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ON THE AERODYNAMIC CHARACTERISTICS IN PITCH AT MACH
NUMBERS FROM 0.60 TO 1.40 OF AN ATRPLANE
CONFIGURATICON WITH AN UNSWEPT WING

By Louis S. Stivers, Jr., and Gar%h W. Lippmann
SUMMARY

An experimental investigation was conducted to determine the effects
of vertical locatlon of an unswept wing and horizontal tail on the aero-~
dynamic characteristics in pitch of a wing-body-tail combinstion. The
wing had an aspect ratio of 3.09, a taper ratio of 0.39, the quarter-chord
line swept back 11.5°, and biconvex sections. Lift, drag, and pitching-
moment coefficlents were obtained at Mach numbers from 0.60 to 1.40 for
angles of attack from -4° to approximately 13°, with the boumdary-layer
trensition on the model fixed and free. The Reynolds number of the tests
was 1.5 million, based on the wing mean aerodynamic chord. The effects of
Mach number on the experimental and calculated 1lift curve slopes, pitching-
moment curve slopes, and contributions of the horizontal tail to the
pitching-moment curve slopes are presented.for the various wing and
horizontal-tail locations.

INTRODUCTION

One of many aerodynamic problems confronting the designer of tran-
sonic or supersonic alrcraft having & horizontal tall is that of locating
this taill to provide satisfactory static longitudinal stability throughout
the expected ranges of flight speed and attitude. Usually, existing theory
is not able to provide sufficlently relieble informstion for the designer,
and the only recourse is to experiment. Only in exceptional c¢ases, how-
ever, is the configuration of a proposed airplane sufficiently similar to
that of a tested model that the experimental data can be employed directly.
Usually, the designer must depend on an interpolation of results for a
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number of related configurations. Rellshle informetion is provided in
this menner, however, only when enough experimental data are availaeble
to bracket the contemplated values of each deslgn parameter.

For unswept-wing configurations, a summary of some horizontal-tall
data obtained at low subsonic Mach numbers 1s avalleble in reference 1,
and the results of several distinct Investigations st transonic Mach
numbers are reported In references 2 to 13. These latter results, how-
ever, provide llttle Iinformation on the effects of vertical location of
the horizontal tail.

The purpose of the present report i1s to provide some of the necessgary
data for locating the horizontel tall on unswept-wing airplanes so as to
furnish desirable longitudinel stabllity charascteristics at transonic Mach
numbers. The data were obtained from an Investigation, throughout the
transonic Mach number range, of the effects of vertical location of the
wing and hordizontal tail on the 1lift, drag, and plitching-moment character-
istlcs of an alrplane configuration having an vmswept, tapered wing of
aspect ratio 3.09. The Investigation was conducted in the Ames 2- by 2~
foot trarnsonic wind tunnel for Mach numbers from 0.60 to 1.40, for angles
of attack as high as about 139, and for a Reynolds number of 1.5x10%,
based on the mean aerodynemic chord of the wing. Theoretical values of
1ift and pitching-moment curve slopes together with the comtributione of
the horizontal tail to the pitching-moment curve slopes, calculated by
the methods of reference 14, are presented for comparison with the corre-
sponding experimental valueg. All the data reported hereiln are presented
without discussion. : a ) ot o TToTm oo o

NOTATION

b wing span
Cp drag coefficient
Cr, 1ift coefficient

3¢,
CL@ 11if% curve slope, ——=

Polod
Cm pitching-moment coefflclent referred to E (See fig. 1.)
CmCL pitching-moment curve slope, ggg

