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RESEARCH MEMORANDUM

TESTS OF A HORIZONTAL-TAIT, MODEL TEROUGH
THE TRANSONIC SPEED RANGE BY THE
NACA WING-FLOW METHOD

By Richard E. Adems and Norman S, Silsby
SUMMARY

A-El—scale semispan model of a horizontal tail of e fighter
12 T : ’

alrplene was tested at btransonic speeds in the high-speed flow
over an sirplane wing, the surface of which served as a reflection
plane for the model. Measuroments of 1ift, slevator hinge moment,
angle of attack, and elevator angle were made in the Mach number
range from 0.75 to 1.04 for elevator deflections ranging from
10° to —10° and for angles of attack of -1.2°, 0.4°, and 3.%°,
The equipment used to measure the hinge moments of the model proved
+0 be rather unsatisfactory, and for this rsason the hinge-mcment
data are congidered to be only gualitative.

The results of the tests indicated that the elevator
effectiveness, in general, decreased as the Mach nuwbers increased
from 0,80 to 0,95. At all three angles of attack the effectiveness
became zero or reversed over an elevator—deflection range of about
4° gt Mach numbers asround 0.95. The center of this ineffective
range of elevator deflections 8  varied with angle of attack «o

from positive elevator deflections at negative angles of attack °

to negative elovator deflections at positive angles of attack.

The elevator, however, had regsined appreclable effectivensess

when sonic veloclty was reached for all elevator deflectionas, and

at a Mach number of 1.0k the mean elevator effectivensss K?CL/dS?)m

was about 60 percent of the value at a Msch number of 0.75., The
lift-curve slope kéQL/m%)m for angles of attack from 1.2° to 3.4°

deorsased gbout 40 percent as the Mach number increased from 0.75
to 0.93. With further increase in Mach number to 1..04, the slope
inoreased to gbout tho same value 1t had at a Mach number of 0.75.
The hinge-moment data, which are considered to be gualitative only,
indicated that the elevator became strongly overbalanced at Mach
pumbers between 0.91 and 0,96 and that this overbalance disappeared
before sonic velocity was attained. The slope of the hinge-moment
F
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curves beceme very steep at a Mach number of 1.04, et which the
slope wae sbout three times as large as the average slope at e
Mach pumber of 0.75.

TNTRODUCTTON

In an effort to enticipate any difficulties that might be
experienced with a full-scale airplsme in high-apeed dives a
preliminary study of compressibility effecte has been made at the
Langley Memoriael Aeronautical Laboratory of the NACA. Some
information about the problem of stability end control at high
Mech numbers haeg been determined for a semlspan model of an
elrplane as presented in reference 1. The present tests were mede
to determine the elevator effectivensss and the hinge-moment

cheracteristics of a %-scale half-gpsh model of & horizontal tail

of & fighter alrplsne at high Mach numbers by the NACA wing-flow
method. (See reference 2.)

Because of the urgent need for this informatiom, exlsting
equipment designed for measurement of 1lift, drag, and pitching
moment of alrfoils was modified to memssure the control characteristics
of the mecdel, Numerous difficulitles were encountered in the uwse
of this equipment, especielly for the determination of elevator
hinge mements., Some Information on the effectlveness of the control
and some qualitative indicatlions of the change of hinge-moment
characteristics with Mach number were obtained, however, and are
congldered to be of general Interest, particularly because the tesis
covered the speed range including sonic veloclty. Measurements of
1ift and elevetor hinge moments were made for elevator deflections

a.ng:t_ng from -10¢ to 10° with angles of attack of -1.2° s .1&0
and covered a range of Mach numbers from 0.71L to 1.05.

