT LT TR IR dp-remmmnm 8.0 Q.T% -- ===dp~~ A
Do----== | =nmman T e o= rdQmmmmnnnn 7.2 9.5 - ---8g-~ A
Tomrmmm= | cmeeen N P T S 8.0 19.5 - —-—-dg-- A
Do====n=| wreeee =qo~emnman | mmeams dommmmm—n- T-2 19.5 - ===dgnn~ A
caneen | Hemmtive pltohing | __ o rm— . 1 D Y.
Do rotation o 6.67 97 &y ~da
Maximmm Poaltlvo pitching 5. . - ~elO--
volght rotetion One from wing tip 67 19.5 -do
Dowermm= | wmoees R do=—=nm-=- 0.9 19.5 6 =ordg -~
One from eaoh d
VYR O PR— ekl 8 19.5 i | o=
PO [, I PYRUU |- S 1.9 19.5 13 -
A Twobled.

gergl °"oN Wa VOVH
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TABLE XVIT.~ ESCAPE (F DUMMY PTLOT DURING TUMELE OF MODEL 11

Ioading condition

Model conditilon

Dummy relsesed from

Behavior of dummy

25-percent -~
semlspan Thrown forwvard
Meximum gross welght slats; over the nose
center-of-gravity normal Top hetch of the modsl
26,8 psrcent @ drag cloared all
rudders; surfaces
vartical fing
Dowmmmnnmnn | wnmonnnndOren——— Bottom hatch Do.
i R

1
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TABLE XVIIL,~ BATE OF TUMBLE AND ACCEL¥RATICKS ENCOUNTERED TN TUMBLRES OF MOTDHL 11

Resultant

Mothod of . Q r
Modsl condition levmching (full scals) (full scals) agﬁii’iﬁ’?ﬁ“‘hﬁm“
model (radiens /eec) (£4) (g mits)
Center of gravity
13.2 percent T
rearyard. normal. Whlp etall Tal 4,9 77T
Minimm flying
welght
Intermediate loading; | Fosltlve
PS~percent=gemispan | pltching 549 4.9 593
alate rotation
Maximm grose welght; -
25-percent-gemlapan | —~mrdo=w=m 7.0 k.9 T+H
8late
Meximm grese welghts
suxiliary elrfolls | me~e~dom==- 8.2 4.9 10.0
Installed

e
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TABLE XTX.- TUMBLING CHARACTERISTINS OF MODEL 12

[Formal loeding; tip talls installed;

roddex noutral]

Bahavior of modml

Change from Tumsl (a)
orlginal clean Loading Hsthod of leunching alrspeed, Alleron
condltlon model full-scale daflectim Elevator deflsotion
(£ps) (d02)
3° wp o° 30° aown
13-percant root chord Center of gravity
extension an & parcent T P°'ﬁé;3 pitching 95 0 D D
olevators rearvard rotation
-
B B R I wfonmmm—————— 15 0 A
Do~—=--=cmom | mmennee Hdpemewnmn | eeeenea- 0=~ mm————— 0] 0 R
Do-wremmeem= | eeeman- Ao--=mmmm | memme—- -4 --===mmmnm 95 20 both down A
________________________ Fogatlve pltchling D D
Do ~do rotation 2 °
Dy-—-mmmmwem | aeemnee e R B pm—e e nem s 0 D
Po=mmemomeme | mcmmee T Y —— Bolsaped with nose wp 5 0 B, C ¢ c
Do =-~do . B 145 20 both down [H
Center of gravity
Dymemmenan 75 percemt & -- &0 95 0 c
........................ FPositive pitching
Do o rotation R 0 A
Center-of -gravity
PO 10 pexeent © Roleasad with nose up 145 0 B B
rearward
a;
Koy . A
A Tmmbled.
B To tumbls; dived with slightly damped oecillation in pitch.
C Ho tmble; dived with rapldly damped oscillation in pitch.
D Ho tumble; dived with no ocaclllation In pitoh.

