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FLIGHT STUDIES OF THE HORIZONTAL-TAIL LOADS EXPERIENCED BY A FIGHTER
AIRPLANE IN ABRUPT MANEUVERS

BY FLIGHTRESEARCHMANEUVERSSWIIION

SUMMARY

Flight measurements were de on a fighter airplam to
determine the apprmimate magniiude of the horizontal tail
loada in accelerated j?ight. In the jlight nwasureme-nts,
premures at a few points were used M an index of the tail loade
by correlating tie pmwures with complete preswme-didrik
tion data obtained in the N&24 f~sca?e tunnel. In &iti.on,
strain gages and motion pi.ctur.a of i!d dewiorw w~e wed
to explore tlw general nature and order of m.agmlwde of tti
jk.ctwating tail loads in acc-elerat.edsti.

The r& indicated that, if the airpihne were not 8taUed,
a total up load of 6700 pouti would be experienwd on the
horizontal tail in an 8g pul.kp and that, wiih power on, thti
load would be di.stribukxi m-wymmetmklly with abowt 800
pounds more up ikad on the left s~abilber h on the ri@.
Whim stalling occurred there was an intiial abrupt increase in
b up tail load of the order oj 100 percent of the prewious load,
whioh was followed by repeated lm.d and stress wu-iations
due to tail bw$eting. Under h conditimw of taiJ b-u$eting,
t.)k posti~ity of excezsive 8trea8e3 due to re$onance was
indic&.

INTRODUCTION

As n result of numerous tail failures of high+peed airplanes
in flight, a flight investigation was undertaken to determine
tho general nature of horizontal tail loads experienced in
abrupt pull-up maneuvers. Tests were made by the NACA
at LrmgIey Field, Vs., during the spring and summer of 1942.
Tlm flight-ted procedure involved the use of pressure
measurements made at a few points on the horizontal tail,
which were correlated tith complete pmssure-dktribution
data from the NACA full-male tunnel to determine the
approximate tail loads. This procedure gave satisfactory
MN& except when applied to stalls wherein abnormally
high fluctuating pressures, corresponding ti tail buffeting,
were experienced. In order to help establish the signifiwnce
of the peak preasurea reeorded, a strain gage capable of
following the load fluctuations was installed on the stabilizer;
motion-picture cameras were installed later to reoord the
deflection of the horizontal-tail surfaces.

The results of the tail-load measurements obtained are
discussed in two main parts. One part pertains to the more
or leas steady loads experienced in maneuvem, for which
the determination of loads by~means of the measured pres-
sures is fairly straightforward. The second part deals with
the fluctuating loads experienced in stalled flight wherein

the signifkmce of the measured pressures was diflicult to
establish. For this second case, the main dependence is
placed on strain measurements and photographs of the tail
deflections.

DESCRIPTION OF AIRPLANE AND APPARATUS

Test airplane.-The tail-load tests were made on a fighter
airplane having the plan’ form and dimtions shown in
figure 1. The gross weight of the airplane was maintained
between 11,900 pounds ~-d 12,000 pounds for the tests.
The center+&ravity position was maintained between
29.8 percent and 30.2 percent mean aerodpaznic chord.

,,,

r“ y—,.,.-—y
;

FIGUREL—TbIWVfC3WCh’8whgOfdqhllu

351



352 REPORTNO. 792—NATIONAL ADIXiORY COMMITTEE FOR AERONAUTICS

Basic flight instruments.-Airspeed, elevator angle, stick
force, and normal acceleration were recorded during the
tests by standard NACA recording instruments. The air-
speed recorder was connected to an NAC?A swiveling static
head located 1 chord length ahead of the right wing tip and
to a shielded total head mounted on the &peed boom.

Pressure-orifice installation.-Four pairs of ofices were
installed on the horizontal stabilizer to measure the pressure
difference between the upper and lower surfaces of the stabi-
lizer. The spanwise and chordwise locations of the oriiices
were chosen to correspond with particular orifices used ‘m”the
pressuredistribution measurements made in the NACA
full-scale tunnel. A sketch showing the location of the
oritkes used in the flight tests is given in figure 2. Pressures
were recorded for the individual orifkes by an NACAmechan-
ie-al manometer mounted in the baggage compartment of the

Bo?~om inboord Topinboard
ortflcek orificq

Botiom outhod
orifice

C~fe- line

~QCmE2—Horizonti Ml showfng~m Imitlons.

airplane. The inboard orifices were connected to l@gh-
frequency pressure recorders to permit a study of the pressure
fluctuations at the stall.