SYMBOLS

The follewlng sywbols apply tc the model mounted on the airplsne
wing:

o -angle of attack
t tell thicknesas
c tall chord
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deflection of elevator

elevator chord, behind hinge line

root-meen-square chord of elevator, behind hinge line
distance along chord from leadling edge

ordinate of sectlon profile

area of semispan tall

area of semlspan elevator, behind hinge line

mean thieckness chord ratlo

mean ratio of elevator chord to tail chord

hinge moment of elevaﬁor

it

effective dynamic préssure of flow over model

effeotive Mach nu.mber of flow over model

" Reynolds number based on mean aerodynamic chord of

3. 36 inches
aspec-’c ratio
it coefficient (L/qS) o
elevator hinge-moment coefficlent (H/qbcee)

mean elevator effectiveness (change in ©y divided by
change in B over glven range of Bg)

mean stabilizer effectiveness (cha.nge in C; divided by
change in o for given range of o)

The followlng symbols refer to the airplane on which the model was

mounted:

Zg,

chordwise distance along surface of sirplane wing.

distance normal to surface of airplane wing
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Ay local dynamic pressure nesr surface of alrplane wing
a at distance =x, along surface

M, local Mach number near surface of airplens wing at
a digtance x, along surface

CLa elrplane 1ift coefficlent

M, £1light Mach nuuber

Po free-stream statlc pressure
A.'Pf’ARA'I’US, METHOD, AND 'JzEs'rs'

The tests were made by the NACA wing-flow method of reference 2,
in which the model 1s mounted in the region of high-speed flow over
the wing of an alrplanse. A P-31D airplane was used. for the tests.

The semlspan model was mounted over the smmunition-compartment
door of the airplane, as shown in figures 1 and 2. The model, which
wvag cut from brass, nad the following gequetrie characterlstica:

Tail: C e e
Area., S (semispan), Bqua.re inOhBB P 19-6
Root. chord of t&il inches . . 4 & s s e 0 8Te 8 & B s s » Ll'ole
Tlp chord of t&il 1nches s o o & &4 8 2.8 s 8 9 B 8 8 0w 2.28
Mean a.erodynamic Ghord. InChel o+ o ¢ ¢ o ¢ 6 ¢ s ¢ s o 2 & 3.36
Semispan, IncheS & 4 ¢ » o s 5 v s o ¢ ¥ 6 6 % oo 8 & o o & 6025
'I'aper TEELO ¢« ¢ ¢ o o ¢ 4 o o ¢ 06 8 ¢ o 8 6 0 s 2 v v b o 1'8131
Aspect ratlo (wing surface consldered ag - o

reflsction _plane) s s s s 2 0 s s s s st s s e e 3.9
Elevator:
A—rea, Se (semi_spa.n)_-,_;sq_ua.re _inGhBB s e e @ T8 K e o @ @ 7.’-]—2
Chord &t root, .iNCheS .e.e s ss o o o o s s.6 5 s o o o » 142
Chord at tip, inch 3 e e @ . ¢ s v7e & a8 6 8 9 s 8 s e & 0073
Root?m-sq_uare Chord.’ mch@s LR I L A B R 1-09

Profiles of sections of the model measured at three spanwise

statlone are compared in figure 3 with the design profiles.: .

Measured ordinates of the tall are given in table I. Errors of -
congtruotion resulted in a slight displacement of the elevator

hinge axis from the chord.line toward the upper surface as shown In
figure 3. The size of the gap between the stabilizer and elevator,
which wee unsealed, was not measured directly. but.is indicated a.pproxi-
metely on the profiles of figure 3 for the no-load condition. Because
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.of bending of the slevator with the application of 1ift loads, the
geps and the elevator hinge-axils locatlon probably varied somewhat

during the tests.

A circular end plate with a cut-out to provide for movement
of the elevaetor was attached to the root of the stabilizer as shown
in figures 1 end 2. A smallor plate was secured ‘o the root of the
elevator to minimize the flow of alr through the cut-out in the main
end plate.