) L
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a(CmCL> contribution of the horizontal tall to the pltching-moment
teil

curve slope (Gm ) - (C . at constent o
’ tall on mcL tail off

c local chord of wing

Cy . local chord of horizontal tall

& mean aerodynamic chord of wing

€ mean aerodynamic chord of horizontel tail

M free-stream Mach number

Z vertlcal dlstance above the wing chord plane
@ angle of attack, deg

APPARATUS AND TEST FROCEDURE

Model

The confliguration of the baslic model with pertinent dimensions and
date are given in figure 1(a). The model was made of steel and, to
facilitate changes in configuration, was constructed in three parts:
the body-nose unit, the wing unit which included the middle portion of
the body, and the tail unit which inecluded the afterbody. Two wing units
were made: one with the wing in a plane passing through the body axis
(hereinafter designated mid wing) and one wlth the wing high on the body
(bigh wing). The wing was uncambered and untwisted and was Pixed on the
body at zero incldence with no dihedral. Four tzil units were made: an
afterbody with neither horizontal nor vertical tails (tail off), one
including both horizontal and vertical tails with the horizontal tail In
a plane paesing through the body axis (mld tail), and one each with the
horizontal tail in a moderately high (moderately high %eil) and = high
location (high tall) supported by a swept, untspered strut. The vertical
tall and the strubts had NACA 0003 airfoil sections in the streamwlse
direction. The tails were all fixed at zero incidence with no dihedral.
The wing and tail units were made In such a menner that the span and
longitudinel location of the wing and horlzontal tell remalned fixed for
the different vertical locations. Furthermore, the high-wing end high-
tail units could be rotated throu,gh an angle of 180° to form low-wing or
low-tall configurations.
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A total of ten configurations was employed in the present investiga-
tion. In the following table these configuratione are listed together
with the appropriate values of the horlzontal tall-helght parameter,

z/(v/2).

Configurations 575
Mid wing, tail off ——
Low wing, tail off -
High wing, tall off R
Mid wing, mid teil 0
Mid wing, moderately high teil 0.16
Mid wing, high tail : - 0.33
Mid wing, moderately low ta.il -0.16
Mid wing, low tall ---=0.33
Low wing, high tail . .. . .-0.45
High wing, moderately low tail . =0.28

The arrangement and principsl dimensions of the various wing and tail
conflgurations employed in the present investigation are illusitrated in
figure 1(b).

Wind Tunnel and Model-Support System

The Ames 2- by 2-foot trangonic wind tumnel, in which the present
tests were conducted, utilizes a flexible nozzle end porous test-section
walls, as illustrated 1n figure 2, to permlt continuocus operation to a
Mach number as high as 1.4 and to provide choke-free flow in the test
section throughout the transonic Mach number rsnge. The stagnation pres-
sure within the wind tunnel can be wvarled to malntsin a conetant Reynolds
number throughout the operaftlonal range of Mach numbers. A detalled
decription of the tunnel and of the function of various component parts
is presented in reference 15.

During the tests the model was mounted in the wind-tunnel test
sectlon on a l-Inch-dlameter, flexure-type, stlng-supported balance.
This balsnce was enclosed within the body of the model and was fitted
wlth electrical-resistance strain gages with which the forces and mpments
on the model were measured. A model mounted on the sting-supported bal-
ance is shown 1n figure 3. The sting-support housing can be inclined
through an angle-of-attack range of -8° to 8° in a fixed plane, wlth the
center of rotation located near the middle of the model. A 4° bent sting
was employed for the present tests 1n order to provide an engle-of-attack
reange of -4O to 129, neglecting deflections due to wind loads.
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Tests

Lift, drag, and pitching-moment data were obtalned at 20 Mach numbers
ranging £rom 0.60 to 1.40 and at angles of attack renging from -4° to
approximately 13° for the configurations and conditions of boundary-layer
transition checked in the following table. (Unrelieble drag date were
obtained for some configurations and are not presented.)

Transition free Transition fixed
Configurations Pitching Pitching
L1f% | Drag «moment Lift | Drag moment
Mid wing, tail off X X X X X
Low wing, tail off X X X b4 X X
High wing, tail off X X X
Mid wing, mid tall X X X X X
Mid wing, moderately high tail X X
Mid wing, high tail X X X X X
Mid wlng, moderately low tail X X
Mid wing, low tail X X
Low wing, high tail X X X X X X
High wing, moderately low tail X X X

When either the loads on the balance or the power supplied to the wind-
tunnel drive reasched limiting values, the angle-of-attack range was corre-
spondingly limited. The Reynolds number of the tests was held constant at
a value of 1.5 million, based on the wing mean aserodynamic chord, except
for the low-wing, tail-off and low-wing, high-tall confilgirations for a
Msch number of 1.40 when the Reynolds number was decreased to 1.0 million
to reduce the loads on the balance.