Tail-deflection apparatns.-The deflections of the hori-
zontal tail under load were measured by photographing the
tail with two 16-millitneter motion-picture cameras mounted,
one on each side of the fuselage, in the intercooler exit ducts.
The eamerrts were synchronized by timing lights operated by
a mrtster timer that also synchronized all the recording instru-
ments in the airplane. Targets were painted on the tail
plane to identify the spamvise position in the photographic
records. The camera installation and the targets on the
horizontal tail are shown by photographs in fqg.m.s 3(a)
and 3 (b), respectively.

Strain-gage instaUation.-An electrical strain gage was
installed on the skin above the rear spar on the right hori-
zontal stabilizer. A photograph showing the location of the
strain gage and the dummy gage on the horizontal tail is
given in figure 4. The orifices on the upper surface of the
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(b) Targeta@ted on leftstabilizer.

Fxmmm8_-InstallationforphotogmphIngtall deikat!ons.

tiil and the leads from the orifices on the lower surface nre
also shown in figure 4.

For one flight, de Forest scratch-type strain gages were
mounted along the front spar on the upper skin of the left
stabilizer at 34, 60, and 74.5 inohes from the stabilizer tip.
The gages were mounted by gluing the gage tmget nnd
scratch arm to the skin.
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TEST PROCEDURE

Tlm types of tests and records obtained are sumnmrized
in the following table:

I I I ReQJrdsobtained -:.
1 t , I

FJlght Tyw ofnmneuver

IF -1

Baste sure strain $&
fflght $Mri; @go tlon

14B Abrupt pti+~_..- . . --------------------- Yes Yes A’o A’o
lfill Abrupt pti]~m ---------------------------- h’o L’o
Mm Abrupt pti~m ------------------------- ;:
lEIB

S Yes *NO
1s3’ term . . . . ..-. _.__. __.. _ . . -------- Ye3

2111
YPS

Abrupt PUU-UK and lW tum---------- Yes Yea Ye ;;
X B Abrupt PU1]-UP ---------------------------- Yc9 Yes Ye Yes

I ,

It is apparent from the table. that the test program
progressed from an installation that measured only pres-
sures on the horizontrd.tail to one consisting of ‘a combination
of pmssum orifices and a strain gage and, holly, to an
installation which simultaneously measured the pressure,
strain, and tail deflection. The strain gage was installed to
fncilitnte an interpretation of the pressure fluctutitions esperi-
cnced on the horizontal tail at and beyond mrmimum lift.
of tho wing in the pull-ups. The apparatus for measuring
tnil deflection was subsequently added in an effort to obtain
additional data on the motion of the tail following tb o wing
stall for correlation with the pressure fluctuations and the
stl dn measurements.

The abrupt pull-ups to maximum lift were made at
vnrious speeds, from the minimum speed of the airplane

to an indicated airspeed of rtpproxinmtely 214 miles per
hour. The corresponding normal accelerations exTerien&d
ranged from lg to 4.5g. AU teds were made at rtn rtltitude
of appro.simately 6000 feet and, except for one power~ff
run, with the engine operating at 2450 rpm and 27 inches
of mercuq manifold pressure.

DETERMINATION OF TAIL LOADS

The pressure data recorded in flight were converted to tail
loads from the pressurwiistribution data for the tnil plane
obtained in the NACA full-scale tunnel. Becrmse of an
unsymmetrical flow in the full-scale-tunnel tests, the load on
the tail, as indicated by integration of the measured pre-s-
sures, was unsymmetrical. The dissymmetry of load is
shown in figure 5, which is a plot of the spamvise distribution
of load on the horizontal tail. The variable CSCused in this
figure is the product of the section normal-force coefficient CX
and the local chord c.

The normal-force coefficients CM for each half of the tail
were plotted in figure 6 as a function of the pressure coef6-
cient Ap/q, in which Ap is the ditkence between the prwsurw
on the upper and lower surkces of the tail plane at the two
spamvke stations where orifices were located in the flight-test
installation and q is the dynamic pressure. The tail loads
computed from pressures measured at the individual orifices
therefore assume a symmetrical tail load with a load distri-
bution similar to that obtained in the full-scale-tunnel tests.
The normal-force coefficients for the tail me notecl to be pro-
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portional to the pressure difference across the tail plane
and are also a function of the eIevator angle 6.. The tunnel
data for the right inboard ori.iice were considered too incon-
sistent for use in evaluating the W loads (see @. 6) and
the evaluation of tail loads for the flight tests was therefore
based on measurements at the other three stations.

