= AN %‘1&

v
Bl
%
A ¥.741

@Lﬁﬁﬁh- ;u;.v.u ¥ uni w&ﬁiiﬂ

RESEARCH” MEMORANDUM

for the

PER MARENT FILE COP

Z
v

Bureau of Aeronautics, Department of the Navy

LONGITUDINAL TRIM AND TUMBLE CHARACTERISTICS OF A 0.057-SCALE
MODEL OF THE CHANCE VOUGHT XF7U-1 AIRPLANE -
-TED NO. NACA DE311
By
Robert L. Bryant

Langley Aeronautical Laboratory
Langley Field, Va.

CLASSIFICATION CANCI LLEG

‘ s dofun e?coumns classifieq
States WRUAn the meaning o
4 t:

rev ntents y nfagher l
mgdg_ncmed person is prohibld by la
W Mformation so classified may ¥e (mparted

y -
only to persons in the military and naval o #
services of the United States, appropriate 4’ p,
c of 0 M c / /

/s .

@m-d-

NATIGNAL ADVISORY ¢ RTEDPY
FOR AERONAUTICSTo be retusned to

WASHINGTON the files ot the ‘iational
JUL 201348 Advr-o'V |

-~ Tau—Agl-mlm—

M&ﬁh Wni aq_ o




o sirs CLAGEHFIOA \TI0N CANCELLED

NATTONAL ADVISORY COMMITTEE FOR AFRONAUTICS

RESEARCH MEMORANDUM
for the

Bureau of Aeronautics, Department of the Navy

LONGITUDINAL TRIM AND TUMBLE CHARACTERISTICS OF A 0.057—-SCALE
MODEL OF THE CHANCE VOUGHT XF7U—1 ATRPLANE —
TED NO, NACA DE311

By Robert L. Bryant
SUMMARY

The longitudinal trim and tumble characteristics over a large
angle—of—attack range have been investigated in the Langley 20—foot
free—spinning tunnel for a 0.057T—scale model of the Chance Vought XFT7U—L
airplane for various center—of—gravity locations. The effects of opening
the speed brakes and of extending the slats were also determined. The
investigation included tests to determine the parachute requirements for
recovery from a tumble, and brief tests were also performed to determine
if the pilot could escape from the airplane during a tumble. The
acceleration at the pilot's head during a tumble was computed.

The results indicated that the model would not trim at any angle
of attack at which it could not be controlled. The model would not
tumble unless the center of gravity was located rearward as far as
24 percent of the mean aerodynamic chord and then only if slats were
extended, elevators were full up, and the model given an initial
positive pitching motion. The tumbling motion obtained could be readily
terminated by deflecting the elevators full down so as to oppose the
rotation, or by the simultaneous opening of two wing—tip parachutes
whose diameters were L4 feet or larger and whode drag coefficients were
approximately O.7. Model results indicate that the pilot will not be
struck by the airplane if it becomes necessary to leave the airplane
during a tumble. It was indicated that the acceleration encountered
during a tumble may be dangerous to the pilot unless the tumble is
terminated immediately upon its inception.

CUASSIEATIE: CANCELLED
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INTRODUCTION

At the request of the Bureau of Aeronautics, Department of the
Navy, tests have been performed In the Langley 20—foot free—spinning
tunnel to determine the spin and recovery characteristics and the
tumbling tendencies of a 0.05T—scale model of the Chance. Vought XF7U—1
airplane. The results of the spin-recovery tests have been presented in
reference 1, and the results of the tumble tests are presented herein.
Tumbling is described as a continual rotation of an object about its
lateral axis in a free fall while the lateral axis malntains a direction
normal to the relative wind. Additlonal tests were made to determine
the longitudinal trim characteristics over a large angle—of—attack range
inasmuch as some airplanes of unconventional design have been known to
trim above the stall, at an attitude where the pilot had no control.

The airplane represented by the model is a single-place fighter,
powered by twin Jets which are housed in the fuselage. The airplane has
no horizontal tall, but does have twin vertical tails with rudders for
directional control. The longitudinal and lateral controls are combined
into one pair of surfaces known as "ailavators." The airplane is
equipped with leading—edge slats and speed brakes.

The longltudinal trim characteristics of the model were determined

~with the model mounted with freedom in pitch only. In these tests the

effects of longitudinal shifts of the center—of—gravity location, .
extension of the slats, and opening of the speed brakes were determined.
The tumble tests, made with the model completely free, were conducted
for the normal combat—fighter weight. The effects on tumbling of center—
of—gravity movements, of opening speed brakes, and of extending slats
were ascertained. The tests with freedom in pitch and the tumble tests
were supplemented by six—component—force tests over an angle—of-attack
range from 0° to 90°, . Tests were also performed to determine. the
parachute requirements for recovery from a tumble and to determine if
the pilot could escape from the tumbling airplane. From an asnalysis of
the motion of the tumbling model, approximate calculations-were made of
the accelerations that would be experienced at the pilot's head during
a tumble. ‘

SYMBOLS
b | wing span, feet
s wing area, square feet
c " wing chord at any station ¥y =along the span .
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° c mean aerodynsmic chord, feet

o088 ®

.o x/c ratio of distance of center of gravity rearward of leading.