The shank of the model passed through the ammumnition-comparitment
door and was mounted on & balance arranged to measure 1ift force end
elevator hinge moments. The balance arrangement was an adaptation
of existing equipment designed for meesurement of 1ift, drag, and
pitching moments of airfoils and proved to be rather unsatisfactory,
for determination of hinge moments. Conseguently, there is some
uncertainty as to the accuracy of the hlnge-moment data obtalned.
Provisions were made to measure the angle of the eleva'bor ag 1t weas
oscillated through a range of angles from -10° to 10° at a rate
of 18 per second, wnich for the full-scale alrplane would correspond
to 1%‘ per second. ‘The sta.'bilizer was fixed at & given angle for
each flight. The accaracy of the elevator a.ngles 1s of the order

of "'8 .10 s Whereas 'bhe accura.cy of the stabllizer a.ngle is approxima.tely
10.27

The d.irec’cion of 1oca.l elr flow was determined by uee of &
free-floating vane of wedge-shape cross section mounted 22.5 inches
outboard of the model station. (See fig. 2.) Osciliation of the
elevator had no measurable effect on the direction of alr flow at
the vane; hencve, there was probably no appreciable interaction. The
divection of the looel sir flow at the modsl stabtlon relative to
the flow direction at the reference vene was determined in a test .
with & gimilar vane arrangement mounted a.'b _the model sta'l:ion, as
shown in figure 4,

The relatlion of Mach number of the local air flow close to
the wing surface to the Flight Mach number and to the alrplane 1ift
coefficient was estadlighed from pressure méasurements with static-
pressure orifices flush with the wing surface in tests before the
model was mounted on the ammunition-compartment door, The conbtour
of the door has been modified since the tests of reference 2 to
cause formation of shock at a more reerward chordwige position and
thereby to prevent the passage of ghock over the model. Typlcal
chordwise distributions of Mach number over the test reglon are shown
in flgure 5 for several flight Mach nunibers M, and airplane lif'b

coeffioien'be CIa. Because of the chord.wise varia'bion in dynamic
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pressurs and Mach number over ‘the wing surface at the model statlon,
the values  § and M used In the evaluation and presentation of the
date were determined e.ccoro.ing to the relations:

0.97
g ff‘lxa O dzg

ﬁ:...,..°9"ff and.x azg

where the integrals were taken over the aresa occupled by the model
and dx, dzg - represents an slement of this area. The factor 0.97

which takes approximate account of the d.ecreese in the induced velocity
with distance from the wing surface was determined. ‘from an incomplete
1nvest1ga.tion of the ve¥iation of statid pressure with distance -
from the wing surface. The variations of - ‘c_i_/po end M with. CIB,

were .esteblighed from tests with the model off and. were . considered to
epply for the tests with the model in, place. The effects of the
pressure gradlents in the test reglon ofl the model charscteristics
are not known. The effect of the wing boundary layer on the model
test results 18 belleved to be small since. unpublished Tlight data
obteined at high speeds on a P-S1 airplane wing indicete that the
boundary -leyer thickness at the model test station would be only
about 3 or 4 percent of the model span, - -

'I.‘ests were mad.e w'.!.'bh sngles of attack: of -1.2° O.1+o and 3.4°
and with elevator deflections from ~10° %o 10°, The meastrements
were made . in high-speed. dives from an: altitud.e of 28 000 feet .to
22,000 feet. The effective Mach numbera M of the flow at the
model station rerged from.0.75 to 1.0k and the Reynolds num‘bers R
from 0,6 X 108 to 0,84 X 106.” The variation of Reynolds number with
Mach number for the tests with various etebilizer pettings 1s shown
in figure 6. In the tests simultaneocus photographic records were
obtalned .of the elevator angle of the model, the angle of the reference
vene, lift force of the model,. hiage-momen‘b of the elevator of the .
model, free- strea.m glatic pressure, free- strea.m 1mpact pressure, and
normal acceleration o:E' the airplane. .