Tail loads were determined fi-om the tail-deflection data
by means of the influence line shown in figure 7 and the
spanwise load distribution of figure 5. The influence line
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wrts obtained experimentally by applying unit up loads at
the indicated spanwise points, whereas the spanwise load
distribution was taken from NACA full-soak-tunnel data.
The tail load per inch stabilizer deflection is obtained by
the summation

&wAb

in Khich w is the running load at a spanwise point, y is
the ordinate of the influence line at the same point, and b
is the span of the horizontal tail. This summation shows a
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load of 875 pounds per inch tip deflection on the right stabi-
lizer and 976 pounds per inch tip deflection on tlm lofL
stabilizer.

Some question may be raised as to how the spwnviso
load distribution (@g. 5) should be faired across the fuselage,
but ocmsideration of possible changes would not materially
alter the loads tts measured by tip deflection.

RESULTS AND DISCUSSION

Loads in unstalled flight.-The tail loads in accelerotecl
flight were measured in pull-ups to maximum lift of the

*. Time histories of airspeed, normal acceleration,
elevator position, and elevator stick force for three typicrtl
pull-ups of varying acceleration me presented in figure 8.
The present discussion is limited to the loads attained beforo
the wing stalled, that is, to the portion of tho mmmuvor
prior to tail buffeting, as is indicated by the fluctuating
normal-acceleration curm.
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The pressure coefficients Ap/q for the four spanwise points
are listad in table I. The corresponding value of normal-
force coefficient C~ obtained by referenca to figure 6 are
also listed for the three stations at which satisfactory cali-
brations were available. Total tail loads corresponding to
the normal-forco codlicients of table I (tail load equals
66@N) have been plotted in figure 9 as n function of normal
acceleration. Extrapolating these data indicates that an up
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load of about 5700 pounds would be experien~d at an
acceleration of 8g.

In consideration of these tail loads, a study was made to
loam tha contribution to the load of each of the following
faotors:

(rL) Increment of tail load necessary to balance pitching
moment of wi@uselage-propeller combination

(b) Increment of tail load due to horizontal location of
center of gravity with respect to aerodynamic center of wiug-
fuselage-propeller combination

(c) Increment of tail load due to manipulation of elevator
At the speeds investigated, the increment of tail load due

to factor (a) (a down load) -m.s found to be relatively small,
about 6.5g or 560 pounds at 200 miles per hour. At diving
speeds, however, this increment k lqe enough tO be of
primary consideration.

The increment of tail load due to factor (%) is always an
up load at positive lifts with the conventional wing and tail
mrrmgoment; if the aerodynamic center of the wiug-fuselage-
propeller combination is lmown, determining this increment
of tail load for any center-of-gravity position, gross weight,
and normal acceleration resolves into a simple moment prob-
lem. The increment of tail load varies directly as the prod-
uct of the gross weight and normal acceleration and varies
linearly with center-of-gravity location; that is, this incre-
ment of tail load will be zero for every flight condition if the
center of gravity and aerodpunic center are coincident and
will increase as the canter of gravity moves rearwaxd.

Full-scale-tunnel tests indicate that the aerodynamic

center of the fuselage-wing-propeller combination (power
on) of the airplane tested is at approximately 15 percent of
the mean aerodynamic chord. With this aerodynamic
center, the increments of tail load calculated by the method
suggested are in substantial agreement with tail loads ob-
tained from @h&test data. The tail loads experienced
during acceleration were considerably larger than the loads
indicated by standard design practice because the propeller
and fuselage caused the aerodynamic center to move farther
forward than had been anticipated.