.E . edge of mean aerodynamic chord to mean aerodynamic chord
*

" z/c ratio of distance between center of gravity -and root chord

line to mean aerodynamic chord (positive when center of
gravity is below root chord line)

m masg of airplane,‘ slugs
Ix, Iy, Iy moments of inertia about X-, ¥Y—, and Z—body axes, respectively,
slug—feet2
I-X—_—Il inertia yawing-moment parameter
\’.‘" mb2 '
} Iy — Iy : ‘
P =< <. inertia rolling-moment parameter
mb? ,
:[—Z—;—Il - inertia pitching-moment parameter
mb® ‘
P . air density, slug per cubic foot
Ho o ‘relative demnsity parameter (——-—pgb)
v full-gcale value of tumnel airspeed, feet per second
Vi ':_f';'_gw full-scale velocity of center of gravity along its
trajectory, feet per second
qQ S dynamic pressure, pounds per sguare foot (%pv2>
a a.ngle of attack, degrees »
¥ T a.ngle of yaw, degrees (po:aitive when nose of alrplane is
"to right of flight path)
€ ' 'angle between root chord line and a line through center of
gravity and pilot's head (11° for this design)
(<18 . elevator deflection, degrees (positive when trailing edge
- . 1s deflected down)
Cm piltching-moment coefficient <BLM§§SM)
qQS¢T
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2 cL 11ft coefficient (%?)
Y
e Cp drag coefficient (‘—7155>
P qS
. e r distance from center of gravity to pilot's head, feet
t time, seconds (taken to be zero the instant the record of

motion began)

e angular displacement of alrplane about its Y—axis, radlians
=0 when t = 0) :
: Q . angular velocity of pilot's head about Y—axis, radians
B per second (? gz
I .
?' fo4 acceleration due to gravity, 32.2 feet per second per second
- ac ' centripetal acceleration at pilot's head due to angular

velocity of airplane about ites Y-axis, g units

aep angular acceleration of airplane about Y—axis, radians
per second per second
ap , . tangential acceleration at pilot's head due to the
, g angular acceleration of the airplane about its Y-axis,
g unlts
a : resultant acceleration at pilot's head, g units
al ’ - component of acceleration directed through long axis

(assumed perpendicular to root chord line) of the
pilot, (positive when pilot is pushed down into seat),
g units

a" 7fcomponent of- acceleration directed normal to long axis

(parallel to root chord line) of the pilot (positive
”, when pilot is pushed against back of seat, g units

APPARATUS AND METHODS

Model

The 0.05T7T-scale model of the Chance Vought XFTU-1 airplane used for
the spin Iinvestigation (reference 1) was also used for the trim and tumble
investigation. The model was furnished by the Bureau of Aercnautics,
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Department of the Navy, and was checked for dimensional accuracy and
prepared for investigation by the Langley Laboratory. Dimensional
characteristics of the airplane represented by the model are given in -
table I and a three—view drawing of the model as tested in the clean
condition (1anding gear, slats, and speed brakes retracted) is presented
in figure 1. Figures 2, 3, and 4 are photographs of the model in the
clean condition, with slats extended and with the speed brakes open,
respectively. The model as received and tested had partial—span slats
although subsequent redesign incorporates approximastely full—span slats
on the airplane. For the tumble tests, the model was ballasted by means
of lead welghts to obtain dynamic similarity to the airplane at an
altitude of 15,000 feet (p = 0.001496 slug per cu ft). A remote—control
mechanism was installed in the model to release the tumble-recovery
parachutes for the parachute tests and to release the pilot for the
pilot—escape tests. The parachutes used were of the flat circular type,
made of silk, and had a drag coefficient of approximately 0.7 based on
the laid—out—flat-surface area. The pilot was ballasted to obtain
dynamic similarity to a 6~foot pilot weighing 200 pounds at an altitude
of 15,000 feet. .

For the longlitudinal trim tests, small chordwise extensions were
attached to the wing tips to facilitate suspension of the model in the
vertical alr stream so that it would be free to pitch about the desired

.center—of-gravity position. (See fig. 5.)

Wind Tunmel and Testing Technique

The longitudinal trim and tumble tests were performed in the
Langley 20—foot free—spimming tunnel which is similar to the 15—Foot
free—spinning tumnel described in reference 2. The data presented have
been converted to corresponding full-scale values by methods also
deacribed in reference 2. The force tests were conducted on a six—

- component strain-gage balance mounted in the Langley 20—foot free—

spinning tunnel as shown:in figure 6.

Lo Dal t — For the investigation of the longitudinal
trim characteristics, the model was mounted on a rig (fig. 5) at its
center of gravity in such s manner that the stability Y—exis was the
only axis of freedom (freedom in pitch). Provision was made for tests
about two center—of—gravity locations. At the test alrspeed the model
was displaced from its normal trimmed position and moved through a
range of 900 angle of attack by means of stringe attached to the nose
and tail of the model. The strings were attached in such a manner
that when they were released theilr influence on the trim sngle of
attack was negligible. When the strings were released, the model
assumed its trim angle of attack which waas photographed and also
recorded by visual observation.
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Tumble tests.— Several methods of launching the model were employed
in the tumble tests. To determine if the model would start tumbling of
its own accord, the model was dropped without rotation into the vertically
rising air stream with the nose pointing vertically upward (180° angle
of attack) which gimulated the attitude immediately before a whip stall
(a stall from which the nose whips violently and suddenly downward). The
model was also similarly dropped with the nose pointing horizountally
(90° angle of attack) which simulated partial recovery from a whip stall.
To determine if the model would tumble as a result of an external pitching
moment, the model was also launched into the tumnel with positive and
negative initial pitching rotation. When the model tumbled, it usually
made five or six complete rotations before striking the safety net on
the opposite side of the tunnel from vhich'it was launched. For the
parachute—recovery and pilot—escape tests, the parachutes were opened or
the dwmmy pilot was released, as the case may be, after two or three
complete rotations of the tumble. The pilot—escape tests simulated
conditions where the pilot had climbed to the top of the cockpit and was
realy to jump free of the airplane. Each test was photographed with a
motion-picture camera in order that the behavior of the model could be
gtudied more closely.

