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RESEARCH MEMORANDUM

TIME~-HISTORY DATA OF MANEUVERS PERFOEMED BY A MCDONRELL
F2oH-2 ATRPLANE DURING SQUADRON OPERATIONAL TRAINING

By Carl R. Huss, William H. Andrews, and Harold A. Hamer
SUMMARY

Preliminary results of one phase of a control-motion study program
are presented in time~history form and are summarized as plots of load
factors and angular accelerations agalnst indicated airspeed. The results
were obtained from 276_maneuvers performed by a McDonnell F2H-2 jet .
fighter airplane during normal sqﬁhdron operational training. Most of
the tactical maneuvers that the F2H-2 slrplane is capeble of performing
are included in the data. The maneuvers were performed &t pressure alti-|
tudes of O to 40,000 feet and at indicated airspeeds of 75 to 500 knots.

INTRODUCTION

The present methods of determining tail-surface design loads require,
emong other things, a knowledge of the control-surface motion. Tn the
usual methods, control-surface motions or load-factor variations with
time are specified so as to obtaln maximum design loads; however, the
actual control motions end load-factor variations obtained in regular
operational flying may differ apprecisbly from the specified veriations. -

In order to obtain information on the actual control motions used
in £iight the National Advisory Committee for Aeronautics in cooperatlon
with the Bureau of Aerongutics, Department of the Navy, and the U, S. Air
Force is conducting a control-motlon study program. This program is
directed toward obtaining sample measurements on several fighter-type
alrplanes of rates, amounts, and combinstions of control motions used by
service pilots in carrying out regular operational training missions.
From the results obtained from this progrem it mey be possible to specify
a more practical design criterion for tall~surface loads based on the
actual critical control-surface motions. In &ddition, information may
be obtained which could be useful in the design of airplane control boost
systems. Reference 1 was the first report of dasta obtained from this
program. ' -
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This paper includes date in time-history form of maneuvers obtained
by an F2H-2 ailrplane whilé performing regulariy scheduled operational
training missions. In order to make the data included in the time his-
tories immediately available, only a minor amalysis of the data is
included in this paper.’ '

TEST - AIRPLANE

A standard United States Marine Corps McDonnell F2H-2 airplane,
BulAer serial number 123256, was used for these tests. The F2H-2 airplane
is a single-place, straight-wing, two-engine carrier- or land-based, Jet-
propelled fighter. It is powered by two Westinghouse J-34-WE-3k4 turbojet
axial-flow engines mounted, one on either side of the fuselage, in the
wing center section. It has speed brakes located in the upper and lower
wing surfaces inboard of the aileron and Just ahead of the partial-span
flaps. These speed brekes consist of perforated rectangular plates which
are extended vertically from the wing surfaces and are either in the
"out" or "in" position. A hydraulic boost system was incorporated in the
alleron control system. =~ '

The externsl sppearance of the test airplane was unsltered by the
NACA instrumentation except for the installation of a boom mounted in
the nose of the airplane, used for measuring the sideslip angle, and a
small electrical control-position transmitter mounted externslly on the
right-wing lower surface. A three-view drawing of the FZH-2 girplane is
presented in figure 1 and its pertinent physical cheraecteristics are
given in table I.

INSTRUMENTS

Standard NACA photographically recording instruments were used to
measure (1) the quantities defining the flight conditions; that is, air-

speed, altitude, and speed-brake position, (2) the control-surface motions,

and (3) the response of the alrplene in terms of angular velocities, load
factors, and sideslip angle. The recorders were synchronized at l-second
intervals by means of a common timing circuit.

In order to relieve the pilot ofaany recording-Iinstrument swltching
procedure snd thus assist in obtaining normal operations, & pressure
switch was used to automatically turn on the recording instruments at an
indicated airspeed of approximately 80 knots. All recorders were mounted
in the nose section with the exception of the angular-velocity recorders
which were located in the aft radio compartment.

BRI TR R R WA N
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A standard two-cell pressure recorder connected to the airplane
service system was used to measure the altitude and airsPeed The
service system employs a total-pressure tube located on the leading edge

of the vertical teill and flush static-pressure orifices on both sides of
the fuselage below the windshield. (See fig. 1.)

A microswitch was used.on the right speed breke to indicate the "in"
or "out" position of this surface. The control-surface angles were meas-
ured by a control-position recorder having remote recording electrical
transmitters Installed at the control surface. The elevator and rudder
transmitters were installed insilde the taill fairing to take meksurements
in the vicinity of the inner hinge. Aileron deflectiions were obtained
with a transmitter.located externally st approximately the aileron midspan.

Angular veloclties were recorded about three mutually perpendicular
axes in which the X-axis 1s parallel to the fuselage reference line. (see
fig. 1.) Loed factors along these three axes were recorded by an air-damped -
three-component accelerometer located in the fuselage T76.5 inches forward,
14 inches to the right, and 10 inches above the aversge flight center-
of-gravity location (26.5 percent of the wing mean serodynamic chord).

The sideslip angle was measured by a flow dlrectional recorder using
a vane mounted on a boom 6 feet shead of the fuselage nose. The boom was
mounted in the left cannon port nesrest the airplane center line. (See
fig. 1.)

The estimasted accuracies based on the instrument accuracy and a
reading accuracy of 0.0l inch are as follows:

Indicated airspeed, V4, knmots . . . . . o ¢« ¢ o ¢« ¢ ¢ ¢ o o o 0 . 5
Pregsure altitude, Hp, ft . . . . ¢« ¢ ¢ v ¢ ¢ ¢« 0 ¢ o o v o o . . 0
Control position, EE & « « o ¢ « o o ¢ o o & 8 e e 4 s e e s 0.5
Normal load factor . . . . . . e e s s e s e e e e ... FTO,05

Longitudinal and transverse load factor 0 0 2]
Rolling angular velocity, radians per second . « « « « « « « . . *0.10
Pitching and yawing angular veloclty, radians per second . . . . 0.02
Sildeslip angle, deg « e 8 8 ® s & a s & 8 e * e a s s 8+ s e u 0.3

All the recording instruments were damped to sbout 0.65 of critical
damping at sea level. The natural frequency of the elements in the three-
component accelerometer was selected to give the best compromise value
which would minimize the magnitudes of extraneous vibratory accelerstions
and still give correct response to the meneuver accelerations.

In order to expedite the presentation of time-history results all the
instruments were adjusted to specified sensitivitles and the film drums
were selected so that they ran at the seme constant speed. Thus in many
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cases 1t was possible to trace the record lines directly on Special grid
paper with the exception of the alrspeed and altitude which had to be
plotted. Those records on which either the film speed had deviated from |
the selected standerd or in which it was desired to change the sensi-
tivity for better presentation of the data were processed on & newly
developed entarger. The enlarger effectively enabled the time scale or
longitudinal dimension of the film snd the scale or vertical dimension
of the film to be elther increased or décrehsed independently of each
other_so that the film record could be adjusted to f£it accurately the
scale of the grid paper. It 1s believed that this method has permitted
a detailed, accurate, and rapid reproduction of the film records in time-
history form.

P T

RN IOCE U T RO Y oY T

TESTS

The tests consisted of 18 normal squadron operstional training
missions carried out during the months of February to April 1951. Included
in thege 18 flights were acrobatic, gunnery, bombing, snd pilot familiar-
ization missions. The maneuvers obtained from these missions were per- e
formed st altitudes from O to 40,000 feet and at airspeeds,from 75 to
500 knots and included such maneuvers as turns, dives and pull-outs, pull-
ups, slow rolls, barrel rolls, loops, Immelmans, lazy eights, Cuban eights,
wing-cvers, and stalls.

The test airplane normally is equipped with wing-tip tanks; however,
all the msmneuvers reported were performed with the wing-tip tanks empty.

Enough fi1lm was carried during each flight to allow 80 minutes of
flight +time to be recorded. This was usually sufficient time toc record
the complete flight., Tn this program 17.5 hours of flight time were
recorded of which 2.5 hours are presented.in this paper &8 maneuvers in e
time-history form.

Twelve pilots flew the test alrplane during the course o2 this program.

No pilot accounted for. more than 10 percent of the total flight time. In
an effort to obtain records which would céntain representative samples of
normal piloting technique in the performance of the maneuvers, the pllots
were assured that the instrumentstion would not restrict them as to type

of maneuver, manner of control manipulation, or severity of maneuvering.

It is also of interest to note that during these tests all of the pilots
wore antigravity suits.