A discussion of the effect on the tail loads of factor (c)
(elevator manipulation) requires a knowledge of the control
movement during the maneuver. It is apparent horn
figure 8 that the elevator force is relaxed before the maximum
acceleration is reached and as a result the stick force is
approximately zero at the time of maximum acceleration.
When the elevator stick force is zero, the elevator is floating,
and the tail-load increment due to a combination of factors
(b) and (c) is equal to that obtained in a similar maneuver,
elevator tied, with the center of gravity at the point giving
zero stick-free stabili@. Computed on this basis, the up
tail load due to releasing the elevator is 130 pounds per g of
normal acceleration. Extrapolation of the data in iigure 10,
which is discussed subsequently, corroborates experimentally
this calculated load increment. This load increment is
indicated by the difference between the curves shown for
elevator floating and elevator fixed as determined from
unstrdled pull-ups and steady turns, respectively.

l?ull-ups to maximum lift and unstalled pull-ups to the
same acceleration gave &similar tail-loading conditions.
Analysis of the data indicates that the load was unequally
distributed between the right and left stabilizers during un-
stalled pull-ups, as shown in iigure 10. The total tail load,
however, -was the same as that obtained in pull-ups to
maximum lift. (Compme 4.5g pull-ups in figs. 9 and 10.)
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A clue to the probable cause of the asymmetric load is ob-
tained by a study of the time histories of figures 11 and 12.
A turn with power on is shown in figure 11. Immediately
before this turn was entered, the load on the left stabilizer
was greater than that on the right stabilizer and remained
greater by about the same amount throughout the turn.
The preesure changes that occurred during the turn were
very similar on both sides of the tail and occurred simultane-
ously with acceleration changes. For the turn of figure 12,
which was executed with power off, the loads were nearly
equal on both stabilizers, with the pressure oriflcw indicating
a slightly larger tail load on the right stabilizer. The changes
in pressure during this turn were similar to the changes that
occurred in the power-on turn. Clmsideration of the magni-
tude of the dissymmetry in loading indicates that the un-
symmetrical tail loading is attributable to a slipstream twist
which increases the angle of attack on the left stabilizer 20
or 30 in a positive direction and decrensw tie angle of attack
on the right stabilizer by an equal amount.

It appears from these data that the slipstream twist with
power on is responsible for an asymmetric tail-load incre-
ment except at maximum lift. (See fig. 9.) The &ym-
metry, which is independent of speed and acceleration, re-
sults in an up load on the left stabilizer 800 pounds greater
tlmn that on the right stabilizer. This unsymmetrical load-
ing, if attained in an accelerated pull-up of 8g, would result
in a tail load of 3250 pounds on the left half of the tail or
in a stress due to an equivalent uniform tail load of 6500
pounds.

Loads during stalled flight.-In abrupt pull-ups to msxi-
mum lift, lsrge and erratic tail-load increments were indi-
cated by sharp prwsure rises immediately after the stall
occurred. The initird peak presmres were followed by fluctu-
ating pressures throughout the period of stnlled flight. Time
histories of pull-ups to maximum lift (figs. 13 and 14) show
the nature of these pressure rises and fluctuations, together
with sinmhhmeous records of strain ns indicated by the elec-
trical strain gage. These abrupt pressure rises and fluctu-
ations axe nscribed to fluctuations in direction of the air
flow at the tsil, which are due to stalling of the wing.

As was previously mentioned, cameras were installed to
record the motion of the horizontal tail during pull-ups.
The accuracy of measurements of leading-edge deflections
on the 16-millimeter b is believed ta be within +0.0005
inch, which is equivalent to + 0.1 inch of actual tail deflec-
tion. Although a camera speed of approximately 64 frames
per second -was used, the frequency of the tail vibrations was
such that the ma.xb.num amplitude of the motion of the tail
was not necessarily defined. The data were therefore plotted
(figs. 15, 16, and 17) in the form of instantmwous beam-
deflection diagrams at time increments of approximately
0.017 second during the stalled part of the pull-up. In
these figures, if a line faired through the spanwise points at
which deflections were mensured did not pass through zero
deflection at the center line of the tail (see 2.500 seconds,
fig. 15), the beam diagram was arbitrarily shifted so that
the deflection at the center line was zero. The shifted beam

curves appear in the figures as dmhed lines. This shift of
the beam curve is considered justifiable on the basis thnt
vibration in the airplane may have caused slight shifting of
the cameras or that the zero reading for the particular frnme
may have been in error; either of these factm-a would hnve
caused a uniform shift of the beam line. The change in tnil
load, which is indicated by the deflection of each stabilizer
tip, is listed at the end of each beam curve. In figures 16
and 17, the total load change for each beam diagrnm is
tabulated at the center line. Deflections of the stabilizer
are also plotted as time histories, together with nirspeecl,
acceleration, pr~ure, and electrical strain-gage records in
figures 18 to 20. A marked twisting nction of the fuselnge
may be noted during the stalled portion of the pull-ups.
The deflections of the right- and left-stabilizer tips me not,
therefore, a reliable indication of the individual Ionds cle-
veloped on the right nnd left stabilizers except during the
first part of the maneuvers before the twisting of the fuse-
lage was set up. The ams for the prwsure and electric
strain-gage records were so drawn that the ordinates nt the
beginning of the run and nt the time of maximum accelera-
tion are proportional to the loads computed nt these points.
Because both the electric strain gage and the pressure cnpsule
have straight-line calibrations, succeeding peaks nre nlso
proportional to the tail load.