Method of Computat.{on of Accelerations

Tnasmuch as the head is the most vulnerable part of the body with
regard to accelerations, the accelerations at the pilot's head were
computed. The resultant acceleration of the pilot's head with respect
to the earth is the vectorial sum of the tangential and normal acceler—
ation along and normal to the trajectory of the center of gravity,
respectively, plus the centripetal acceleration a, due to angular
velocity of the airplane about its center of g"rav:L%y and the tangential
acceleration ap due to angular acceleration a, of the airplane about
its center of gravity. The path of motion of the model during a tumble
was obtained with a gtationary motion—picture camera.

The model motion was transposed into corresponding full-scale motion
and plotted in figure 7. This path of motion was used in calculsting the
centripetal acceleration a., and tangential acceleration ap by

graphical differentiation of the displacement curves, by use of the
formulas:

— 21'_ d T

8¢ = ‘(dt)g
2

_ r_4d¥6r

BT g 2 8



?u
3
F
i
Iy v
g
T
'
b
ga

a

NACA RM No. SLEF1L SN | 7

. 2 *
The slopes %% and %E% were obtained from figure 8 and were arbitrarily

taken at instances half-way between the recorded intervals of timse.

The normal acceleration of the center of gravity was neglected
inasmuch as the curvature of the trajectory of the center of gravity was
very small. The tangential acceleration of the center of gravity due to
variation in velocity along its trajectory was determined by the method
used to determine a, and ap. Because tangential acceleration was very
small it was neglected. Further investigation to estimate the magnitude
of the tangential acceleration of the center of gravity by analysis of the
variation in drag along the trajectory further proved that the tangential
acceleration was small (less than 1 g). The approximate resultant
componentas of acceleration directed through and normal to the long axis
of the pilot are then, respectively:

a' = 8; sln € + ay cos €

n

o
i

= 8¢ CO8. € + ap 8in €

and the resultant acceleration a 1s the vectorial sum of its components,
at and a" : ,

The same results could be obtalned more directly by determining the
tangential and normal acceleration from the trajectory of the .pilot's
head. This method does not lend itself so readily, however, to the
sgolution of accelerations for other points in the airplane as does the
method presented.

PRECISION

- The trim}&hd tumble results presented herein are believed to be the
true values given by the model within the following limita:
CL, degr'ees . ‘. s o e o o o o v- ¢ o & o e e o * e e = o’ e & o e & o -il
V, perCent e e & ® ® & & & s & ® s 6 8 ® ® e e ® = ‘. e o e o o+ s o . -tF)-

The values of acceleratlion given herein are believed to be the true
values existing on the model within +20 percent. :

Little can be stated about the precision of the pilot—escape teats,.
except that if the dummy pilot 1is observed to clear all parts of the
model by a large margin after being released, it is believed that the
rillot of the corresponding airplane, after he has Jumped, will not be
struck by any part of the alrplane.

TONFEDFNTINL.,



o TR =

8 _ - - NACA RM No. SLSF1h

Because of the impracticability of ballasting the model exactly and
because of lnadvertent damage to the model during teéts, the measured
welght and mass distribution of .the model varied from the true scaled—
down values within the following limitas:

Weight, percont . . . 4 . ¢ ¢« 2 4 & t 2 4 o s s s s s s s s 0 to 2 high
Center—of—gravity location, percent ¢ . . .« . « « « « . O to 1 rearward

Moments of inertia:

IX’ Percent e o ® o o @ e+ e ° o & o V- e ° & e o e ® & e s o 0] to h’ high

Iy, percent . . « « ¢ ¢« o ¢ ¢ ¢ s ¢« s ¢« s« « « o« o« « » o« 1 1low to 7 high
Iz, percent . . . . . o o oo v v v o et v e .. . 21owto5 high

The accuracy of measuring the welght and mass distribution of the
model are believed to be within the following limits: o

Weight,percent.... e 1
Center—of—gravity location, POLCONL T v o o o « o o o o o o o o o o o T
Moments of Inertia, Percent . « « + « « o« o o « o s 4 o s s 0 0 ... I

R
Sh

Control settings were made with an accuracy of *1°.
TEST CQNDITIONS

The conditions tested In the investigation of the longitudinal
trim and tumbling characteristics of the model are listed in table II.
Full-scale values of mass parameters for the loadings tested on the model

" and for various loading conditions of the alrplane are given in table III.

For all the tests, the.landing gear was retracted and the cockpit closed.

As previously stated, lateral and longitudinal controls are cambined
into one pair of surfaces known as allavators. Longitudinal control is-
obtained by deflectlion of the allavators together, and lateral control 1s
obtained by differential deflection of the ailavators. Hereinafter,
allavator deflections for longitudinal and lateral control will be
referred to, for simplicity, as elevator and alleron deflections,

~ respectively. For both the trim and tumble tests, in general, maximum

up—, neutral—, and maximum down—elevator deflections were tested. The
effects of lateral and directional controls were not determined for the
trim and tumble tests because the model was' free to rotate only about
the pitch axis during trim tests, and spin—tunnel experience has indicated
that lateral and directional controls have very little effect on model
tumbling tendencies.

The normal maximum elevator deflections used in the tests were 30°
up and 20° down. ILateral and directional controls were neutral for all

tests. The speed brakes were deflected 35° up and 35° down when open.
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RESULTS

The coefficients of 1ift, drag, and pitching moment for the model
for various center—of—gravity positione in the clean condition and also
with the slats extended are presented in figures 9 to 11. The results
of the longltudinal trim tests are presented in table IV. The results
of the dynamic tumble tests are shown in table V, and the results of
tests to determine the parachute requirements for emergency use in
terminating a tumble are presented in table VI. Table VII shows the
centripetal and angular acceleratlions acting on the airplane snd om
the pilot at various angles of attack during a tumble of the XF7U-1 alr-
plane. A comparison of the longitudinal stability characteristics of the
0.057-scale model with those of larger models at higher Reynold's numbers
is shown on figures 12 and 13 for the clean condition and wlith elats
extended, respectively.