-.msmmmxon OF,RESUI:J:S_-_ -

The results of the teets 2 covering the ra.nge of Mach num‘bers '
from 0.75 to 1.0k, mre presented in figures 7 to 1l. .The variation
of 1ift coei‘ficien'b Cp, with effevtive Mach nunmbelr ‘W Tor various
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slevator deflsctions at each of the angles of attack of -1.2°, 0.49,
and 3.,4° are shown in flgure 7. The curves of figure 7 were Sbtained
by cross-plotting time histories of Cp, 8,, «, and M. The

variation of 11ft coefficlent with elevator deflectlion is presented

in Pigure 8 for the three angles of attack and for various Mach numbers.
The. mean rate of change of the 11ft coefficient with elevator g,eflecgion
{301/aBe)  ~ for elevetor deflections from 0% to -4°'and from O %o 4

are plotted in figure 9 against effective Mach nunber for the three
: angles of attack. The mean rate of change of 1ift ooefficient with
angle .of attack QlCL /du,) over the range from -1.2° to 3.4° 1s plotbed

against Mach number in Tigure 10 for elevator nesubtral. Because of -
the previouely mentloned difficuliies in obtaining elevaetor hinge
moment date with the equipment used for these tests, hinge-moment
coefflcients were determined only for 'bhe angle of attack of 0.4° over
the elevator deflection range from -10° to 3°. These results, which

.are considered to be gqualitative only, are presented in figure 11

‘a8 plots of hinge-moment coefficient a.gainst elevator deflection for

_ various Mach numbers. These curves also were obteined 'by cross-
plotting time histories of the o‘oservod da:ba..

Values of \a.cL faa}, end QiCL fase ), - from the tests in +he

Langley 8-foot’ high—speed tunnel of a model of the horizontal 'bail
of a typical high-speed bomber (reference 3) are plotted against
Mach number in figure 12 for comparison with results from the
present tests of the tail model. The lift—curve slopes \acy_, ,aa -

were taken for the elevator—nsutral condition and over the range of
angle of attack of 1° to -1° for the tunnei  tests and for the range
of angle of attack of -1.2° to 3. 4° ror the wing~flow tests., The
slopes {dCy, jd.& ) were taeken for & = 0° and’ over the elevator—

deflection range of l° t0 —1° for the tunnel tests and for 'bhe
angle of attack of 0.4° over the eleva‘bor—deflection range of  4°
to —’-l- for the wing—flow 'bea'bs. :

. DISCUS STON OF RESULTS

. The resulis pregented in figure 7 indicate that serious losses
in 1ift of the model for given angles of atteck and olevator deflection
did not ocour until a Mach number of at least 0.80 was attained. At
higher Mach numberg the most marked change in the 1ift characteristios
of the model was in the effsectiveness of the elevator which, for part
of the deflection range (depending on the angle of attack), became
zero and reversed at Mach numbers of 0.90. to 1.00., (See fig. T.) .
The complete loss or reversal of the control effectivensss generally

R
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occurred over a yange of elevator angles of about 3° or ho as shown
in flgure 8 the center of this range varied from aboutb 1° at en
angle of at'back of ~1.2° to about ~3° at an angle of attack of 3. 14°,
The asymmetry of the curves of figure 8 is probably due partly to the
dissymmetry of the model elevator and is probably indicative of the
unsyrmetrical varietiona of elevator effectivensss thet may be
encountered in flight due to asrodynamic distortion of the comtrol
surfaces and possible manufacturing errors. The largs influence of the
angle of attack of the effectlvensss of the elevator at Mach numbers
approaching 1.0 is further illustrated in figure 9.. For the elsvator
deflection range from 0° to L° the value of (80 /a8e %n at Mach

numbere near 0.95 was almost zero for the 0.%4° angle-of-attack con-
dition and was negative for an angle of attack of =1.20 vhereas, for
an angle of attack of 3.4%, the loss in elsvator effectiveness was
relatively moderate over the Mach number range. With the oelevator
deflected from 0° to =4°, howsver, the velue of \&r, /d.'c‘ze ), Eor an