Boundary-layer transition was fixed on the wing and horizontal teil
by means of a 0.005-inch-diameter wire attached to the surfaces along rays
from the leading-edge apex to the quarter-chord points at the tips. Tran-
sltion was not fixed on the vertical tall or on the vertical support
struts. On the body, transition was fixed by a xring of 0.005-inch-dismeter
wire around the nose at a location 1.33 inches from the apex. A visuali-
zatlion technilique showed that the boundary layer on the model became turbu-
lent immediately downstream of the wire at low angles of attack over the
Mach number renge of the tests.

The increment in drag coefficient due to the transition wlires couwld
not be accurately evaluated from the data of the present investigation.
It was estimated, however, that the increment for transitlon wires on the
body nose and on both surfaces of the wing and horizontal tall varied
from 0.0012 to 0.0015 over the test range of Mach numbers, and for wires
only on the wing, from 0.0007 to 0.0009. TFor the estimations, the drag of
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the wires was assumed to be due principally to pressure differences across
the upstream and downstream sides of the wlres. Pressures measured on
forward and rearward Pacing steps, and obtained from reference 16 and from
unpublished investigations in the Ames l- by 3~-foot and 1- by 3-1/2 foot
wind tunnels, were employed in the ecalculations. It is significant to
note that the pressures on the steps varied substantlially depending on
whether the boundary layer at the steps was laminar, transitional, or tur-
bulent. For low supersonic Mach numbers the pressure dlfferences across
the faces of a step simulating a wire were roughly twice as much for a
turbulent boundary layer as for s laminar boundary layer. For the above
estimations, pressures were used that most nearly corresponded to the local
boundary-layer conditlions and local Reynolds and Mach numbers at the posi-
tion of the transition wirgs on the model. (The boundery layer ahead of
the wires was laminar and transition occurred at a distance behind the
wires of the order of 10 wire dismeters.) The sbove method of estimating
the drag of the wlres has been substantiated for the condition of a turbu-
lent boundary layer over the wires. For this conditlon, Increments in drag
coefficient due to the wires were determined experimentally in the wind
tunnel simply by adding a second wire on the wing parallel to and l/h-inch
downetream of the initial transition wire. The experimental increment in
drag coefficient due to the second wire varied from 0.0011l to 0.0022 over
the Mach nunmber renge from 0.60 to 1.40, whereas the corresponding
estlmated increments varied from 00,0013 to 0.0018.

CORRECTIONS AND FRECISION

Well-interference corrections to the data of the present Investigation
have been neglected for both subsonic and supersonic Mach numbers. That
the effects of the wind-tunnel walls are small 1s shown by the data of
reference 15.

Various other factors which could influence the measured data have
been considered and have been dealt with in various ways. Stream angu-
larity corrections were insignificant, air-stream condensation effects
vere negliglble, aeroelastic distortion of the wing and tall was believed
to be small, and the influence of the sting support on the measured data
was believed to be nmegllgible. Consequently, corrections for these
effects were not made. Each angle of attack, however, has been corrected
for the deflection of the support sting and balasnce due to wind loads on
the model. The axial forces measured by the internal balsihce have been
adjusted to correspond to a condltion of free~stream statlic pressure at
the base of the body. The drag data presented im this report for the
fixed-transition condition Iinclude the drag of the transition wlres.

In addition to small systematic errors which may be introduced by
the correctlons that have been disregarded, the test data are subject to
random errors of measurement which affect the precisian of the data. An
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analysis, based on the procedures of reference 17, has been made of the
precision of Mach number, 1ift, drag, and pitching-moment coefficients,
angle of attack, and Reynolds number for the present tests. These random
uncertainties are glven 1n the Ffollowlng table for low and moderate angles
of attack and for three representatlive Mach numbers:

M = 0.60 : M = 1.00 M=1.k0

e 0.6° | a6 |a=0.29] «-6 |a=0.25°] «=6°
M +0.002 .. | %0.002 +0.002 +0.002 +0.002 +0.002
cL £.00k £.005 £,002 *.007 £.001 +.005
Cn +.003 +.004 £.002 +.007 +.001 +.005
Cp £.0002 +, 000k £.0002 £.0011 £.0002 +.0010
o +.02° +.01° +,020 %.03° £.02° *,02°