_5; Interpretation of Tumble Results

- Comparison between model and slrplane tumble results cannot be made

‘as there exlst no full-scale tumbling data. In applylng the model results

to the full-scale airplane, however, assuming no scale effect, the
following interpretation has been placed on the results from the different
methods of launching

If the model tumbles when launched either with or without initial
pitching rotation, it is taken as an indication that the corresponding
alrplane 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 rotatlion stops after being launched with

- initial pitching rotation, the results are interpreted to mean that the

corresponding airplane will not start tumbling.

Uhpubliehed resulta indicate that the tumbling characteristice of a
model are.d;rectly affected by some function of the static longitudinal
stability characteristics of the model. It is believed, therefore, that
a comparison of the general static longltudinal stability characteristica
of the 0.057-scale model with those of larger models at higher Reynold's
numbers should give some indication of the scale effect existent in the
tumble ‘teste. Comparison of the general slopes of the Cp against
Cy, curves, for the clean condition, is given in figure 12 and shows
agreemont through a large range of Reynold's number. It is believed,
therefore, that the tumble results of the 0.057-scale model in the clean
condition may be considered as directly applicable to the airplane. TFor
the slat-extended configuration, an exact comparison of static—stability
characteristics is not possible. A comparison of Cp against Cp, is
given, however, in figure 13 between a 0.057-scale model with Slh—percent—
semispan outboard slats extended and a 0.145-mcale model (see reference 3)
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with both 49.2-percent—semispan outbeard slats and the 29—percent—semispan
inboard slats extended (the slat configuration to be used on the airplane).
These curves show similar inflections but indicate that the general slope
of the curve for the 0.057T—scale model with slats extended is representa—
tive of the larger scale results at a center—of—gravity poasition somewhat
rearward of that of the 0.057-scale tests. It 1s believed, therefore,

that the tumble results of the 0.05T-scale model with slats extended may
be considered applicable to the airplane for a scmewhat more rearward
center—of—gravity position, and therefore the model results may be
considered as somewhat conservative.

DISCUSSION | |
- Longitudinal Trim Characteristics

The results of both the static force tests (figs. 9 and 10) and the

free—to-pitch longitudinal trim tests (teble IV) show that the model did

not trim at any unusual or uncontrolled angles of attack and that the
olevators provided effective control over any trim attitude the model
agsumed. The resulta. indicate satisfactory longitudinal stabllity above
the stall and even up to 90° angle of attack. In the longitudinal trim
tests, the model oscillated (short—period oscillations) through a small
range of angle of attack for both meximum up and down elevator deflections,:

- but 1t is believed that these oscillations were a result of testing
' technique inasmuch as free—flight—tumnel tests (see reference 4) indicated

no such oscillations.

Tumble Characteristics

The results of:jhbitumble tests (table V) show that with the center
of gravity in the normal location (16.7 percent c), the model could not be
made to:‘tumble by any:method of launching employed and would recover
instantaneously when launchod with initial pitching rotation and dive
with no oscillations in pitch. With a center—of-gravity location of
22.6 percent T,  the results indicated that the model would not tumble, but
the tlime requlred for the forced pltching rotation to damp out was
noticeably greater than for the original condition. With a center—of—
gravity location of 24 percent C (the most rearwsrd indicated as posaible
on the. airplane), the model still would not tumble when launched with
initial pitching rotation but the time required for damping of the
forced pitching rotation was further incressed. ZExtending the slats
when the center of gravity was at 22.6 percent T had no effect; however,
with a center—of—gravity location of 24 percent ¢, extending the slats
when the elevators were deflected fully up caused the model to tumble
when launched with positive pitching rotation. Figure 14 is a repro—
duction of a motion-plcture record of this tumbling motion. When
launched from a simulated whip atall or partisl recovery from a whip
stall with these same loadings and configurations, the model would not
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tumble. This indicates that some extermal force, such as a strong gust,
would probably be required to start the airplane tumbling. The longi-—
tudinal stability characteristica of the model 1n both the clean and
slats—extended configurations with the center of gravity located at
22.6 percent ¢ and 24 percent T are presented in figure 11. Figure 11
shows that for the condition of tumble (c.g. at 24 percent ¢, slats
extended) a somewhat more unatable slope of the pitching-moment curve
was obtained than for the condition of no tumble (c.g. at 22.6 percent c,
slats extended). Either case with slats extended indicates less stable
characteristics than those for the clean condition. As previously
indicated, figure 12 shows that the longitudinal stability of the
0.057—scale model with 5h—percent—eemispan outboard slats extended and
with the center of gravity at 24 percent ¢ is somewhat less than the
stability of a O .145-gcale model of the same airplane with outboard and

" inboard slats, and it is therefore believed that the tumble results
‘'with .glats extended are somewhat conmervative. The speed brakes had no

effect on the tumble characteristics of the model. The results indicate

" that should the airplane tumble for any of the conditions tested on the

model, recovery can be effected rapidly by immediate full reversal of the
elevators against the rotation.

Tumble—Recovery Parachute Tests

For testa to determine the parachute requirements for emergency

 _use in terminating a tumble (table VI), wing-tip parachutes of 8.7T

and 4.24 feet (full scale) in diasmeter were used in conjunction with
towline lengths of 25 feet and 13.6 feet (full scale), respectively.