gt
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4 v, > Y
. ] . .
r
TABIE xx.-z&m'rm ar MTEL 13
Elenter-ot-smri'q location ea indloated} landing gear
retrasted; ailsrons newtrel; reddars neutrai]
Bebavior of model
Timnal (a)
Loating Conf1gnration alrapeod, ¥otiwd of lawching modsl
nJ_‘I(. aujJ.o Lemgitudinal atlck poeltlom
Ipo
Full back Moutral Jull forward
Horml Cloan 168 Fomltive pitohing rotation D ¢ ]
Dounermonen mmeeellpannn 158 Fagetive pltehing votation D
umu'ri of gravity
T Tpavcant & | g
et -do 168 Fosltive pitqhing rotation B o
normnl
ST I — D eunn- 158 Hegetive pltohing rotation [+ [ (¢}]
Doummnman - Blats opan 168 Poaltive pitohing rotation A c ¢
1 — R 7 - 1658 Nogetive pitohing retation c 4 D
b T mm 168 Fositive pitching rotation c
Dommmmmmnn SO T S 168 Kogative pitching rotatlon ¢
v m——— Raleaned from noas-up
o Blats opma 168 s 1ntad whip tal] ¢
Relosasd from nose-
U [ — I PR 168 borirontal simnlated D
rocovery from whip stall
______ Belonged from noee-up
Do Cleen 158 . whip mtall c
Bealsassd from nose-
Dorrmmere | e 5 P— 168 borizomtal aimmlated B
. recovery froxm whip stall
Centar of gravity
6.31 paro:;t ¥ Blats open 158 Pomitiva pitehing rotation B, G ¢
norwal,
Do mmem Cleem 158 do c o
A Twmihlod.
B No tumblej divod wlth slightly danped' aspillation in pitoh.
C Mo tmblsj divod with rapldly deuped omolllaticn in piboh.
D No timhlej divad with no osoillation in pdich.

o

After recovery frum turble, model went into & spin.

-
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TABLE XXI.~ EFFECTIVENESS OF PARACHUTES IN PROIUCIIRG RECOVERY FROM ESTABLISHED TUMBLES

(F MODEL 13

[Norml losdings center of gravity located 2 percent mean serodynemic chord; elewator full-up; allerons
nentral} rudders neutral; slete extemded; landing goar retracted; towline attached to wing tip; T5 percent
of wing-tip chord; tunnel airspeed for all tests was approximately 168 feet per secomd, full scale; modsl
leunched with posltive initlal pitching rotation} recovery attempted by opening parachutes as mdicate{]

Diemeter, |Towllne length, Tumblea for recovery
Drag coofflcient [full scele Tull scale Recovery attempted by after parachutes Behavior of model
(£t} (£t) opened (a)
Opening two parachutes,
0.69 8.3 25 one attached to & 71I D
each wing tip
1 1
67 by 136 [-memmmmeee- Gormmmmmennnl 2 a2 0, (b)
O e paraoie 11
.69 8.3 %5 attached to rignt =3 (c)
wing tip
.67 bl 13.6 R P ——— 11;, 1 (c)
L GRS

aKey

D No tumble; dived wlth no osclllatlon in plich.
PBoth parachutes oollapsad in wing wake and reopened and went Into apin.
CAfter recovery from tumble, model went into a spin.

o4

Rergl ‘oK Wi VOVN




TARLE XXIT.- ACCELRRATIONE IN A TUMBIE CF MDIEL 13

Center of gravity located at 24 percant of the mean asrodynamic chord; slats sxtended; positve pitching rotation;
rate of desosnt approrimately 200 £ps; pllot's head locabed et r = 13.k £t from the center of graviiy;

all values ave approximato]