- -..TF\

<’T-

NACA RM L52B29 _ dlmeass B 5
METHODS AND RESULTS

The results of this flight program are presented in figures 2 to
282, All the meneuvers performed during the 18 flights plus 3 landings
are presented 1In figures 2 to 277 as time historles of the measured
quantities. The three landings include a short portion of the landing
approach prior to and including main-gear touch-~down and were made by
three different pllots. The time histories are srrenged in this peper
according to meneuver classificatlon as given in table IT. Included in
the legends of these figureg is the classification of the type of maneu-
ver, estimated airplane welght, and estimated flight center-of-gravity
Jocation. The classification of the maneuvers was, of necessity, done
in a general sense as it was sometimes difficult to determine from the
flight records exactly the type of meneuver performed. However, it was
comparatively simple to determine when the airplane was+ maneuvering,
since in normael steady flight the record traces were fairly stralght
lines on or near the trim or zero position for the partlicular trace and
during e maneuver the traces would, of course, vary from their trim or
zero position. Some of the standard maneuvers are Interpreted in refer-
ences 2 and 3. The in-flight airplane weight and center-of-gravity loca-
tion were estimated on the basis of the total amount of fuel used and
the time of the f£flight including warm-up and texying.

In these time histories the airspeed is indicated alrspeed, defined
as the reading of a differential-pressure ailrspeed .indicator, calibrated
in accordance with the accepted standard adisbatic formula to indicsate
true airspeed for standard ses-level conditions ohly (uncorrected for
instrument and instellation errors), and the altitude is the NACA.standard
pressure altitude. The control-position curves shown were measured with
respect to their neutral position. Only the right aileron position was
megsured. It will be noted in figures 275 to 277 that the rudder trace-
has been dotted to avoid confusion with other traces. The position of
the speed brakes- is Indicated on the time historles by the dash line
and the words "brakes ocut."

In these figures load factors assoclated with forces acting up, for-
ward, and to the left are positive. Nose up, nose right, asnd right wing
down are positive for the pitching, yawlng, and rolling angular wvelocities
which are given in radisns per second. No angular-velocity or angular-
acceleration corrections to the recorded load factors, due to the dis-
placement of the accelercmeter from the center of gravity, have been made
in these time histories. '

The sideslip angle Indicates the lateral angle between the airplane

" longitudinal axis and the relative wind.
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. A comparison between the maximum normal load factors obtained in O
these tests and the operational V-n dilagram is presented in figure 278. H
The V-n envelopes shown in this figure &s solid and dashed lines sre the v
operational limitations for the test airplane at a gross weight of b
16,400 pounds as specified by the Bureau of Aeronsutics. The maximum
normal load factors in fifure 278 were taken directly from the time his- _ ~
tories and are plotted without any angular-velocity or angular-scceleration B
corrections because such corrections were found to be small. Since the .
average flight weight of the airplane during this progrem was approxi-
mately 16,100 pounds, the values have been plotted without being corrected
for weight. Only selected values of maximum normal load factor have been
plotted to demonstrate to what extent the operational limit envelopes
for altitude, airspeed, and normal load factor were cbtained.

The meximum transverse load factors and corresponding indicated
airspeeds are presented in figure 279. Because of the large number of
transverse load factors available from the time histories, ornly the
velues asbove the arbitrary lower limit of 0.05 are shown. All the points
given in this figure have been corrected for rolling and yawing angulsar
velocity end angular acceleration.

The maximum pitching-, rolling-, and yawing-angular-acceleration
variations with indicated airspeed are shown in figures 280, 281, and
282, respectively. The values of acceleration were obtained from the
maximum slope of the appropriate angular-velocity curve in the time his-
tories. As 1n the case of transverse load factor, only the values above
some arbitrary limit are presented. - These limits were 0.1 radian per
second per second for pitch and yaw and 0.5 radian per second per second
for roll,

DISCUSSION

The results of this investigation, as shown in figure 278, indicate
that the present sampling of maneuvers includes, for the positive-load-
factor region, the operational capabilities of the F2H-2 ailrplane.
Although this investigation was limited to a few hours of actual flying
time, the data obtalned represent a c¢ross section of the maneuvers per-
formed during operational training and include most of the tactical maneu-
vers used by the test airplane. '

Exemination of the tlme histories indicates thet usually the higher
positive normal load factors were associlated with pull-up or pitching P
types of maneuvers. In this program the highest positive value of
normel load factor, 6.2, was obtained during an abrupt left turn.

(See fig. 53.) The other high values between 5 and 5.5 occurred in
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pull-outs and pull-ups during dives, loops, Immelmans, and Cuban elghts.
(See figs. 140, 151, 230, 245, 253, 258, and 272.) The largest negative .
normal load factors, -0.5, were a@ssoclated with rolling maneuvers, usually
a slow roll. (See figs. 151 and 166.) . '

It is evident from the maximum values of normel load factor obtained
that the maximum operational value of normel load factor, 6.k, was not
exceeded during these tests; furthermore, figure 278 indicates that at
no time during these tests were the operatlonsl limits for combinations
of load factor, airspeed, and altitude -exceeded.

The maximum values of transverse load factor shown on the time
histories are -0.26 (fig. 51) and -0.22 (fig. 53). However, when the
angular-velocity and engular-scceleration corrections are added to these
values, the meximum transverse load factors become -0.34 and -0.29. Both

" of these maximum values occurred during abrupt left turns. Examination

of figure 279 1ndicates that the value of meximm transverse load factor
was usually between 10.1.

Longitudinal load factors were usually small. The largest deflection
of the longltudinsl-load-factor trace was a deceleration caused by the
extension of the speed braskes. This speed-brake effect amounted to about
0.4 at 400 knots and 12,000 feet altitude. (See fig. 2T7h.)

As would be expected, the largest rates and amounts of elevator
movement occur during laendings and maneuvers that necessitated pull-ups,
such as Immelmsn, loop, entry into a stell, and recovery from dives.

The largest positive elevator movement occurred in pull-ups, Immelmans,
pull-outs, stall, loops, and landings. (See figs. 68, 93, 152, 245, 248,
251, 253, 273, and 277.) The greatest negative elevator movement occurred
in push-overs, stalls, and landings. (See figs. 106, 273, and 277.)
Greater negative rates of elevator movement were obtained than positive
rates. (See figs. 106 and 273.)

The largest pltching accelerations obtained in these tests occurred
at sbout 300 knots (fig. 280) and decreased above and below this-airspeed.
The greatest negative pltching acceleration, -l.4 radians per second per
second, occurred during a recovery from s pull-up.(fig. 83) and was sbout
twice as large as the ‘greatest positive pltching acceleration which
occurred during an abrupt left turn. (See fig. 49.) This maximum value
is ebout half of the value obtained for an airplane weight of 16,000 pounds
from the envelope of maximum pitching acceleraticns given in reference k.

The largest ailleron displacement and rates of movement occurred
during rolling maneuvers. An estimate of the magnitude of aileron rates

end movements can be obtained from the time histories, such as figures 52,
152, 155, 197, 200, 228, 242, 254, and 256.

oy —T N
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The meximum rolling eccelerations obtained in these tests occurred
at about 325 knots (fig. 281) and decreased above and below this air-
speed. The meximum values occurred during an abrupt left twrn (fig. 52)
and amounted to L4.72 and -5.8 radisns per second per second.

The msximum rolling veloclty recorded in these tests occurred during
slow rolls (figs. 155 and 157) and amounted to 1.7 redians per second at
an altitude of sbout 10,000 feet and an indiceted airspeed of about
300 knots. This value is less than the maximum obtainable rolling veloc-
ity of 2.5 radlans per second at an altitude of 10,000 feet and an Indi-
cated sirspeed of 310 knots as given in unpublished data for a McDonnell
FP2H-1 airplane. _ . .

In general, little rudder movement was used in any of the maneuvers.
The greatest amount of rudder movement occurred in landings, stalls,
rolls, split-S, and Immelmsn maneuvers. (See figs. 276, 251, 273, 154,
202, 203, 217, 226, 2k2, 253, 255, and 254.) The time histories show
that these maximum rudder movenents are usually assoclated with high
yawing velocities, large sideslip angles, and large alleron movements.
This result 1s to be expected since the rudder and aileron movements are
usually coordinated. -

The meximum yawing accelerations in these tests, as shown in fig-
ure 282 occurred at about 325 knots and decreased above and below this
airspeed These maximum values occurred during abrupt left turns (see
figs. 51 and 53) and amounted to about -0.6 and 0.5 radian per second
per second.

Langley Aeronsutical Lsboratory
Natlonel Advisory Committee for Aeronautics
Langley Field, Va.