The center of gravity was located at 24 percent of the mean aerodynamic
chord and the slats were extended (the configuration for which the model
would tumble). Results indicated that the simultaneous opening of
either the two small parachutes (4.24 feet in diameter) or the two large
parachutes (8.77 feet in diameter) would terminate the tumble rapidly.
The smaller size parachute did not effect recovery from the tumble so
rapidly as.idid the larger parachutes. When either the small or the large
parachutea¢ware opened. singly, the model would recover from the tumble
but went into a motion which appeared to be start of a spin. rThe amall
parachutes had a tendency to collapse in the wing wake indicating that.

- the towline length was shorter than desirable. As indicated in

reference 5, towlines should be of sufficient length to assure efficient
operation of the parachutes but not so long as to become fouled with

- parts of the airplane. Spin—tunnel experience has indicated that for

tumble recovery, parachutes should be attached at the wing tip to

avoid tangling of the towline about the wing and, further, that the
parachute be attached as far rearward on the tlp as possible to obtain
the maximum moment arm, It 1s further indicated that positive eJectlon
of the parachutes should be used, and it is felt that the parachutes
should be opened when the alrplane is approaching a nose—down diving
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attitude such that the parachutes will be washed rearward and thereby
further reduce the possgibility of the towlinsa becoming entangled with
the wing. The parachutes ghould be relesased as 3oon as the tumbling
motion has ceased.

Acceleration in a Tumble

An analysis of the motion of the XFTU-l model during a tumble
indicated that the acceleration varied in magnitude and direction during
the course of one revolution of a tumble which is due primarily to +he
change in rate of rotation of the airplans about its center of gravity.
The results of this analysis (table VII) indicate that the most critical
value of the component of acceleration directed along the long axis of
the pilot a' ' may be of the order of —3g and the component normal to the
long axis of the pllot a" will always tend to force the pilot forward
in the cockpit and may be as high as 1lhg. However, the effects of
gravity (1 g) must be added to these results in order to obitain the true
acceleration to which the pilot will react phyeiologically. Inspection
of figure 6 and table VII indicates that the position of the pilot when
these values of a' and a" occurred was such that the effect of gravity
will increase a' +to —hg and 2" to 15g. The centripetal acceleration
due to rotation about the center of gravity constitutes the larger
portion of the total resultant acceleration and is due primarily to the
great distance at which the pilot is located from the center of gravity.
Little is known about rapid repetition of exposure to short—period
accelerations, but reference 6 indicates that a continued negative
acceleration of 3g may czuse symptoms of concussion of the brain and
that negative accelerations of 5g may result in massive cerebral
hemmorhage and possibly death. Reference 6 further indicated that
continued accelerations normal to the long axis of the pilot are not .
woll tolerated above 12g. Thus it appears that the accelerations in a
tumble may be dangerous to the pilot and, therefore, action should be
taken to terminate the tumble immediately upon its inception.

R

Pilot—Egcape Tests

When a dummy pilot was released from the top of the canopy into
the free stream during a tumble, it was observed to clear all parts of
the model in each of gseveral attempts by a large margin. TFrom these
results, it appears that the pilot will not be struck by the airplane if
it becomes necessary that he leave during a tumble. However, the
accelerations acting on the pilot indicate that the pilot may experience
difficulty in climbing out of the cockpit and may require ald from an
eJection—seat arrangement.
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CONCLUSIONS AND RECOMMENDATTONS

Based on results of longitudinal trim and tumble tests of a
0.057—scale model of the Chance Vought XFTU—l airplane, the following
conclusions regarding the trim and tumble characteristics of the
airplaneuyave been drawn:

1. The'airplane will not trim at any unusual or uncontrolled
angles of attack.

2, The airplane will not tumble with the center of gravity
located forward of 24 percent of the mean serodynamic chord. When the
center of gravity is located at 24 percent of the mean aerodynamic chord
and slats are extended and elevators are deflected full up, the alrplane

may tumble if given an external positive pitching moment.

3. The tumbling motion obtained will be readily terminated by
deflecting the elevators full down so as to oppose the rotation.

4, The accelerations encountered during an established tumble may

‘be dangerous to the pilot and, therefore, action should be taken to

terminate a tumble immediately upon its inception.

5. Simultaneous Opening of two wing-tip parachutes having diameters
of 4 feet or larger and having drag coefficients of approximately O 7
will effectively terminate the tumble.

6. Model results indicate that the pilot will not be struck by the
airplane if it becomes necessary to leave the airplane during a tumble.
The pllot may regquire ald from an eJectlon—sgeat arrangement.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Lengley Field, Va.

Robert L. Bryant :
AeronauticalvResearch Scilentist
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TABLE I.— DIMENSIONAT. CHARACTERiSTICS OF

CHANCE VOUGHT XFT7U—1 ATRPLANE

Length, over all, ft

Wing:

Dihedral, deg . « « « « ¢« o & o«

SpaI]., ft . L) - . . .o . . . . . . - .
Area, saq ft . « ¢ ¢ ¢« ¢ 00 o o . W
Aspect ratio .« + ¢« + ¢ 4 4.0 0 e 4 4
Root chord, in. . « « « + ¢ o o« & &
Tip chord, in. « « « &« « &« ¢ ¢ « o
Mean aserodynsmic chord, in. . . . .
L.E. T rearward L.E. root chord, in.
Taper ratio. . . . . e e e o o
Incidence (constant), deg e e e e

Sweepback of quarter—chord line. deg

Ajrfoil section. « « . ¢ & ¢ ¢ o

Ailavator.

Span, percent B/2 e e e e e
Locatioh of inboard end ay/b
Location: of outboard end 2y/b

Total area;sq ft . . . . « . &

Area rearward of hinge line, sq ft

Chord, percent c:
Inboard station « « « . . . &«
Outboard station . . . . . .