The three de Fore& strain gages mounted on the left
stabilizer provided a measure of stress on the upper skin of
the left stabilizer during the runs of figures 16 and 17. The
de Forest strain-gage records are shown in figure 21 nnd w
photmnicrograph of a typical record is shown in figure 22.
Although a history of the stress encountered was recorded by
a de Forest scratch gage, no time record is available. The
peak stresses, therefore, do not indicate the frequency of the
applied load nnd must be interpreted in conjunction with
other records.

The change in load from the level-flight condition to the
point of msxinmm acceleration that occurred immediately
before the stall is indicated by & in figure 13 and the chnnge
in load indicated by the iirst peak on the pressure or strnin-
gage record after the stall occurred is indicated by &. The
ratios of the load immediately after the stnll to the lend
before the stall &/& ns indicated by pressure-oriilce nnd
electric-strain-gage records, as weII as simihr rntios de-
termined from the tip-deflection and de Forest strnin-gnge
records, are listed in the following table:

I L@d ratio,AWW

I t 1 I

The tabulated data show that immediately aftw the strdl
R large nnd nbmpt increase in the up toil Iond occurred.
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Although changes in load indicated by each of the records
obtained are listed in this table, the indications of the pres-
sure orifices are diswmnted, not oily because of uncertain~
regarding t!hedynticcharacteristics of the pressur~ecording
system, but also because of uncertainty regaribng the
applicability of point pressures in relation to total loads
under these circumstsmces. The fact should also be noted
that, owing to the inertia of the tail structure, momentary
pressure increment would not necessarily result in com-
parable stress increments. The strain-gage and deflection
measurements indicate that the initial effect of the stall may
result in up loads of the order of twice those loads experienced
immediately prior to stalling.

After the initial tail-load increment occurs because of wing
stalling, the tail k.buileted repeatedly by the fluctuating

Level d. p Stalled Recovery

b,L ~; 3 ~—

I I I 1 t

0 f 2 3
77me, sec

FmuaE 13.—Timehktary ofa rapidLfq pun-upto maximumlift at ‘xl mik P hour.

dowmvash in the turbulent wake from the stalled wing.
The possibility for resonance between the turbulence fce-
quency and certain natural fiequenciea of the tail structure
exists under this condition. The frequency of the horizontal
tail in primary bending was 17X cycles per second and the
frequency of the complete tail in torsion of the fuselage w-as
10 cycles per second. From tests in the FJACA full-scale
tunnel, the tiequency of the turbulence fluctuations from the
stalled wing was found to be 5.5 cycles per second at 65 miles
per hour. If this frequency were a linear function of true
airspeed, the range would be horn about 13 to 20 cycles per
second in the speed range covered by the pull-up tests and,
at some speeds, would coincide with the bending tiequency
of the taii. The turbulence frequencies, however, a-s shown
hy the pressure records taken at the tail, were seldom actually

uniform for more than 2 or 3 cycles. Moreover, where
deiinite frequencies were detectable, the turbulence frequen-
cies appeared to range from about 10 to 36 cycles per second
and b be independent of the speed of fLight. This lack of
regularity in the turbulence pattern was not unexpected
because both the angle of attack of the wing and the position
of the tail in the wing wake were rapidly varying with tinm.
In two of the pul-up maneuvem, however, resonance with
the tail structure occurred when pressure fluctuations of a
frequency close to that of the tail were sustained for several
cycles. An example of this condition of resonance is shown
by the pull-up recorded in figure 14 where a large periodic
build-up in strws occurred as a result of a series of regular
pressure fluctuations. Figure 13 shows a somewhat similar
condition at a difTerent airspeed. Both records clearly
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indicate the mechanism by which excessive tail stresses cm
be produced when tail btieting occurs.