angle of attack of 3.4t decreased repidly at Mach numbers beyond 0.80
and became negative at Mach numbers near 0.95. The elevator effective-
ness for an angle of attack of 0.4° was also reversed at Mach numbers
around 0.95 for this elevator-deflection range , bubt with an angle of
attack of -1.2° goms effectiveness was maintainsd through this critical
Mach number range. At sonic velocity positive elevator effectiveness
had been regained for all condiiions and at & Mach number of 1. o4 the
variation of 1ift coefficient with elevator deflectiocn was almost
linear throughout the deflection range. (See fig. 8(g)s) For this
Mach mmber the valnes of 4CrfdBe for the deflection range from =-4°
to 4° averaged about 60 percent of the values obtained at & Mach number
of 0.75. Tests of a half span model of an alrplane at transonic speeds,
reported in reference 1, alsc indicated & tobal loss in elevator
effectiveness at Mach mmbers near 0.93 and a recovery of poglitive
elevator effectiveness at a Mach number of unity.

The average lift-curve slope of +the model dCy /da cver the angle-
of-attack rangs from =1.2° to 3.4°, elevator neutral (fig. 10),
decreased from 0.066 at a Mach number of 0.75 to a minumumm of 0.039
at a Mach muwber of 0.93. At Mach numbers of 1.0 and 1.0k the 1lift-
curve slope had approximately the same velue ag at a Mach number of 0.75.

The slope of the curves of elevator hinge-moment coefficient
againet elevator deflectlon shown in figure 1l tended to become flatter
over the deflectlon range fram 0° to =-6° as the Mach number was increased
from G.75 to 0.91. The elevator became strongly overbalanced at a
Mach number of 0.96, which was sbout the same value at which the
greatest 10ss in effectiveness of the elevator occurred. Ab thle Mach
nunber the elevator had a siable Floating position at -8° which was
indoubtedly determined to soms extent by the dissymmetry of the model
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caused by construction errors. (See fig. 3.) The slopes of the
hinge-moment curve were very steep at the floating position and at the
unstable zerd hinge-moment position, wvhich suggests that 1t would be
very difficult to hoid the elevator of the full-scale alrplane at
other than the flo&ting positions by manual controi. As the Mach
number was increesed from 0.96 to 1.00, the overbalarsy disappeared
and at a Mach number of 1.04 the veriation of hinge-moment coefficlent
with deflectlion was almost lineer throughout the deflectlon range
with a slope at least three times 2e great as the average slope at a .
Mach nunber of 0.T75. Although difficultles encountered in the
measurement of the hings moments indicate that the guantitatlve values
are subject to some error, the data are belleved to be sufficiently
correct to determine 'bhe general shapes and -trend.s of the curves.

Resulte of tests in the Ianglsy B8-foot high speed tumnsl of a
model of the tail of a high-speed bomber (reference 3} showed a. |
rapid decresase in elevator effectiveness, as represented by @CL /d.&e)

at Mach numbers ebove 0.85 similer to that obtained in the present
tests of the tail model. (See fig. 12.) The tummnel tests also
indicated, as did tne present tests, that the loss in effectlveness
of the sta.biiizer, represented by KG.CL/dm) , &t supercritlcal speeds,

although substantlal, wee much less severe than the loss .in slevator
effectiveness. The dif.;erences in the absolute values of the effective-
neas of the ctabilizer and eslevator from the tunnel tests and from
the present tests is probably largely due to the differences in the
thickness-chord ratio of the two models and to the fact that the
tests of the bomber-taill model were made with a sealed elevator,
whereas the elevator of the tail model of & fighter airplans was
unsealed, Other possihle sources of differencee are the different
chordwise velccity gradients in the flow fields ebout the models, the
different Reynnlds numbers, and the differences in the ‘boundary
conditions of the flow for the two test methods.

| CONCIUSIONS

The results of the tests on a -%-scal_e,__ semispan model of a
horizontel tail of e fighter airplane indicated thats :

1. The elevabor effectiveness in general decreased as the Mach
munber increased frcsm 0.80 to 0.95. At all three angles of attack
(~1.2°, 0.4°9, and 3.1°) the effectiveness became zero or reversed over
an elevator—deflection range of sbout 4° at Mach numbers around 0.95.
The center of this ineffective range of elevator deflections varied with
angle of attack fram positive elevator deflectlons at negetive angles
of attack to negative slevator deflections at positive angles of attack.
The elevator, however; had regained asppreclable effectiveness by the

i,
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time sonic veloclty was reached for all elevator deflections, and at
a Mach number of 1,04 the mean elevator effectiveness \ch/ase)m .

was about 60 percent of the value &t a Mach number of 0.75.