Vertical tail:

Height, Tt « « o« « »

Total area, sq ft « .« « ¢« « &«
Rudder area, sq ft . . . . « « &
Agpect ratio . + « ¢« « 4+ ¢ 4 . .

Location of vertical tail, 2y /b
Sweepback quarter-chord line, deg

Airfoil gection .« ¢ ¢ ¢ ¢ ¢ o« &

Speed brakes (split type):

Span, percent b/2 . . . . . . .

Slats:

Span, percent b/2 . . . . . . .

e o o o
,
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c e e e e e 36.44L
. . e . . . 38.67
. e e o o« . ko6
e e e s e . . & 3,01
e e e e s e . . 192
. e .« . . . 116
. e e e e e . 157
e e e e e s . 83.856
. e . . . . . 0.60
T ¢
S o
e e s e e e e . 35
—(00)—(12)—(1 1)(1.0)
O iy Y~
e e e e e o o . Jho1
e e s o s o o . 4963
. . . . . . L] . 5""-)'"
c e e e e o« . 53.0
e e e e s . 22,4
s e e e et 2902
L) . . ] . . . . 9.2’4‘
e e e s e o . 1224
e e 4 s s . . « 32.0
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TABLE II.— CONDITIONS TESTED IN THE INVESTIGATION OF TRIM AND
TUMBLING CHARACTERISTICS OF THE 0.057-SCALE MODEL OF THE
CHANCE VOUGHT XFT7U—1 AIRPLANE
Yo Change fiom Center—of—gravity Parachute Data presented
2 original clean location, percent T attached to on table
configuration
Longitudinal trim tests

1. None 16.3 None v

2 | Speed brakes open TORRL 0k Bl e o I v
Speed brekes open,

3 slats extended 16,3 [emmemes s v

4 | Slats extended Sl | e dos-acas v

G| e e L doEasesEE ot 2157 SISO S A0t v
Speed brakes open,

6 slats extended o R Lk R v

T None O I | do-=-==-= v

Tumble tests

8 None 16.7 None v

9| -—meeee s o TIPS ZU R R | S g do-=-===- v

10 Speed brakes open BHRDES b R e N s ¥ Lo o P v

AL Slats extended ) oo (b e e | [0 S S AOstmmes v

i d0-=-mmmme oo oo 22,6 | ee--e-- dom=mmm=- v

13 None 226 o f=eaanas O st S v
Slats extended, two One each wing tip

14 parachutes installed 2k.o T5 percent c VI
Slats extended, one Right wing tip

15 parachute installed 2k.0 75 percent c VI

CONFIDENTIAL
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TABIE IIT.— MASS CHARACTERISTICS AND INERTIA PARAMEQERS FOR VARTOUS LOADINGS POSSIBLE ON THE
CHANCE VOUGHT XFTU-1 AIRPLANE AND FOR THE LOADINGS OF THE 0.057—SCAIIE’ MODEL AS TUMBLE-TESTED
Ehd.el values are pregented in tarma of full-acale valuaa]
R, f'}\ -
| : . Alrplane
; relative . | Moments of inertia about
" Centemﬁ;ﬁ;ﬁjty density‘e | - -center of gravity Mags parameters
Welght | -~ = 1 (w) - |7 (slug-£t2)
flosding (1p) ] Ix — T Iy - Iy T I
‘ Sea [15,000] T T I -Iy y-Iz | Ipn-Ix
I/C—:\ Z/E level i’;et ] i . X Y 2 : ‘m'ba ’ m'b2 m’b2
Alrplane values
Noloadiflzrbat lll-,ll»85 0'163 ~0.003 9'86 15-6.8 13:265 23,6‘&6 36:12"9 -15% X 10"* —186 x 10'1‘ 340 x 10'4‘
Most rearward - - .
(7.?;2;293{; Gravity wa| 13,505 239 | .00k | "9.19 | 1h.61| 18,171 {23,950 |kL,M05 | 52 X 104|278 x 207 | 370 x 107
of normal)
Model values
© Normal 14,517 0.167 | —0.00k | 9.89| 15.72] 13,250 | 22,943 |35,021 |1k x 107+ | -179 x 107+ 323 x 0%
Center of gravity _ ' ] i o o
7.7 percent T rearward | 14,484 .2k =003 | 9.87| 15.68/ 13,250 | 23,810 |35,887 [~157 x 107" | =180 x 107" | 337 x 10+
of desired normal o
Center of gravity -
6-301?;':::11:; ;'earwa:rd 484|226 | -.003 | 9.86| 15.68 13,k37 25,122 |37,640 | 178 x 104 | 182 x 107+ | 360 x 1074

" {THGIS “ON WY VOVN
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®e’ee’ TABLE IV.— RESULTS OF LOMGITUDINAL TRIM TESTS OF THE 0,057-SCALE MODEL
eccses OF THE CHANCE VOUGHT XFU-1 ATRETANE
[ ] [ ]

[Center-of—gra.vity Jocation as indicated; slats and lpood. brakes as Indicated;
dynamic pressure q = 2.6 1bs per sq ft