LY
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TABLE I

PHYSICAL CHARACTERISTICS OF TEST ATRPLANE

Wing:
Total area (including flaps, ailercns, and 33.3 sq £t covered
by fuselage), sq ft . . . . S T =L L
Span (horizontal with tip tanks), in, .. .
Span (horizontal without tip tanks), in. e e e e e e e s . . 500.8

Aspect ratioc . . . . e e e e e e e e e e e e e e e e . 5.89
Taper ratio (Ctip/croot) e o N 721
Mean serodynemic chord (at wing station 111.0 measured normal

to airplane center line), inm. . . « ¢« + + ¢« & ¢ .« . . . . . 88.37
Sweepback (leading edge), d€g . + « « « ¢ ¢ o« ¢ s s s o ¢« s 4 . .« O
Sweepforward (0.25-chord line), deg . « « + + « = « « & . k.33

Root airfoll section « « « « « 4 o o o o o o s o o « o & HACA 65, -212
Tip airfoll sectidn « & o & & o o « o o 4 + o« « « » » - NACA 63-209
Incidence of root section chord (measured fram.fuselage

reference 1ine), deg . « i « « « o o s 2 ¢ s e e s o o . 0.5
Incidence of tip section chord (measured from fuselage '

reference line), deg . . . . . ou e e e e e e e e -0.5
Dihedral (measured from wing reference plane), deg . |
Aileron area (one), 8G £H « « v o « o ¢ & 4 4« e 0 .. G.H2
Aileron spen, M. "« « + & o & + 4 o o s o o o o s « o .« . . 884
Aileron root-mean-square chord, 1. . . + « + « o o o <+ « o 3 15,42

Aileron static control limits; deg . . . . « e e e e . 20
Dive brakes (total area including cut-outs), sq ft e .. 11,6
Distance from nose to leadling edge of mean aerodynamic

chord, in. e e e s e e e e e m e e e e e e s e e e e 197

Horizontael tail:
Total area (including 17.66 sq ft of elevator), sg £L .. 69.8
SPAN, IM. « v ¢ o v 4 4 e e @ e e e e e e e e e e e .. 22b.7

Aspect ratlo . v L i i vl e h e e e e T T e s e e 4,65
Taper ratio . . . e 0.603
Mean aerodynamic . chord (horizontal tail station h9 63 measured
normal to airplane center line), in. T ' S
Airfoil sectlon . . =+ . ¢+ 4+ « o o o« o« . . NACA 65(10)-011
Tricidence (measured from fuselage reference line), deg . . . . 0.42
Dihedral, deg . . . . . e e . e e e ¢ v e e e s e s 0

Tall length (leading edge of wing mean aerodynamic chord to

25 percent of mean. aerodynamic chord of horizontal tail),

in. .« « . . . . e s e s e u s . e e e s e . 225,84
Elevator area (including 0. 523 sq £t of horn area, 0. 758 sq £t

of trim-tab area, and 1.426 sq £t of spring-tab area) (one),

=T T i e~ S

s A
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TABLE T

PHYSICAL CHARACTERISTICS OF TEST AIRPLANE - Contlnued

Elevator span (one), in. P ). 3
Elevator root-mean-squere chord, in. . . . « « « « « « » « . 13.65
Elevator static control limits, deg . « « & & ¢ ¢ o &« o« o « & 115

Vertical tall:

Total area (including 1.63 sq ft of dorsal area) sq £t . . . . L0.5
SPAN, IN: 4 « o + o« o % 4 & o s « 4 4 s e o s 4 e e e ... 86.0
Aspect T8tio «ve ¢« 4 o 4 e e o 0 o 4 .0 } T G
Taper ratio . . . ; . . . . . e e -« . . 0,453
Mean asercdynamic chord (at water line 98 59 parallel to air-

plane reference line), in. . « o o 4 o o = o « o« v o« . 67.25
Birfoil SeCtiOn « v v o & 4 o o o « o o « = o « « . JNACA 65(10)-011

Tall length (leading edge of wing mean serodynamic chord to

25 percent of mean aerodynamic chord of vertical tail), in.. 227.46
Rudder aref, 8@ £ « « o « o« o o o o « o « o o« o o « o « « o « 10.13
Rudder Spamf, M. .+ o« « o « o o« = « o &+ o o« s = « + & =« « « . 86.0
Rudder root-mean-square chord, im. . « « « « « =« « « « « « o 17.2
Rudder static control limits, deg . . « « ¢ ¢« « ¢ ¢ o = « « 20

Fuselage: i ’ : ) _
Total length (not iLcluding nose boom), in. . . . . . . . . . 481.8
Maximum width, in. . e s e e e . .. k69
Height (vertical tail gbove static ground line) in. e « « . 173.5%

Frontal area (including 2. 535 8q ft of canopy'frontal area gbove
fuselage), sq £t v & ¢ v ¢ « 4 4 o & 4 s s s« e o . o« . . 18.185

Side area (including T7.43 sq ft 6f cenopy side area sbove fuse-
lage), S Tt ¢ o « o ¢ ¢ ¢ 4 4 4 4 e s e e e e e e e a . . . 158.93

Plen ares, 8 £t « ¢« v « ¢« « o o o o o « o = o« « + « &« « « . 116.8

Tip tenks: : :
Frontal area, 8G £t . - v = v ¢ o = o & o o & o « « « o« « « 3.30
Fineness ratio . . & ¢ v ¢ & « « ¢ 4 4« 4 e 2 s e« s 4 « 4 . T.398
Capacity, g8l .« ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢« ¢ o o o o o & s o o s o« o =« o 200

Power plant {(two) . . . ¢« « « ¢« « « « « « . « Westinghouse J-34-WE-3k4

Airplane weight (includes 2 cannons, no ammunition, instruments,
210 1b. pilot with parechute, fuel in all tanks except wing-tip
tanks, and ballast), 1D . . & & ¢ & ¢ ¢« 4 o e e e e 0 e . . 17,944

Alrplene center-of-gravity position corresponding to the airplane-
weight of 17,944 1b and with gear down, percent wing mean aero-
Aynamic CHOTA + « o o 4 & o o o o o o e e e e s e e e e .. 26,59

«Js— NACA,~
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TABLE I
PHYSICAL CHARACTERISTICS OF TEST.AIRPLANE - Concluded

Airplane center-of-gravity position corresponding to the sirplane
weight of 17,944 1b and with gear up, percent wing meen aero-
dynemic chord o ¢ ¢ 4 ¢ '« oo o o o o o o s o8 i e . . . 26,80

Airplane weight (average flight weight), 1b . . . . . . . . . . 16,145

Airplane center-of-gravity locatlon corresponding to average alr-
plane flight weight (clean condition}, percent wing mean aero-
dynamic chOTA v v v v ¢ v ¢ v & o o s o o & s 4 4 s 0 s e .. 2647

Estimated moments of inertia (wing-tip tanks on but empty), slug/ft2:

I . 0 e e e i e h e et e e e e e e e e e .« « .+ . . . 18,982
= =15 5}
T S - N Y ¢
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TABLE IT
MANEUVER CLASSTFICATION AND ARRANGEMENT

Figures
Maneuver clasgsification:

Right turns . . . 2 to 18

Left BUrns o+ o ¢« e ¢« o ¢ o ¢ o-a s o o s ¢ o @ P 19 to 53
Serics OFf LUTHS o « v o « o « o o o o s o o o o o « « « « 54 to 67
PULL-UDPS & o o « = o o a = o = « s« o s s o s o o« « o « « 68 to 103
Push-OVEY « « v + ¢ o o « G e e e s e s s e e e e « o« 10Ok to 106
Pull-up push-over combination et e s e e s e e e s e« 107 to 108
Dives with various recoveri€s .« « o « « « « « o « o « « « 109 to 153
Right S1OW TOILE o « « « « s o o o o s s o « o « o « « « 15k to 167
Left slow rolls .. e e 4 s e e e e s e e s e s e s e s . 168 to 201
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Figure 3.- Gentle right climbing turn; sirplane weight, 16,470 pounds;

center-of-gravity location, 26.5 percent of the mean serodynamic

chard. -
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Figure 5.- Gentle right climbing turn; airplane we,_j_g_ht,- 17, 680 pounds;

center-of-gravity location, 26.T7 percent of the mean aerodynamic

chord.
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Figure 13.- Right turn; airplane weight, 16,820 pounds; center-of-gravity

location, 26.6 percent of the mean aerodynamic chord.
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Figure 16,.- Right turn; airplene weight, 15,210 pounds; center-of-gravity

location, 26.3 percent of the mean serodynamic chord.
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Figure 19.- Gentle left turn; sirplane weight, 16,470 pounds; center-of-

gravity locetion, 26.5 percent of the mean aserodynamic chord.