R +.03%108 | *.03x10% | +.02x10% | +£.02x10° | £.08%x1.0% | +.08%10°

RESULTS

The 1ift, drag, and pitching-moment dats have been reduced to standard
coefficient form using wing area, including the portlon covered by the body,
as the reference area. Pitching-moment coefficients for each configuration
are based on the wilng mean serodynemic chord and are referred to a point on
the body axie, the longitudinal position of which corresponds to the 25-
percent point of the wing mean aerodynamlic chord (see fig. 1).

The results included in this report are presented without discusslon.
The variations of 1ift coefficlent with angle of abttack, pltching-moment
coefficient, and drag coefficlent with 1lift coefficlent are presented in
figures U4 to 9 for the configurations with tail on and off. The 1ift,
pltching-moment, and drag deta are given, respectively, in figures 4, 6,
end 8 for boundary-layer transition free and in figures 5, 7, and 9 for
transition fixed. In order to dlistinguish among the pitching-moment data
at high 11ft coefficients for Mach numbers of 0.80, 0.85, and 0.90, flags
have been added to the synbols for a Mach number of 0.85. Portions of the
curves at a Mach number of 1.40 for the low-wlng, tail-off and low-wing,
high-tail configurations have been broken to indicete that these parts of
the curves correspond H0 & Reynolds number of 1.0 million. The effect of
Mach number on Cr, and CmcL at 1ift coefficients of O, 0.2, and 0.4,

transition both fixed and free, are presented in flgures 10 and 11 for
wing-body and wing-body-tail combinations, respectively. Calculated vslues
of Cr,_ and CmCL determined by the methods of reference 14 are also shown

in figures 10 and 11 for comparison with the experimental values &t a 1ift
coefflcient of zero. Contributlons of the horizontal tail %o C.mc at
L
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lift coefficients of O, 0.2, and 0.4 are shown in figures 12 and 13 for
transition free and fixed, respectively. Both calculated and experimental
values of the horizontal-talil contributions to CmCL at zero 11ft coef-

flcient are presented in figure 14 for comparison.

For the calculations of Gﬁm, CmCL’ and the contribution of the

horizontal tail to CmCL by the methods of reference 1k, theoretical

wing alone 1ift curve slopes were utilized as determined for subsonic,
sonic, and supersonic Mach numbers by the methods of references 18, 19,

and 20 respectively. Inasmuch as the effect of changing the position

of the wing of the present wing-body combinstion is believed to be within
the accuracy of the calculations, the caleculated sliopes for the mid-wing
configuration are also taken as those for the low-wing and high-wing con-
figurations. The calculations involving the high (or low) tall were deter-
mined assuming zero interference between the tall and the body. The inter-
ference on the moderately high (or moderately low) tail due to the wing and
due to the body, however, could not be determined directly from refer-

ence 14, To determine. this interference, downwash distributions across

the tail due to the wing vortices and due to thé cross-flow-velocity com-
ponent over the body were calculsted. These downwash distributions were
used to compute the ratios of interference 1ift to the 1ift of the tall
alone by means of the Alden-Schindel technique described in reference 1k,
with the simplification that the reverse-flow spanwlse-1ift distribution
was elliptical.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Sept. 10, 1957
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(2) Basic model with horizontal tail located in the middle position.

Figure 1.- Configurations of the model investigated.
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Figure l.- Concluded.
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Figure 3.- Typlcal model installation in the Ames 2- by 2-foot transonic
wind tunnel.
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Figure L.- Continued.
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Figure L.~ Continued.
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Figure }.- Continued.
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(e) Mid-wing, low-teil configuration.

Figure 4.~ Continued,
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(f) Low-wing, high-~tail configuration.

Figure 4.- Continued.
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(g) High-wing, moderately 'lorw tail configuration,

Figure 4,- Concluded.
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(a) Mid-wing, mid-tall configuration.

Flgure 5.~ Variation of 1ift coefficlent with mngle of attack for constant Mach number; boundary-
layer transition fixed.
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(b) Mid-wing, high-tail conflguration.