Ago. : !luv;tor Center—of— . Predm
= o setting Sp"g" Slats lfc::;z angles of - Remarks
® (deg) percent x attack, o
“_30 Clomed Retracted N 16.3 ) . Oscillated betwesn ll
. and 25
—20 . B L 16.3 : Oscillated between 16
. . and 21
18 . 7. Y. I 16.3 - : 15 Oscillated mlightly
- ;15 o [, P — 16.3 B B 13 Oncilliated slightly
0 — 1.3 "
2 " eel@Ommme . 16.3’ C 6
) T 6.3 2
2 ---do---- | 16.3 4
10 e dOen. 16.3 -11
15 —e-d0---- 16.3 -13 o
20 R, P 16.3 - Oscillated betwesn ~12
. : ) and -18
30 o —dO——ie 16.3 ' ‘ Osciliated between 2
) and 27
o S T 16.3 ) 2
20 R 7 Y 16.3 - Oscillated between —5
and —-26
-30 - —Bo-- | FErtended 16.3" Omciliated between 1k
‘ and 26
) . --do-- --=d0-eun 16.3 -1
20 =wdOmm ~==80eeum 16.3 : Oscillated between ~8
s ) ] and P21
I 63 | a
Y. P, 16.3 0
Y 16.3 —15
RN PASS ‘ 26.3 32 ' ;
‘ 26.3 . 15, -2k
‘ 26.3 ) -35
LY. 7, W—— 26.3 ) 30
PR 7. T, 26.3 Oscillated between 13
and 19
° —elloee ST P 26.3 Oscillated between —6
and ~15
20 ’ --do-- ———do-mm= 26.3 o -3k
30 Closed |  Retracted . 26.3 =
- --d0-= Y 26.3 Oscilliated between 2k
0 ~-do-- ~~-d0---~ 26.3 W, a1
2 --do-~ RS0, 7. S 26.3 13, 11
20 —-d0-- -mad0mmmm 26.3 -0

- I OUNEIDERTHE. =TT
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° TABLE V.- TOMBLING CHARACTERISTICS OF THE 0.057-SCALE MODEL OF
ryr11}
® ¢ THE CHANCE VOUGHT XFTTU—1 ATRPLANE
o
o o
.: .. ' [Center—of—gravity location as indicated; tumnel airspeed was
oe o 168 £t per mec; full scale |
o
o e
Behavior of model
" Method of
Loading . Configuration 1aunching Stif:k Stick Stick
back neutral forward
Hormal | Positive initial :
center of gravity | Clean rotation D c, E D
16.7 percent © -
_________ e doeeeee— | Wegative initim1
""" do do ‘1 " rotation D E E
Center of gravity | _____ao . __ - Positive initial E B ¢
24 percent T : rotation
Negative initial :
: rotation . ¢ ¢ . F
Released from nose
up, simulated c - -
whip stall -
o Released from nome
, aa. L ao. - horizontal, simu— _ B
s v luted recovery -
from whip stall
) . Poaitive initial
........ P, [s PR Slats extended rotation A, F Cc, E o]
Negative initial
"""" do-mwoomn Rl ittt rotation ¢ e D
Releaged from nose
-------- @0mmmmeue | momeecdOmmemnan up, slmulated c - -
whip stall B
Released from nose ;
_____ 40— memem e horizontal, simw— | ‘lD _ _
- lated recovery -
from whip stall
Center of gravity Speed brakes. Positive initial - T c
24 percent © open - rotation
__________ I T ' Negative initial
T do do rotation C - -
Center of gravity Positive initial
22.6 percent T Slats extended rotation B, ¢C c -
------- =d0--mmua- Clean cememmme@Oem e ———— c, E c -

KXoy to behavior of model: vm

A — Continued to tumble. .

B - Stopped tumbling, dived with undamped oscillations in pitch,

C — Stopped tumbling, dived with damped oscillations in pltch.

D — Stopped tumbling, dived with no oscillations in pitch.

E — Stopped tumbling, went into a spin.

¥ — Stopped tumbling, dived with oscillationa in roll, pitch, and yaw.




TABLE VI,.-

EFFECTIVENESS OF PARACHUTES IN PRODUCING RECOVERY FROM ESTABLISEED TUMBLES

OF THE 0.057-SCALE MODEL OF THE CHANCE VOUGHT XFT7U-l AIRFLANE

Center of gravity located 24 percent T; elevators deflected full up; slats extended;
speed brakes closed; towline attached to wing tip, T5 percent c; tunnel alrapeed
168 feet per second, full scale; drag coefficient of parachutes approximately O. 68;
model launched with positive initial pitching rotation; recovery attempted by

opening parachutes as indicated

] . !
Diameter of | muy)ine length | Recovery Turns for recovery |
parachute (full scale) | attempted after parachutes Remarks
(££) . : :
! Opening two para—
8.3 25 "% chutes, one 11 After recovery from tumble, model
¢ : attached to ¥ i dived with no oscillatlons
each wing tip ' I
Sometimes parachutes would collapse
o in wing wake and reopen or
b4 13.6 | emmaee- d0mmmmmm e 1 %’ 112-, 1% " become entangled with tip fairings;
“a , 2 : sometimes model would go into a-
spin after recovery
. Opening parachute :
8.3 25 attached to ;’ 1 After recovery from tumble, model
‘right wing tip 2’ o _ went into a spin
: 1 After recovery from tumble, model
4.4 13.6 ------f-do --------- hr 1 went into a spin
.