NACA RM L52B2¢

34

A R

i ~ ¥ » _ J L]
. Bop* Jogong w
o Wiy op ‘oyssod (0400 N pboT ey
o 20j08313 uasa(D Jybiy Kyoopea sonbuy
x dn wsog  dn umoQ oW Pid MDA
oM~ 0 M NONY NOTOTON W ¢ N O T NONFTNO
- T : r _ _ _ T e
i _ 1]
1 | .t - _ 4| \
Pl _ +H
AESERRNRNRNN O
! | 1 M -
o
kg
!
|
O
N
o)
o g - -
-3 » o—-E & g
-— (Y o.ll.lum 1/ - o . @ = — E 3 [=]
ump s ¢ M m .Lu....wlu..w . mal .M \\.D..lv. y Ollem e
. Yig © I ST o o
! g : :
1o 0
Lod X 2 . [ 1 (o)
W MmN OO T O @ & O ¥ ®© Nod| N-O+& OTNONTW®OO
Wby ey : 1104 o wbiy
sjouy‘ !z 18ppny IPupAybu0] asJansuDL Bop ‘albup dysepis
Bap ‘uoysod 104904 9as/suDip
jo4uo) poo ‘Aj1o0jan Jojnbuy

Time, sec

Figure 20.; Gentle left climbing turn; airplane welight, 17,200 pounds;

center-of-gravity location, 26.6 percent of the mean serodynamic

chord.
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Figure 21.- Gentle left climbing turn; airplane weight, 16,060 pounds;

center- of-gravi‘by location, 26.5 percent of the mesn aerodynamic
chord.
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Figure 22,- Gentle left turn; seirplane weight, 13,420 pounds; center-of-

gravity location, 26.0 percent of the mean aerodynamic chord.
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'Figure 23.- Gentle left climbing turn; airplane weight, 15,620 pounds;

center-~of-gravity location, 26.4 percent of the mean aerodynamic -

chord.
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center-of-gravity location, 26.5 percent of the mean aerodynamic

Figure 24,- Gentle left climbing turn; ailrplene weight s 16,170 pounds;
chord.
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center-of-gravity location, 26.5 percent.of the mesn serodynamic

Figure 25.- Gentle left diving turn; airplane weight, 16,070 pounds
chord.,
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Figure 26.- Left diving turn; sirplane weight, 16,830 pounds; center-of-

gravity location, 26.6 percent of the mean aerodynamic chord.
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Figure 27.- Left turn; eirplane welght, 18,720 pounds; center-of-gravity

location, 26.2 percent of the mean serodynsmic chord.
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; alrplane weight, 15,650 pounds; center-

.5 percent of the mean serodynamic chord.

Figure 28.- ILeft climbing turn
of-gravity location, 26
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Figure 29.- ILeft diving turn; airplane weight, 16,700 pounds; center-of-
gravity location, 26.6 percent of the mesn serodynemic chord.
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Figure 30.- Left turn; airplane weight, 16,460 pounds; center-of-gravity

location, 26.5 percent of the mean aerodynamic chord.
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Figure 31.- Left turn; alrplane weight, 16,930 pounds; center-of-gravity
location, 26.6 percent of the mean aerodynamic chord.
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location, 26.6 percent of the mean serodynamic chord.

Pigure 32.- Left turn; airplane welght, 16,660 pounds; center-of-gravity
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Figure 33.- Left climbing turn; airplane weight, 16,210 pounds; center-

of-gravity location, 26.5 percent of the mesn aerodynsmic chord.
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Figure 34.- ILeft climbing turn; airplane weight, 15,230 pounds; center-

of-gravity location, 26.3 percent of the mean aerodynamic chord.
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Figure 35.- Left climbing turn; airplene weight, 17,040 pounds; center-
of-gravity location, 26.6 percent of the mean serodynamic chord.
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location, 26.0 percent of the mesn aerodynamic chord.

Figure 36.- Left turn; airplane weight, 18,980 pounds; center-of-gravity
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Figure 37.- Left turn; airplane weilght, 15,950 pounds; center-of-gravity

location, 26,5 percent of the meen serodynamic chord.
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Figure 38.- Left diving turn; airplane weight, 16,670 pounds; center-of-
gravity location, 26.6 percent of the meen aserodynamic chord.
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Figure 39.- ILeft climbing turn; slrplsne weight, 17,070 pounds; center-

of-gravity location, 26.6 percent of the mean serodynsmic chord.
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of-gravity location, 26.3 percent of the mean aerodynamic chord,

Figure L40O.- I&ft climbing turm; airplene weilght, 14,980 pounds; center-
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Figure 41,- Left turn;
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location, 26.3 percent of the mean aerodynamic chord.

Figure k2.- Left turn; airplene weight, 15,240 pounds; center-of-gravity
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Flgure 43.- Left turn; airplane weight, 16,170 pounds; center-of-gravity

location, 26.6 percent of the mean serodynamic chord.



NACA RM L52B29

58

4'dy Bop ‘uoysod auoy) 404004 295/5UDIP0Y
= sojonar3 uosoH0 {ubey pooy “Kiopn Jombuy
= dn uwwoq dn umo( JouLioN Pl MDA
T+ ~n O NONY NOTOTON © ¢ N O TNONTNO
] ] | I . ] | I TITT %
t ! 1 1 T
I .
" i
_ "_ Eo
f H
_ r ]
L
| ! o |
(%]
@
e,
3 >
AN £ o z
S e S SHHEEHH S = 3
AT e _u..m, 3 2 5 s els PITIYS & 8
TN NN T & 2 o
I - w
i ) ) S
i
N A \
h [{
& Q
N
mm
i ™ W oo ® @ & O ¥ @ NO N-070 OCNOWNTO Bmmu
. Wby W oM W b1y
sjouy ¢ Ip sppny [ouipn}Buo asiansund ] Bap “‘obup dysepig
Bap ‘uoiisod 40J0D4 035/SUDIPOM
loauon poo ‘oA Jojnbuy

Time, sec
location, 26.1 percent of the mean aerodynamic chord.

Figure 44,- Ieft turn; airplane weight,” 14,080 pounds; center-of-gravity
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Figure 45.- ILeft climbing turn; airplane weight, 16,570 pounds; center-

of-grevity location, 26.5 percent of the mean aserodynsmic chord.
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Figure 46.- Ieft climbing turn; airplame weight, 16,720 pdu.ﬁds; center-

of-gravity location., 26.6 percent of the mean aerodynamic chord.
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Figure 47.- Abrupt left turn; sirplane weighf, 14,430 pounds; center-of-

gravity locetion, 26.2 percent of the mean serodynemic chord.
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Figure 49.- Abrupt left turn; airplane weight, 15,140 pounds; center-of-

gravity location, 26.3 percent of the mean serodymamic chord.
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Figure 51.- Abrupt left turn
gravity location, 26
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Figure 52.- Abrupt left turm; eirplane weight, 13,320 pounds; center-of-

gravity location, 26.0 percent of the mean aerodynamic chord.
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Figure 53.- Abrupt left turn; eirplane weight, 13,750 pounds; center-of-

gravity location, 26.1 percent of the mean serodynamic chord.
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Figure 57.- Series of turns; sirplsne weight, 15,830 pounds; center-of-

gravity location, 26.% percent of the mean serodynamic chord.



NACA RM L52B29

T2

1 » » 1
i
o 'y Bep ‘uoysod joyuon) 103004 09%/SUDIPDI
o 0/0ASY3 ucz 1y © poo] : “KpoopA sopnbuy
x dn uwog dn umog ~ [owbN Wild ~ Mop
B2 P O doNY NOTOTON © ¢ N O TNONTNON
! ] ERER IRRE R ] HIN T IERARERN %
: ! RERNAED T ' T
+l
: |
He
]
|
A
(
4 J ] \ }
TS f 8
L 9
5 g H [ \- g
L O i ) S .m o m = ) m
Q .u:l.* =) 4 P 3 E. > olls W a
L = LI}3 o« 2 = 54 - o > NS
4 | < 2N o Y o
3 o) - < B
i 1y y, W (7
M ( = 0
| A1 - A \ -1 =
h \ /[ 1
4 \ ~ { I~y ™~
Lt y 4
1 \ = HPH T
4
A
o] \ |
x \ o
O O Mmoo BSOS o © ¢ O ¥ ® dOoW N-—O+~d OFNONTWO®O
_ oy uan 1oy e oIy
sjouy*!a 1ppny IoupryBuoy 3s43ASUDA| Bap ‘ajbup dysapis
Bep ‘voysod J0JoD4 J35/Sunipol
jo3ju0n poo ‘Kpooiaa minbuy