FMgure 5.~ Continued.
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(e) Low-wing, high-tail configuration.

! Figure 5.- Concluded.
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(a) Mid-wing, mid~-tail configuration.

Figure 6.- Veriation of pitching-moment coefficlent with lift coeffiecient for constant Mach
number; boundary-layer transitlon free.
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(b) Mig-wing, moderately high tail configuration.

Figure 6.~ Continued.
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(¢) Mid-wing, high-taill configuration.

Figure 6,~ Continued.
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(&) Mla-wing, moderately low tail configuration.

Figure 6.- Continued.
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(e) Mid-wing, low-tall configuration.

Figure 6.~ Continued.
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. (£) Low-wing, hlgh-tedl configuration.

Figum 60" cmtmued-'
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(=) High-wing, moderately low tail configuraticn.

Figure 6.~ Concluded.
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(a) Mid-wing, mid-tail configuration.

‘Figure T7.- Variation of pltching-moment coefficient with 11ft coefficlent for constant Mach
nunber; boundary-layer transition fixed.
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(b) Mid-wing, high-tall configuration.

Flgure T.- Continued.
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(¢) Low-wing, bigh-tall configuration.

Figure T.-~ Concluded.
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(a) Low-wing, high~tall configuretion.

Flgure 8.~ Variatlon of drag coefficient with lift coefficlent for constant Mach number;

boundery-layer transition free.
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(b) High-wing, moderately low tail conflguration.

Figure 8.- Concluded.
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(a) Mid-wing, mid-tail configuration.
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Flgure 9.- Varistlion of drag coefficlent with 1lift coefficient for constant Mech number;
boundary-layer traneition fixed,
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(b) Mid-wing, high-tail configuration.

Figure 9.~ Continued.
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(¢) Low-wing, high-tail conflguration.

Figure 9.- Concluded.
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(a) Mid-wing configuration.

Figure 10.~ Effect of Mach number on CLoc and CmoL of the wing-body

configurations; boundary-layer transition fixed and free.
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(c) High-wing conflguration; transition free.

Figure 10.- Concluded.
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(b) Mid-wing, moderately high tall configuration; transition free.

Figure 1l.-~ Continued. -
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(¢) Mid-wing, high-tail configuration.

Figure 11l.- Continued.
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(d) Mid-wing, moderately low tall configuration; transition free. .

Figure 11.- Continued.
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(e) Mid-wing, low-tall configuration; transition free.

Figure 11.- Continued.
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(f) Low-wing, high-tail configuration.

Figure 1l.- Continued.
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(g) High-wing, moderately low tail configuration; transition free.

Figure 11.- Concluded.
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(a) Angle of attack for tall-off 1ift coefficient of zero.

Figure 12.- Effect of Mach_number on the contributlon of the horizontal

tall to CmC ;3 boundary-layer transltion free.
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(b) Angle of attack for tail-off 1ift coefficient of 0.2.

Figure 12.~- Continued.
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(c) Angle of attack for tall-off 1ift coefficlient of 0.L. -

Figure 12.- Concluded.
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(b) Angle of attack for tail-off lift coefficient of 0.2.

Figure 13.- Effect of Mach number on the contribution of the horizontal
tail to cmCL; boundary-layer transition fixed.
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(¢) Angle of attack for tall-off 1ift coefficient of 0.k.

Figure 13.- Concluded.
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(a) Mid-wing configurations.

Figure 1lh.- Calculated and experimental values of the contribution of the
horizontal taill to CmCL at an angle of attack for tail-off 1ift

coefficlent of zero; boundary-layer translition free.



56 o | NACA RM A5TILO

-4 =
S;
-2 S n — K \.\-
A (C A ]
( mcL)"’“ i Calculated, ref, 14 A
o)
2
-
bz
—_— a5
—_——— -28
-4 e —
_2 —
AN N
A (CmcL)m" N %‘4"‘\ i \
© Calculated, ref, 14 ——
'?5 i3] g 8 8 10 Li 12 13 14 15

M

(b) Low- and high-wing configurations.

Figure 1lh4.- Concluded.
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