lrangentin). ncosler— Componsnt of Component of
Mznm?utomoehr- ation duwe to agoelaration acoslaration| Total result-
I\?ua, t | Anglo of attack o | 8blon due to rota- angalar acceler- ddrected normal to ant ascelara-
sec) (d8g) ton shout tho oenber ation aboub the through long | long axts op|  tlom of the
of gravity a, center of gravity ey |axis of pilos a'| pilot a" | Pllot's beel a
(g unita) (& mits) (g mita) (s misa) {g mits)
0.033 31 TT -0.2 ~1l.6 ~1.5 7.
098 18 T - ~“£.0 7.1 71
nl63 & 7.2 "31-0 "2-3 "6.9 702
228 78 6.5 -1.2 2.4 -6.1. 5.6
293 g2 27 -1.5 2.6 =53 5.9
358 10% 5.1 -1.6 -2.6 =7 5.3
-1|-23 JJ-B ]l--O '1-8 "2-5 "3 l6 l|.,l|.
-433 128 3-5 '1-8 "2-5 '3 L 1I--0
+553 139 3.0 -2,0 -2.5 -2.6 3.6
-618 lll'e 2-}1- 2.0 "2|5 '1-9 3-0
-683 15‘6 J.IT "2-1 -2.14 "1-2 El?
748 16 1. -2.0 .2 -.8 2.4
-8.13 :LR 8 8 -5 =1.0 1.1
-BTB lTT 8 2.0 1.8 1.2 2.1
-91}3 "'1.75 1-9 -8 ll'l' "EOO 2-1
1.008 -167 2.1 6 2 2.2 2.2
1.073 -]J:ﬁ 2.8 o7 3 -2.3 2.3
1.138 - 2.6 1.3 .8 2.8 2,9
1.203 "'138 5-'{- 1.9 -9 "5.6 5.7
1-268 "126 309 2-5 108 ')-I-¢3 4-6
= A A
1-11-53 "83 9'3 2-1 13 -9.7 91-7
lim '% 9-2 0 "llB ‘9!0 9-2
1.593 -7 B =1.3 ~3,0 -8.0 8.5
1.6%8 -29 ) -7 2.2 -T.6 7.9
1.723 -1k 7.9 -5 -2.0 ~7.6 7.9

I¥alnes obtalned fram figure 16.
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TABLE XXIIT.~ TOMBLING CHARACTERISTICS OF MODEL 1k

[Center of gravity, 2k.l percent mesn serodynemic chord; ailerons neutral;
rudders neutral; tummel alrspeed, 147 feet per second, full scele]

Behavior of model
Method of (a)
Couflguration |Loading hﬁgﬁng Tongltudinal stick position
Full beck | Neutral | Full forward
Released from
nose-up
Clean Normal simnletod D D D
whip stall
Posltlve
Dowmmwn | =undomen pliching D D D
rotation
a];;ey S W

D No tumblej dived with no ocacillation in pitch.

e
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Horizontal Displacemenf, f}

/20 8o £0

NOSE.

TRAJECTORIES OF:
CENTER OF GRAVITY.

PILOTS HEAD

TAIL

MOTE:

/S 0065 SECOND.

THE INTERVAL OF TIME |
BETWEEN EACH POSITION

H20

160

+200

g
1} quawadw)dsiq  [pIIL4B\

&

320

360

Figure 1.- Fﬁll-sca.le path

of motion obtalned 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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Figure 2.- Three-vliew drawing of modsl 1 as tested 1n the Langley
20-foot free-splnning tunmnel. Center-of-gravity locatlon 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 tumnel. Center-of-gravity locatlon shown
1s for the normsal loading.



NACA RM No. L8J28

| | 27
e 2.0a0% -
/ !
—_—— e
\4.40 W
/17.85% -—
b 5,6 9 ] .
(/”_____q(’/f———\\\‘\~_‘ :
.

Figure k.- Three-view drawing of model 3 as tested in the Langley
20-foot free-spinning tunnel. Center-of-gravity locatlion shown

1s for the normal loading.
L
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Figure 5.- Three-view drawing of model 4 as tested in the Langley
20-foot free-spinning tunnel. Center-of-gravity locatlon shown
1s for the normal loading. .
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(a) Three-view drawing. Center-of-gravity locatlion shown is for normal

loading. Revised elevator and wing tilps Installed. .

Figure 6.~ Model 5 with revisions as tested in the Langley 20-foot free-

gpinning tunnel.
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. (b) Originsl and Tsed configurations of wing tips end elevators.