Time, sec

Figure 58.- Series of turns; airplane weight, 17,080 pounds; center-of-

gravity locatian, 26.6 percent of the mean aerodynamic chord.
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Figure 59.~ Series of turns; sirplane weight, 14,350 pounds; center-of-

gravity location, 26.2 percent of the mean aserodynemic chord.
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Figure 61.- Series of turns; airplane weight, 16,100 pounds; center-of-

gravity location, 26.6 percent of the mean ‘serodynamic chord.
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Figure 63.- Series of turns; airplane weight, 17,280 pounds; center-of-

gravity location, 26.7 percent of the mean. serodynemic chord.
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center-of-gravity location, 26.6 percent of the mean aero

Figure 65.- Series of gentle turns; airplane weight, 16,690 pounds;
chord.
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Figure 66.- Series of turns; airplane weight, 15,570 pounds; center-of-
gravity location, 26.4 percent of the mean aerodynamic chord.
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Figure 66.- Concluded.
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Figure 67.- Series of diving turns; airplane weight, 13,660 pounds;

center-of-gravity location, 26.0 percent of the mean serodynamic
chord.
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Figure 68.- Gentle pull-up; airplene weight, 16,900 pounds; center-of-

gravity location, 26.6 percent of the mean aerodynamic chord.
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Figure 69.- Gentle pull-up; airplane weight, 15,920 pounds; center-of-

gravity location, 26.l4 percent of the mean serodynamic chord.
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Figure T70.- Gentle pull-up; airplsne weight, 15,740 pounds; center-of-
gravity location, 26.4 percent of the mean serodynsmic chord.
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Figure Tl.- Gerntle pull-up; airplane weight, 16,410 pounds; center-of-

gravity location, 26.5 percent of the mesn aerodynamic chord.
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Figure T72.- Gentle pull-up; airplsne weight, 16,620 pounds; center-of-

gravity location, 26.6 percent of the mean serodynamic chord.
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gravity location, 26,6 percent of the mesn aerodynsmic chord.

Figure 73.- Gentle pull-up; airplane weight, 17,090 pounds; center-of-
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Figure Th.- Gentle pull-up; alrplane weight, 16,520 pounds; center-of-

gravity location, 26.6 percent of the mesn aerodynamic chord.
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gravity location, 26.2 percent of the mesn serodynsmic chord.

Figure 75.- Gentle pull-up; airplane weight, 14,770 pounds; center-of-
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Figure 76.- Gentle pull-up; sirplane weight, 14,240 pounds; center-of-

gravity location, 26.2 percent of the mean serodynamic chord.
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Figure 77.- Gentle pull-up; airplane weight, 15,030 pounds; center-of-

gravity location, 26.3 percent of the mean serodynamic chord.
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Pigure 78.- Gentle pull-up; airplane weight, 15,170 pounds; center-of-

gravity location, 26.3 percent of the mean aerodynsmic chord.
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Figure T79.-

-up; airplane weilght, 16,960 pounds; center-of-gravity

location, 26.6 percent of the mean serodynamic chord.
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Figure 80.- Pull-up; airplane weight, 14,990 pounds; cénter-of-gravity
location, 26.3 percent of the mean aerodynsmic chord. '
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Figure 81.- Pull-up; airplane weight, 15,980 pounds
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Figure 82.- Pull-up; airplane weight, 17,740 pounds;
location, 26.8 percent of the mean aero
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Figure 84.- Concluded.
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Figure 85.- Pull-up; airplane weight, 17,250 pounds; center-of-gravity
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location, 26.6 percent of the mean serodynamic chord.

Figure 86.- Pull-up; airplane weight, 17,200 pounds;. center-of-gravity
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Figure 87.- Pull-up; ai-rpla_ne welght, 15,050 pounds; center-of-gravity

location, 26.3 percent of the mean aerodynamic chord.
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Figure 87.- Concluded.
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Figure 88.- Abrupt pull-up; eirplsne weight, 14,150 pounds; center-of-

gravity location, 26.1 percent of the mean serodynamic chord.
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Figure 89.- Abrupt pull-up; airplane weight, 16,430 pounds; center-of-

gravity location, 26.6 percent of the mean serodynamic chord.
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Figure 91.- Abrupt pull-up; airplane weight, 17,800 pounds; center-of-

gravity location, 26.8 percent of the mean serodynamic chord.
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gravity location, 26.6 percent of the mean serodynasmic chord.
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Figure 93.~ Rolling pull-out
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gravity location, 26.2 percent of the mean serodynamic chord.

Figure 9&.- Rolling pull-up; sirplane weight, 14,500 pounds; center-of-
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Figure 97.- Gentle rolling pull-up; airplane weight, 15,470 pounds;

center-of-gravity location, 26.11-_per__cent of the mean aerodynsmic

chord.
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Figure 101.- Abrupt rolling pull-up; sirplane weight, 14,505 pounds;

center-of-gravity location, 26.2 percent of thé mean serodynamic

chord.
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Figure 102.- Rolling pull-out; airplane weight, 17,000 pounds; center-of-
gravity location, 26.6 percent of the mean asercdynamic chord.
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Figure 103.- Pull-up with left slow roll recovery; airplane weight,
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Figure 104,- Push-over; airplane weight, 16,640 pounds; center-of-

gravity location, 26.6 percent of the mean serodynamic chord.
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Figure 105.- Push-over; airplane weight, 16,400 pounds; center-of-

gravity location, 26.5 percent of the mean aerodynsmic chord.
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Figure 106.- Push-over; airplane weight, 16,950 pounds; center-of-

gravity loc¢ation, 26.6 percent of the mean aerodynamic chord.
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-out; airplane weight,
; center-of-gravity locetion, 26.3 percent of

the mean aerodynamic chord.

Figure 107.- Pull-up, push-over, and pull
15,380 pounds
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16,180 pounds; center-of-gravity location, 26.5 percent of

the mean aserodynamic chord.

Figure 108.- Pull-up, push-over, and pull-out; sirplene weight,
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6,620 pounds

; airplane weight, 1

center-of-gravity location, 26.6 percent of the mean aerodynemic

Figure 109.- Dive with normal pull-out,

chord.



NACA RM L52B29

040D+
td Bop ‘uolysod jonuo) 4 295/5UD{PDJ
"® WO ooz UoIBID 1ty pooT “Kioojen Jojnbuy
x dn wwog  dn umog [OULoN ud MDA
< o NONY NOFTOTHN © ¢ o O vNOYFNOy 0
N
y _~ [\ ™1 _.I
, | I
] |
1) T
) y i
{ (@]
) ]
{
5 ‘ o
[ £ m m
[e) ha 1= v S
-— [ m .w a. K] £ 1 =tttz o
£ WS I ETHEH S 5 H ST A2 S e T e R &
i i < m 2 2 [ .m =
¥ q N
! v/ Y
1\ Y
N o)
ﬂ —
]
I
]
]
(e ! 3
r_.vaAv <t " o Ot O T o © < O.A_n ﬁzonv_ 2|0|_|n_/_ 64202468m
by W ! : 1oy - Ly by
sjouy‘Ip sappny ouipnybuoy asieAsuDl | Bop ‘ajbup dysepig
Bap ‘uoiyisod 404004 088/SUDIpO
1044u0) pooT ‘Ayoojan mojnbuyy

Figure 110.- Dive with normsl pull-out; airplane weight, 15,020 pounds;

center-of-gravity location, 26.3 percent of the mean aerodynsmic

chord.
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Figure 111.- Dive with normal pull-out; airplane weight, 15,170 pounds;

center-of-gravity locstion, 26.3 percent of the mean serodynsmic

chord.
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center-of-gravity location, 26.5 percent of the mean aerodynsmic

Figure 112,- Dive with normel pull-out; airplane weight, 16,420 pounds;
chord.
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Figure 113.- Dive with normal pull-ocut; airplane weight, 17,780 pounds;

center-of-gravity location, 26.8 percent of the mean aerodynsmic

chord.
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center-of-gravity location, 26.7 percent of the mean aerodynamic

Figure 114,- Dive with normal pull-out; airplane weight, 17,600 pounds
chord.
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Figure 115.- Dive with normal pull-out; airplene weight, 16,280 pounds

center-af-gravity location, 26.5 percent of the mean aerodynamic

chord. ..
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center-of-gravity location, 26.3 percent of the mean aerodynsmic

Figure 116.- Dive with normasl pull-out; airplane weight, 14,920 pounds;
chord.
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airplane weight, 15,250 pounds; cénter-of-gravity location,

Figure 117.- Dive with rolling entry arnd gentle rolling pull-out;
26.3 percent of the mean aserodynamic chord.
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Figure 118.- Rive with rolling entry a.nd. normal pull-out; airplane
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mean gerodynamic chord.