2., The lift—curve slope dCL/dm for anglea of sltack from

-1.2° to 3.4° decreased about 4O percent as the Mach nuwber increased
from 0,75 to 0.93, With further incresss in Mach number to 1.0k the
slope increased to about the same value it had at a_Mach nunber of

0.7?.

3. The hinge-moment data, which are considered to be gualitatlve
only, Indicated that the elevator became strongly overbalanced at
Mach numbers between 0.9l and 0.96 and that this overbalance disap—
peared beforo sonic veloclty was atteined. The slope of the hinge—
mcment curve became very stéep at a Mach number of 1.04 at which the
slope was sbout three timeg as large as the average slope at & Mach
number of 0,75, '

Lengley Memorilal Aerocnsutlcal Laboratory
National Advisory Committos for Aeronautics
Langley Fleld, Va.
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TABIE T

HORIZONTAL TAIL ORDINATES

MEASURED FROM MODEL

‘[étations and ordinates in percent choré]

Ordinate
Statlon Root T4p
7 (a) (v)

. Upper Lower Upper ILower
surface surface surface surface

0 0 0 o} 0
1.25 | 1.32 -1.12 1.23 «1.11
2.5 1.96 -1l.71 1.75 -1.62
5.0 2.87 -2.68 2.54 2.1
T.5 3.52 -3.36 3.13 -3.01
10 3.95 -3.84 3.56 ~3.46
15 k.57 -l U7 L.11 -k.10
20 4,87 -14.82 L.50 -k .5k
25 ,'l"98 "LI'-95 h-sg "ho?h—
30 k.95 -5.02 k.73 -4 ,80
Lo h.62 -k .81 h,56 -k .66
50 k.02 -k.31 4.15 k.11
€0 3.30 -3.70 3.75 -3.95
65 2.75 -3.27 3.51 -3.58
70 3.3k -3.75 3.58 -k.05
5 3.32 -3.62 3.60 k.13
&0 2.4 -3.12 3.3% -3.67
85 2.26 -2,36 2.70 -2.96
90 1.48 -1.51 1.93 2,12
o5 T - .62 1.13 -1.12

100 o] 0 s 0

ELMea.sured. 0.55 inch' outboard of end plate.
PMeagured 5.75 inches outboard of end plete.

NATIONAL ADVISCRY
COMMITTEE FOR AERONAUTICS
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Flow

COMMITTEE FOR AIRONAUTICS

Figure 1l.- Sketch of Tég-scale, semispan model of the horizontal

tall of a fighter airplane. (All dimensions are in inches)
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Figure 2.- Semispan Tég-scale model of horizontal tail of

a fighter airplane mounted over ammunition-compartment
door of airplane wing. Reference vane mounted outboard
of model.
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Figure 3.- Comparison of measured ordinates with design
ordinates. The chordwise location of the elevator hinge
axis is shown by the vertical broken lines. Angle of
attack and elevator deflection taken as positive for
clockwise rotation of the surfaces.(Ordinate scale 2.5

iy times abscissa scale.)
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flow direction at model station.

Figure 4.- Arrangement of free-floatlng vanes for aetermination of
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Figure 5.- Typical chordwise distributions of Mach number over
airplane wing in test region with model off for several flight
Mach numbers M, and airplane 1lift coeff1c1ent.s CL Sketch
below curve shows chordwise position of model on w1ng surface.
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NACA RM No. L7C25a Fig, 7
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Fig. 9 NACA RM No. L7C25a
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NACA RM No, L7C25a Fig. 12
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