Figure 6.- Concluded.
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Spoifer

247"

Figure 7.- Three-view drawing of model 6 as tested in the Langley
20-~foot free-spinning tunnel. Center-of-gravity locatlion shown
ls for the normel loading.
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Figure 8.- Three-view drawing of model 7 as tested in the Langley

20-foot free-spinning tunnel. Center-of-gravity locatlon shown
ig for the normal loading.
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Figure 9.- Three-view drawlng of model 8 as tested in the Langley
20-foot free-spinning timnel. Center-of-gravity location shown
ig for the normsl loading.



(a) Three-view drawing. Center of gravity shown is for normal loading.

M™Magure 10.

- Model 9 with revision as tested in the lLangley 20-foot free-spinning tummel.
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(p) Horizontal tail and simulated propeller fin aresa.

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,

Flgure 10.~ Concluded.
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(a) Three-view drawing. Center-of-gravity positlon shown 1s for normsl loeding. Landing gear
extended and slats open.

Flgure 1l.- Model 10 with revisions as tested 1n the langley 20-foot free-spimning tummel.
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at any station Y

(b) Inboard end outboard spoilers.

Figure 11.- Concluded.
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(a) Three-~view draving. Center-of -gravity locatlon shown ig for the normal 1oading.

Figure 12.- Model 11 with revielons as tepted in the Lengley 20-~foot free-spinning tunnel. 3
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(p) Slats.

Figure 12.- Continued.
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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 shown is for the normal loading.
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Figure 1l4.- Three-view drawing of model 13 as tested in the Langley
20-foot free-spinning tumnel. Center of gravity shown i1s for the

normal loading. —
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Figure 15.- Three-view drawing of model 14 as tested in the Langley

20-foot free-splimming tunnel.

normal loading.

Center of gravity shown is for the
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rmination of the centripetal and angular acceleration during & timble of

Figure 16.- Graphical dete

Baslc data glven in figure 1.

model 13.
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Figure 17.- Typlecal motion, which 1s represented by the symbol A 1in
the key to the data, in which the model tumbles.
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Figure 17.- Concluded.
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Figure 18.- Typical motion, which 1s represented by the symbol B in
the key to the data, in which the modsl 414 not tumble and dived
with elightly demped oscillations in pitch untll striking the

safety net. T
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Figure 19.- Typical motion, which is represented by the symbol C in
the key to the data, In which the model dild not tumble and dived
with rapidly demped osclllationg in pitch which were completely
damped before striking the safety net.
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Figure 19.- Concluded.
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Flgure 20.- Typlcal motion, which is represented by the symbol D in
the key to the data, 1n which the model did not tumble and the
osclllations damped salmost instantanecusly and dived wlth no

osclillations -~ pitech. q
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Concluded.

Flgure 20.-
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_ Figure 21.- Typical tumble of modsel G when released from a nose-up
am s attitude. Clean configurstion; stick full-back; wheel neubtral;
gcoop rudders and pitch flaps neutral; static margin spproxi-
N mately 0.2 percent. Camera speed, 64 frames per second.
- Velocity of air stream, approximately 75 feet per second,

full scale. S i
| . - NACA~
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Flgure 21.- Concluded.
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Figure 22.- Typical oscilllatory motion of model 9 when released from &
nose-up attltude. Clean configuration; stick neutral; wheel
neutral; scoop rudders asnd pltch flaps neutral; static margin
approximately 0.2 percent. Camera speed, 64 fremes per second.
Velocity of alr stream, approximately T5 f_eet per second,

full scale. ey
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Figure 22.- Concluded.
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Figure 23.- Typlcal action of parachutes 1n produclng recovery from an
established tumble on model 9. Clesn configuratlon; stick neutral;
wheel neutral; rudders neubtral; statlic margin espproximately
0.2 percent. Camera speed, 64 frames per second, full scale.
Towlines abttached to rear portion of wing tips. DParachute
diameter, 7 feet, full scale. Parachute drag coefflclent,
approximately 0.7. Towline length, 10 feet, full scale.