Figure 121.- Dive with rolling entry and pull-out; alrplane weight,
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Figure 122.- Dive with rolling entry snd normal pull-out; airplane

weight, 14,800 pounds; center-of-gravity location, 26.2 percent

of the mean aerodynamic chord.
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Figure 122.- Concluded.
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airplane weight, 14,910 pounds; center-of-gravity location,

26.3 percent of the mesn aerodynamic chord.

Figure 123.- Dive with rolling entry and partial pull-ocut recovery;
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airplane weight, 16,750 pounds; center-of-gravity location,

26.6 percent of the mesn serodynamic chord.

Figure 124.- Dive with rolling entry and gentle pull-out recovery;
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Figure 125.~ Dive with rolling entry and normal pull-out; elrplane
weight, 14,430 pounds; certer-of-gravity location, 26.2 percent .
of the mean aerodynamilc chord. '
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of the mean aerodynamic chord.

Figure 126.- Dive with rolling entry and normal pull-
welght,
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Figure 127.- Dive with rolling entry and normal pull-out; airplane
weight, 14,530 pounds; center-of-gravity location, 26.2 percent
of the mean serodynamic chord.



NACA RM L52B29

Vi, knots

Right

Control
position, deg
Rudder

Left

Load
Factor
Longitudinal

Transverse

Angular velocity,
radians/sec
Sideslip angle, deg
Left Roll

Right

147
5%10¢
24
4 i
22 %
3 JP T
I 20
2 Vi
-JI-;l ut g Y »
8 Elevaior 2 g3 g
4 a § us
S Rudder 12 %
, 83
s 5B
Ail ro—;l = ° Eé
B 4
4 |2'§
0 6
: Longitudinal
-4 4 gk
582
S8
'-8 s 2 .
2 Norma
o 1 I'lr o
-2 Transver
4
2 -
=
a5 Pitch 2 g% g
o T s 55
=i lioll 2 §E
! 2z
_2 1 |. 0 >°-
Y,aw -2
(]
4
2
2 Sideslip an
V.
. g W ]
10 O
(] 20 40
' Time, sec

Figure 128.- Dive with rolling entry and normal pull-out; airplane
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of the mean aerodynsmic chord.’
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Figure 128.- Concluded.
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welght, 14,675 pounds; center-of-gravity location, 26.2 percent

Figure 129.- Dive with rolling entry and normal pull-out; sirplsne
of the mean aerodynsmic chord.
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Figure 130.- Dive with rolling entry end pull-out; airplane weight,

17,000 pounds; ceénter-of-gravity location, 26.7 percent of the

mean aerodynamic chord.
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Figure 130.- Concluded.
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Figure 131.- Dive with rclling entry and normal pull-out; airplane
weight, 16,480 pounds; center-of-gravity location, 26.5 percent
of the mean serodynsmic chord.
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Figure 132.- Dive with rolling entry and pulli-out; alrplane weight,

14,770 pounds; center-of-gravity locatlion, 26.2 percent of the

mean aerodynsmic chord.
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Figure 133.- Dive with rollifg eéntry and abrupt pull-up recovery;

alrplane weight, 17,070 pounds; center-of-gravity location,

26.6 percent of the mesn serodynsmic chord.
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Figure 133.- Concluded.
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Figure 134,- Dive with rolling entry and normal pull-out; airplane

weight, 15,600 pounds; center-of-gravity location, 2_6.1+ percent—

of the mean aeradynamic chord.
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Figure 134.- Concluded.
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weight, 15,800 pounds; center-of-gravity location, 26.5 percent

of the mean serodynemic chord.,
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weight, 15,920 pounds; center:of-gravity location, 26.5 percent

Figure 136.- Dive with rolling entry and normsl pull-out; airplsne
of the mean aefodynamic chord.
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Figure 137.- Dive with rolling entry.and normal pull-out; sirplane
welght, 15,350 pounds; center-of- gravity location, 26 3 percent
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Figure 139.- Dive with rolling entry and normsl pull-out; airplane

welght, 15,320 pounds; center-of-gravity locatiom, 26.3 percent
of the mean aerodynamic chord, ’ :
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Figure 140.- Dive with rolling entry and normal pull-out ;5 airplane
weight, 17,270 pounds; center-of-gravity location, 26.7 percent
of the measn serodynamic chord.
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Figure 140.- Comncluded.
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Figure 141.- Dive with rolling recovery and normasl pull-out; airplane

weight, 16,500 pounds; center-of-gravity location, 26.5 percent of

the mean serodynamic chord.
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Figure 1L42.- Dive with rolling pull-out; airplane weight, 15,730 pounds;’

center-of-gravity location, 26.5 percent of the mean aerodynamic

chord.
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Figure 1h43.- Dive with gentle rolling recovery; airplane weight,
16,500 pounds; center-of-gravity location, 26.5 percent of the’
mean aerodynamic chord.
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Figure 143.- Concluded.,
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Figure 145.- Gentle'dive with rolling pull-out followed by rolling entry

into a dive; airplane weight, 16,640 pounds; center-of-gravity loca-

tion, 26.6 percent of the mean aerodynamic chord.
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Figure 147.- Concluded.
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Figure 149.- Dive with right slow roll and gentle rolling pull-out;
airplane weight, 16,510 pounds; center-of-gravity location,
26.5 percent of the mean aerodynamic chord.
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Figure 150.- Dive with rolling entry followed by a left slow roll;

Time, sec

airplane weight, 15,960 pounds; center-of-gravity location,

26.4 percent of the mean serodynamic chord.
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Figure 152.- Dive with Immelman recovery; airplane weight, 17,180 pounds;
center-of-gravity location, 26,6 percent of the mean serodynamic chord.
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Figure 154,- Right slow roll; airplene weight, 17,860 pounds; center-
of-gravity location, 26.8 percent of the mean aerodynamic chord.
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; airplane weight, 16,720 pounds; center-

.T percent of the mean serodynamic chord,

Figure 155.- Right slow roll
of-gravity location, 26
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mean serodynsmic chord.

Figure 157.- Right slow roll; airplene weight, 16,950 pounds; center-
of-gravity location, 26.6 percent of the
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Figure 158.- Right slow rall; eirplane weight, 16,790 pounds; center-
of-gravity location, 26.6 percent of the mean aerodynsmic chord.



191

NACA RM L52B29 -

v

1idy Bap ‘uosod fosuo) - 404004 265/5U0ipDI
D JolDA9[3 vaslo 1By pooT] ‘Ayoojen Jopbuy |
% dn ‘wog  dp umoq IouLON TR MD{
© ¥ O NOoNY NOFOTON © ¥ N O TNONTNOW
e
LI
T
< ”m
c e
3
Q
] 1 8 4 e
| J o S - N -1/ z ..m. N
r B - .m y [ ol <
: ) o o o AP 1>l o _|4
o vt o_ 2 < " = ell > O o a X\
T > T s T ST SIS 5 s =
— P [ PA'a = o [
9 o = o
Afe] q el [ W A n
L1x P4 A 111 L) o
b ¥ M. N oYOoY®  ®© & O ¥ @ oW N-0-q OITNONT VDO
Wby W Hoy Ho1 by
sjoux‘Ip 1oppny foujpniiuoy  BsJeASuDl| . Bap ‘oibun disapig
Bap *uojysod Jojon4 093/5UD|po.
jo4uon) pooT ‘Ayoofen Jonbuy

Time, sec

Figure 159.- Right slow roll; airplane weight, 16,700 pounds; center-
of-gravity location, 26.6 percent of the mean serodynamic chord.
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Figure 161.- Right slow roll; airplane weight, 16,260 pounds; center-

of-gravity location, 26.5 percent of the mean aerodynamic chord.
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Figure 162.- Right slow roll; sirplsne weight, 14,810 pounds; center-

of~gravity location, 26,2 percent of the mean aerodynamic chord.
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Figure 163.~ Right slow roll; airplane weight, 16,970 pounds; center-.

of-gravity location, 26.6 percent of the mean serodynamic chord.
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of-gravity location, 26.6 percent of the mean eserodynamic chord.