0oc
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TABLE VII.— ACCELERATIONS IN A TUMBLE OF AN 0,057-8CALE MODEL OF THE CHANCE VOUGHT XF7U-1 AIRPLANE
Center—of—gravity located at 24 percent of the mean aerodynamic chord; slats extended; positive pitching rotation;
rate of descent approximatgly 200 fps; pllot's head located at r = 13.4 £t from the center of gravity;
. : " all values are approximate |
L -
| ' 1*I'emgremmal. acceler— Component of Camponent of
Tcentripetal acceler— ation due to acceleration acceleration | rotal result—
Time, t | Angle of attack « atlon due to rota- angular acceler— directed normal to ant accelera—
' (mec) : (2eg) tion about the center ation about the through long long exis of | tion of’ the
}’ of gravity a, center of: gravity 8y | axis of pilot a' pilot a" pilot's head a
(g units) (g wnits) (g units) (g units) (g units) |
’0.033 31 o 7.7 -0.2 -1.6 7.5 7.7
.098 18 7.4 -6 -2.0 7.1 7.4
.163 62 7.2 . =1,0 2.3 6.9 7.2
.228 78 6.5 -1.2 2.4 6.1 6.6
b .293 92 5.7 1.5 -2.6 5.3 5.9
.358 105 5.1 -1.6 -2.6 .7 5.3
A23 118 L0 " .8 -2.5 -3.6 L}
.488 128 3.5 -1.8 -2.5 —3.1 4,0 i
553 139 3.0 ~2.0 2.5 -2.6 3.6 ‘
.618 148 2.4 -2.0 2.5 . -1.9 3.0
.683 156 1.7 2.1 - 2.k -1,2 2,7
.TH8 164 1.2 2.0 2.2 -.8 2,4
813 172 .8 .8 .6 -1.0 1.1
878 77 .8 2,0 1.8 ~1.2 2,1
943 175 1.9 .8 ! 2,0 2,1
1.008 B —167 R 2.1 .6 2 —2,2 2,2 .
1,073 -158 2.2 T .3 -2.3 2.3
1,138 148 2.6 . 1.3 .8 -2.8 2.9
1.203 -138 5.4 1.9 -9 5.6 5.7
1,268 ~126 3.9 2.5 1.8 4.3 4,6
1.333 -112 10,6 3.0 .9 -11.1 1.1
1.398 -98 13.7 . 3.3 N -13.8 13.8
1.463 -83 9.3 2.1 .3 9.7 9.7
1.528 -66 9.2 .0 -1.8 9,0 9.2
1.593 -7 8.4 * -1.3 ~3.0 - ! -8.0 8.5
1,658 -29 7.9 -2,2 : 7.6 7.9
1.723 -1k 7.9 -2,0 i 1.6 7.9
: i

Walues cbtained from figure 8.
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Allavaror
hinge line

Quarter chord

 54.4% semj-span
NY &3

i

Feis_ ref line g

i

L

~ 2435

Figure i.- Three-view drawing of the 0.057-scale model of the Chance Vought
XFTU-1 airplane as tested in the free-spinning tunnel (center-of-gravity
location shown is for normal loading).



Figure 2.
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CONFIDENTIAL

A 0.057=-scale model of the Chance Vought XF7U-1 airplane as tested in the Langley 20-foot
free-spinning tunnel in the clean configuration.
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Figure 3.-

A 0.057-scale model of the Chance Vought XF7U~-1 airplane as tested in the Langley 20-foot
free-spinning tunnel with slats extended.
CONFIDENTIAL
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Figure 4.-

A 0.Q567-scale model of the Chance Vought XF7U~1 airplane as
free-spinning tunnel with speed brakes open.
CONFIDENTIAL
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STRINGS. RUN INTO CONTROL
. . RODM WHERE OPERATOR CAN
FORCE MODEL OUT OF TRIM

WING-TIP-EXTENSION ERACKET

A
/

RIG SUPPORT

DIRECTION
OF WIND

~ Figure 5.- Sketch -showihg the 0.057-scale model of the Chance Vought XF7U~-1 airplane mounted on the trim
test rig in the 20-foot free-spinning tunnel. Model shown in the clean condition.

- $TA8TS ON INY VOVN



Balance support

Direction |
of wind

Figure 6.- Sketch showing model mounted on the strain-gage balance in the Langley 20-foot free-~
spinning tunnel.
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Horizontal Displacement, ft
200 /60 /20 80 40

TRAJECTORIES OF:
CENTER OF GRAVITY.
PILOTS HEAD
NOSE
TAIL

NOTE : 5
THE INTERVAL OF TIME f-
BETWEEN FACH POSIT/ON
/S 0.065 SECOND.

120

2 5 3

44 fuswaydsiq  [pIILAFN

™
e
S

1320

-360

400

Figure 7.- Path of motion of the Chance Vought XF7U-1 airplane obtained
from model data during a tumble., Center of gravity 24 percent mean

aerodynamic chord. Slats extended; elevators full up,

»
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¥ (= 13.4) feet from the center of gravity, during a tumble of the 0.057-scale model of the Chance

Vought XPFT7U-1 airplane.

Figure 8,- Graphical determination of components of acceleration of pilot’s head, which is located at
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Figure 9.~ Aerodynamic characteristics of the 0.057-scale model of the Chance Vought XF7U~1 airplane,
Elevator deflection as indicated, Center of gravity located 16.3 percent mean aerodynamic chord; clean

condition; ¥ = 0°,
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Figure 10.- Aerodynamic characteristics of the 0.057-scale model of the Chance Vought XF7U-1 airplane,
Elevator deflection, -30°; slats as indicated; center of gravity located 22.6 percent mean aerodynamic

chord; = 0°,  von—
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Figure 11,~

P1tching-moment cha.racteristics for an 0.057-scale model of the Chance Vo;§ht XF'7U -1 airplane,

Center-of-gravity location and configuration as indicated; 6o = ~30°
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Figure 12.- Compa.rlson of pitching-moment data for three scale models of the Chance Vought XF7U-1
airplane, Reynolds number as indicated; center of gravity located 20 percent T; clean condition;

be = 0. U
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Figure 13.- Comparison of pitching-moment characteristics of the 0.05'7'-scale
model with an 0,145-scale model of the Chance Vought X¥7U-1 airplane.

CONFIDENTIAL




Figure 14.—' Tumble of the 0.057 scale modél of the XFTU -1. airplane. Center of gravity located at 24 percent
of the meanvaerqdy'namic chord; slats extended; elevators deflected full up; launched with positive pitching

-rotation.
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