CONCLUSIONS

The results of the present tail-load tests with a fighter &-
plane show the type and the general magnitude of loadings
encountered on the horizontal tail of a htmvily loaded fighter
airplane in accelerated maneuvers. The survey of critical
conditions is not mmplete, however, because no tests wore
made in the high-speed and diving-speed ranges. In addi-
tion, the measurement that were obtained rtre 1sss complete
and less detailed than are required to present nn accurate
quantitative picture of the loads, particularly the loads
immediately after the stall and during tail buffeting. The
need for further investigation of these conditions is indicated
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FIaUREZ1.–Rc@rds fmm de F-t scin~-~ shah gagesforfllght24B.
(Complotodataforllfght24B am pmsded fn @J. 19and 20.)

The conclusions to be drawn from the present tests are
summarized as follows:

1, In abrupt pull-ups, the critical horizontal-tail loads
wore up loads and were substantially proportional to the
maximum normal acceleration. For unstalled pull-ups,
mtrapolation of the test results shows that a total tail load
of 6700 pounds would be experienced at an acceleration of
8g. Of this total tail load, about 1000 pounds would be due
to the manipulation of the elevator during the pull-up.

2. In unstalled maneuvers with power on, the spanwise
loading on the horizontal tail was unsymmetrical. About
800 pounds more up load was carried by the left stabilizer
than by the right stabilizer. The magnitude of this dis-

-—. —-..
.. . . .. ..—--— . . . . . ...,. .-->. ~’=-===--..=--=. . .

- .—- ——— _ —-.. . . ,/H” ., ; -
.. /!’ ,.

FIWJEEZ2.-Photomicmgraphofa typicalsmatch@ge rexmd. GageIcated ~ fnolm from
tip of8tabIlizer. Manenvem%pnlf-upto 24g at 144mfk p hourand ptdl-n~ to 429 at
214 mfk w hem.

symmet~ was essentially independent of the normal acceler-
ation. With power off, the d.isqmmetry was greatly
reduced.

3. In pull-ups to the stall, an abrupt inorease in the tail
load ocourred immediately after the stall of the wing. Data
for the particular airplane testad indicate that load incre-
ments of the order of 100 percent of the load just prior to
stalling may be obtained.

4. In stalled pull-up maneuvers, the tail was btieted
repeatedly by the turbulent flow horn the stalled wing. The
possibility of excessive stresses due to resonance in this
condition was indicated.

LANGLEY kIEMORIAL AERONATJTIC.AL LABOUTORY,

NATIONAL ADVISORY COiUMITPEE FOR ADRONAUnCS,

LANGLEY FIELD, VA., May 8,194.
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TABLE L-SUMMARY OF PRESSURE-DISTRIBUTION DATA FOR UNSTALLED FLIGHT OBTAINED FROM TESTS 01’

A FIGHTER AIRPLANE

F&lgy

ran

1

Fm@sma dffferenm 8crc@ tall, AII/g NmmaMmw cdtloimtj CR

In&m

IAftc&t- M&& Rf#ht&- Ridlt pJt ~~ ~ in. Ri#l& ~.t (mph)
#% - - bead

— — — ——

a940 LU6 am Km 0..5s ae3 ------ a4a
. S76 .m .755

167
.K17 .s3
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.55 -.-...

.812
.5s

.743 . ml .41 ------
.527

.45
.524 .469

E
.Zm :: .37 ------ ,17 m

.’W6 .650 .742
%1

.42
.7136

.46 . . . . . . .42
.MJ

169
.764 .40
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.716 .63s
lW. 6

.67s .44
.s36

.40 ------
.Ez3
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21E
. Sll .40 .39 ------ .21 m

.’m L 148 .624
:

.W4 .= .68 ------
.SeJ .7s3 .ia

.s3 144
.S71

~3
.49

.Em
.44 ------ .55

.&a
4

.740 .m ------
.EJ37 :%i

.48
.117

E
.M7 :$ .42 .-.-.. .83 m3

.1 .169 -as –. 162 –. m .m .Oa ------ .14
1’JB.1 .4&z .454 .m

243
.m .34

*
.33 ------

.4e3 .471 .179
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.161 .29 .% ------ :; 236
~; L 01 LIZ .745 L64 .77 ------

.m .674
.n

.s22
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.7s3 :X .61 ------ .57 216
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Aati?e&r-d##L&

b) bIlkar d;
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4.m
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4.2
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-a o
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-a o
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-h 5

.6

–h 5
-6.0
-4.0
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. Um4aIkl pull-upsor tmrns.