Figure 16k.- Right slow roll; airplane weight, 16,955 pounds; center-
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Figure 165.- Right.slow roll; airplane weight, lh,STO pounds; center-

of -gravity location, 26.2 percent of the mean serodynamic chord.
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Figure 168.- Left £Iow roll; airplane welght, 17,060 pounds; center-
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of-gravity location, 2
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of-gravity location, 26.6 percent of the mean aerodynsmic chord.
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Figure 171.,- Ieft slow roll
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Figure 173.- Ieft slow roll; airplane weight, 16,560 pounds; center-



NACA RM LS52B29

Time, sec

;13,820 pounde; center-

.- Ieft 8ldw roll; airplane weight

206

'y bop ‘voysod foguoy e 295/Su0IpOI
) J0JDASY uoseyp 4yl ‘Airooea sombuy
x dn uweog dn umo(] [ouLion Wwild MDA
O ® 0 ¢ NONY NOFTOFTON © & o . O TNONYENOQ o
: : . _ NENNNNNEEFRREN
i 5
R
i 8
] TN El T ) & m.
2] L@ [t o [=] [ Fimm
— - o =] ; T2 o z (=]
£ SRS ST 2 T ST 2 Zes e
e = c 4 Lo ]
<} M AN A “m
4 P, w O
| § =
mam
.vm T o OTOT® ® & O ¢ @ NodWo N~OC - 64202468m0
Wby wel 1oy o wbiy
sjouy‘ ! 1oppnYy pupnbuo) JuIASUDIL Bop “ejbup dijsepiS
bap ‘uoipsod 104904 595/5UDIpDI
[04u00) poo ‘Ay00)9A soinbuy

of-gravity location; 26.1 percent of the mean aerodynsmic chord.

Figure 174
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of-gravity location, 26.6 percent of the mean aerodynemic chord.

Figure 175.- Left slow roll; airplane weight, 16,825 pounds; center-
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;3 alrplane weight, 17,550 pounds; center-

of-gravity location, 26.7 percent of the mean serodynsmic chord.

- Teft slow roll

Figure 177.
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Figure 178.- Left slow roll; eirplane weight, 16,820 pounds; center-

of-gravity locatiomn, 26.6 percent of the mean serodynamic chord.
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Figure 179.- Left slow roll; airplane weight, 16,820 pounds; center-

of-gravity location; 26.T7 percent of the mean serodynsmic chord.
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Figure 180.- Left slow roll; airplane welght, 13,880 pounds; center-
of-gravity location, 26.1 percent of the mean serodynamic chord.
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Figure 181.- Ieft slow roll; airplane weight, 17,670 pounds; center-

of-gravity location, 26.7 percent of the mean serodynamic chord,
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Figure 182.- Ieft slow roll; asirplane weight, 16,330 pounds; center-

of-gravity locstion; 26.5 percent of the mean derodynamic chord.
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Figure 183.- Left slow roll; sirplane weight, 16,340 pounds; center-

of-gravity location, 26.3 percent of the mesn serodynamic chord.
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Figure 185.- Ieft slow roll; sirplane weight, 15,320 pounds; center-

of-gravity location, 26.3 percent of the mean aerodynamic chord.
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of-gravity location, 26.6 percent of the mean serodynemic chord.

Figure 186.-~ Left slow rall; sirplane weight, 16,780 pounds; center-
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Figure 187.- Left slow roll; airplene weight, 16,800 pounds; center-

of-gravity location, 26.6 percent of the meen serodynsmic chord.
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of ~gravity location, 26.6 percent of the mean serodynamic chord.

Figure 188.- lLeft slow roll; airpleane weight, 16,955 pounds; center-
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- Ieft slow roll; airplane weight, 17,050 pounds; center-

of-gravity location, 26.6 percent of the mean serodynemic chord.

Figure 189.
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Figure 190.~ Left slow roll; alrplane welght, 17,020 pounds; center-

of-gravity location, 26.6 percent of the mean aerodynemic chord.
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Figure 191.- Teft slow ‘roll; airplane weight, 17,580 pounds; center-

of-gravity location, 26.7 percent of the mean aerodynmamic chord.
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6.4 percent of the mean serodynamic chord.

.- Teft slow roll; eirplane weight, 15,930 pounds; center-

of-gravity location, 2

FPigure. 192
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Figure 193,- Left slow roll; alrplane welght, 17,230 pounds; center-

of-gravity location, 26.7 percent of the mean serodynamic chord.
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Figure 194%.- Ieft slow roll; airplane weight, 16,400 pounds; center- _

of-gravity location, 26.5 percent of the mean aerodynamic chord.
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Figure 195.- Left slow roll; asirplane weight, 1k4,ThO pounds; center-

of-gravity location, 26.2 percent of the mean aserodynemic chord.
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Figure 196.- Ieft slow roll; airplane weight, 16,880 pounds; center-
of-gravity location, 26.6 percent of the mean serodynamic chord.
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Figure 197.- ILeft slow roll; airplane weight, 16,630 poimd.s s center-

of-gravity location, 26.6 percent of the mean serodynamic chord.
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Figure 198.- Ieft slow roll; sirplane weight, 16,020 pounds; center-

of-gravity location, 26.4 percent of the mean serodynamic chord.
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of-gravity location, 26.7 percent of the mean aerodynemic chord.

Figure 199.- Left slow roll; airplsne weight, 17,280 pounds; center-
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Figure 200.- Left slow roll; airplane weight, l_ll_,"{50 pounds; center-
of-gravity location, 26.2 percent of the mean aerodynam
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Figure 20l.- Left slow roll; airplane weight, 14,990 pounds; center-

of-gravity location, 26.3 percent of the mean aerodynamic chord.
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Figure 205.- Right barrel roll; airplane welght, 15,520 pounds ; center-
of-grevity location, 26.L percent of the mean aerodynamic chord.
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Figure 206.- Right barrel roll; airplane weight, 16,840 pourds; center-

of-gravity location, 26.6 percent of the mean aerodynamic chord.
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Figure 207.- Right barrel roll; airplane weight, 15,240 pounds; center-

of-gravity location, 26.h4 percent of the mesdn aserodynamic chord.
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Figure 207.~ Concluded.
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Figure 208.- Right barrel roll followed by dive with rolling pull-out;

girplane weight, 15,210 pounds; center-of-gravity location, 26.3 per-

cent of the mean aerodynsmic chord,
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Figure 208.- Concluded.
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, 16,870 pounds; center-

of-gravity location, 26.6 percent of the mean aerodynamic chord.

airplane weight

3

Figure 209.- Ieft ‘barrel roll;
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of-gravity locaticn, 26.5 percent of the mean serodynamic chord.
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Figure 21l1.- ILeft barrel roll; airplane weight, 15,770 pounds; center-

of-gravity location, 26.4 percent of the mean aerodynamic chord.
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Figure 212.- Left barrel roll; airplane weilght, 16,240 pounds; center-

of gravity location, 26.5 percent of the mean aerodynsmic chord.
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Figure 21%.- Left barrel roll; airplane weight, 16,780 pounds; center-

of-gravity location, 26.6 percent of the mean serodynamic chord.
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Figure 216.- Left barrel roll; airplane weight, 16,840 pounds; center-
of-gravity location, 26.6 percent of the mean serodynamic chord.
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Figure 218.- Ieft barrel roll; sirplane weight, 16,280 pounds; center-

of-gravity location, 26.5 percent of the mean serodynamic chord.
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Figure 219.- Ieft barrel roll;’
of-gravity location, 26
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Figure 220.~ Left barrel roll; sirplene weight, 16,770 pounds; center-

of-gravity locatlon, 26.6 percentof the mean aerodynsmic chord.
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welght, 16,220 pounds; center-of-gravity location, 26.5 percent of

Figure 221.- Left barrel roll into g dive with normsl recovery; alirplane
the mean aserodynamic chord.
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Figure 222.- Left barrel roll; sirplane weight, 16,360 pounds; center-

of-gravity location, 26.5 percent of the mean aerodynamic chord.
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Figure‘ 223.- Left barrel roll; airplane weight, 16,330 pounds; center-

of-gravity location, 26.5 percent of the mean aerodynamic chord.
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center-of-gravity location, 26.3 percent of the mean aerodynamic

Figure 230.- Double left slow roll; airplene weight, 15,050 pounds;
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Figure 231.- Double left barrel roll; airplene welght, 16,230 pounds

center-of-gravity locatiomn, 26.5 percent of the mean aerodynemic

chord.
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Figure 232.- Two left slow rolls; airplene welght, 165100 pounds;

center-of-gravity location, 26.5 percent of the mean serodynamic

chord.
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Figure 233.- Two left slow rolls; sirplane weight, 17,760 pounds
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center-of-gravity location, 26.7 percent of the mean aerod
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location, 26.5 percent of the mean aerodynsmic chord.
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Figure 248.- Loop; airplane weight, 17,060 pounds; center-of-gravity

location, 26.6 percent of the mesn serodynamic chord.



NACA RM L52B29

288

101904

o T, Bap “uosod oyuo) 298/SUDIpD
o) J0j0A13 uoRm by pooT] *Kyoofan Jopbury
x dy weog dn umog ILON Wid M) _
R M - NONYT NDYEOTON O ¢ N O - TNOQNYNO Y “w
_ H HHHH
f ; ]
__ 34 ]
! 311
D _f 0
k N~
o)
o
3
2
. g 7 . : |
\.m Y cllwo ul hel
= i 2T ST PIL SHTS =T 2 3
CREN I = SO e 2 8
o) ) TIr P e 2 \[:=
x i \ 1 Z= : qare (W o
W+ Mmoo D¥OTO® @ ¥ O ¥ ® NO N—-O7TQq OsTNOoONTOOOY
1461y W 1oy W by
syouy ‘A 18ppny foupnybucy 9sIBASUDI) bop ‘sjbup dysepig
bap ‘voyisod Jopon4 095/5UDIPOI
[044u0) pooT ‘Ayooian soinbuy

Time, sec

Figure 248,- Concluded.
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Figure 249.- Ioop; airplane weight, 15,090 pounds; center-of-gravity

location, 26.% percent of the mean serodynsmic chord.
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Figure 250,- Loop; airplane weight, 17,680 pounds; center-of-gravity

location, 26.7 percent of the mean serodynemic chord.
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Figure 251.- Loop with stall at top; airplane weight, 16,670 pounds;

center~of-gravity locatlion, 26.6 percent of the mean aerodynamic

chord.
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airplane weight, 16,540 pounds; center-of-gravity

location, 26.5 percent of the mean aerodynsmic chord.

Figure 25k, - Tmmelman;



NACA RM L52B29

298

J1oyop4

" 1dy Bop “uoxsod 04L0) poo e by
o JOJ0AS ] uosyo ey Ayowa Jonbuy
x dn uwog dn umosg PWoN Pid a0\
O @ ¥ ¢ NoONYT NBTOTON @ ¢ N O <STNONYTNOY 3
' T
1
o)
[ ~
i
i
L7
( ]
N ) N
A A
‘ 3
S o o
- m b [~ - 1= m : 2
i SIS ST s S 3 el ST sy 5
NE > MO8T3 2 5 sH 2 aTreTh> 2
ul o < m 2 M (T™=
| 3 = AYB-N
| 0 Q
A
b
f .
" — N
w ] \ 3
W+ M N OFOYD® ® ¥ O ¢ @® NOW N-0O o 64202468m%
wby g 1oy He by
stouy*}p Rppry s SssemsuolL Bop ‘sibuo dysepis
Bap ‘uoyisod 404004 29S/SUDPLS
Kupo) pooT “AKyoorna sombuy

Time, sec

Figure 25k4.- Concluded.



299

NACA RM L52B29

Bep ‘uolysod (o) 404004 295/5UDIP0S
3" -
'S YR merg uosaN0 Jubiy poot | “Kyoojen sombuy
x o dn wwg, dn umogy owoN id MD)
2 N @ N Nowy dwvodON © ¢ N O TNONTNOY °
: \ HHHL
, i
...Akl
]
i 1
W I llo
/ N 7]
/
)
i )
2
n ) g
\ 2 b 9
5 =t ohl L & = alh
e TS ST ST AL S e S S s L 2T e Q
= . 3 = 5 sHil¢ arHHe 3
\\ Y! T ) & N c 3 @
4 ALD — p { e
{ v N X, | ]
\ 1~ IW L ot Y
/ \ -
' \ { =
X \ N | 4
1 / /] 4 o
‘ —
\\
|
{ A
I \
y,
LN ) pY )
L O { \ L
» \ F o
0o+ M W ¢ O T 0 © ¥ O ¥ @ ~NoO« N-0-0 OFNONYO®O
Wby ue = oy, . Wen 1y
sjouy* Ip Jappny iouipniiBuoy 85JaASUD), . Bop ‘a)bup dysepig
bBep ‘uoiysod 104904 08s/suUnipd
[04uo) pooT ‘Ayopen oinbuy

Time, sec
location, 26.T7 percent of the mean aerodynamic chord.
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Figure 257.~ Cuban eight;
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Figure 258._— Cuban eight; airplane weight, lh,ETO .pounds; center-of- -

gravity location, 26.1 percent of the mean merodynamic chord.
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Figure 258.- Continued.



NACA RM L52B29

306

» [ +
[ 1 LO#S.& 1
ue Bap ‘uosod joyuon) IUS/SUDIPOS
) H X0i0M13 UoRD bRy pooT] “Kyoorn Jonbuy
M . dn uwog dn umoq] 1ouLoN Wild MDA
Q2 0 ¢ NONT NOTOTXN © T N O ETNONTNON : o
(BER : HEHEHE N | ] I IR ] ] : T =
_ H _ B . i ARRRRNE
i e ;
- , 5
N 1
v in
_ 7o
/ I -
: -
ANER)
A .m a~ L.u A
5T 5 TeT JINTS g g
18 5 L3 513 ETT21TS SHEII e TN ga
= a2 =1 S e-H-a N> @ — £
o ANl i 2 8 P
2 - | B
4
T e 3
ANV, ) T
N, i
A Y ] [ =
N L/
N \
oy / )
@D
x
v T W N ©BSO0OY® © ¥ O ¥ ® NOW N-0 CINONT T BR
Wby tal 1104 4o Wby
sjouy* I sppny oupnyibuo-] 98I3ASUDL| Bop ‘sjbun diysepig
Bep uoisod 10904 995/SUDIPO
joauo) poo] “AoopeA Jonbuy

Figure 258.- Concluded.



307

NACA RM L52B29.

Bap ‘uoyssed jouuon

Jogon4

d . . D95/5UDIPDA
=) B opne UOKHO JuBlY pooT “Kyoojen Jopbuy
x dn uwwg  dn umog IDUAON i) MDY,
N O 2@ Qaows NOYOTOA © ¢ N O ENOMNGNOHQ
y i e
T
I iR
_ i
A ) o
5
O
\ 5
i = @ m
| c [ O,
<] c = s -
&\ S 3HHASHHHS el s SIS i o 8
B s 3 g 2 5 5 c ol e - @ g
fd @ <t £ =z 2 o i~
- - | B
] 1 ] [
= A
7
o
o .
L [ [e)
wooF .m N 0T 0T ® © ¥ O ¥ ®© Oy N=-—O-TQ OTNONTWO®O
why 4 oy e bty
sjouy‘ }o Jappny loulpnybucT 8sJBASUDAL Bop ‘oibup disepig
Bap ‘uojyrsod 10}o04- 085/sUDIPRI
[0u0) pooT ‘Apoojen sojnbBuy
* » » v 1}

Figure 259.- Lazy eight followed by a left barrel roll; airi;lane welght,

16,750 pounds; center-of-gravity location, 26.6 percent of the mean -

gerodynamic chord.
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Figure 272.- Continued.
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Figure 272.- Concluded.
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Figure 273.- Stall; airplane weight, 15,850 pounds; center-of-gravity

location, 26.4 percent of. the mean aserodynsmic chord.



329

NACA RM L52B29

10}oD4

6Bop ‘uoitisod josuos 985/5UDIpDL
u'd e Do e
e, L vosD 14BRY poT] “Kyoojen Jojnbuy
x dn uwog  dn umog IPULON C wud Mo )
N M = g NONY NOTOTDODN © ¢ N O sNoONTNOY _
TTT] m_m
X Q.
' Y
\ 8
] m &
£
=
U .m D e.
] ST s £ S 18 s @
CAN s = ol o a 9 S = : o
£ o S = S E .n‘“. 21rsl] o o
9 o ¢ £ S S ol ELANEES G e
{ 2 3 _ Z - 8
il ( ) 01
I
L { [
I N U
I - N
or t _
.WM T W N oFOY® ® % O ¥ ® NOog N—0OTQ OFTNONTWOD mu
Wiy Hel _ lioy- He by
. sjouy Iz Jsppny loupnybuo 9sJaASuDAL : Bap ‘ejbun dysep|s
Bop ‘uojytsod 404904 985/5UDIpDI
j0Jju00 . poo ‘Ayooen sojnbuy

¢

12F

Figure 274,- Effect of speed brakes; airplane welght, 16,600 pounds;

center-of-gravity location, 26.6 percent of the mean serodynamic

chord.
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Figure 275.- Landing; airplane weight, 13,200 pounds; center-of-grevity
location, 25.8 percent of the mean aercdynamic chord.
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Figure 275.- Concluded.
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location, 25.9 percent of the mean asepddynamic chord.

Figure 276.- Landing; airplane weight, 14,200 pounds; center-of-gravity
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" Figure 276.- Continued. -
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Figure 276.- Concluded.
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Figure 277.- Landing; airplesne weight, 13,200 pounds; éen‘ber—of—gravi‘by

location, 25.8 percent of the mean serodynamic chord.
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Figure 277.-~ Continued.
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Figure 277.- Concluded,
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Figure 278.- Comparison of maximum measured normal load factors. with
the operational V-n diagram,
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