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RESEARCH MEMORANDUM

TESTS OF A HORIZONTAL-TAIL MODEL THROUGH
THE TRANSONIC SPEED RANGE BY THE
NACA WING-FLOW METHOD

By Richard E. Adams and Norman S, Sllsby .
sﬁmm& .

A-jl—scale semispan model of a- horizontal tail of a fighter
12 .

-airplane was tested at transonic speeds in the high—speed flow :
over an airplane wing, the surface of which served as a reflection
plane for the model. Measurcments of 1lift, elevator hinge moment,
angle of attack, and elevator angle were made in 'the Mach number -
range from O 75 to 1,04 for elevator deflections ranging from
10° to -10° and for angles of attack of -1.2°, 0.4°, and 3. 40,
The equipment used to measure the hinge moments of the model proved
to be rather unsatisfactory, and for this reason the hinge-mcment
data are considered to be only qualitative.‘,' N -

The reeults of the tests indicated that the elevator
effectiveness, in general, decreased as the Mach numbers ‘increased
from O, 80 to 0,95, -At all three angles of attack. the effectiveness
became zero or reversed over an elevator—deflection range of about
4O gt Mach numbers. around 0.95. The centér of this’ ineffective N
range of elevator deflections 8y varied with angle of attack - &'

from positive elevator deflections at. negative angles of attack
t0 negative slovator deflections at p051t1ve angles of attack,
The elevator, however, had regained appreciable effectiveness
when sonic velocity was reached for all elevator deflectlons, and

at a Mach number of 1.04 the mean elevator effectiveness &FCL/dse
m

was about 60 percent of the value at a Mach number of 0.75. The
lift—curve slope \ch /da.) -for- angles of attack from 1.2° to 3. h°

decreased about 40 percent as the Mach number increased from O 75
to 0.93. With further increase in Mach number to 1. 0ok,. the slope
increased to about the same value it had at a Mach number of 0.75.
The hinge-meoment data, which are considered to be gualitative only,.
indicated that the elevator became strongly overbalanced at Mach
numbers between 0,91 and 0.96 and that this overbalance. disappeared
before sonic velocity was attained. The slope of the hinge—moment
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2 EONFIDENTIAL = NACA RM No. L7C25a

curves became very steep at a Mach number of .04, at which the
alope was about three times as large as the average slope at a
Mach number of 09750

INTRODUCTION

In an effort to anticipate any difficulties that might be
experienced with a full-gcele airplene in high-speed dives a
preliminary study of compressibility effects has been made at the
Langley Memorial Aeronautical Laboratory of the NACA, Some
information about the problem of stebility and control at high
Mach numbers has been determined for a semispan model of an
alrplane as presented in reference 1. The present tests were made
to determine the elevator effectiveness and the hinge-moment

characteristics of a'{%-scale helf-span model of a horizontal tall

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

Because of the urgent need for this information, existing
equipment designed Yor measurement of 1ift, drag, and pitching
moment of airfoils was modified to measure the control characteristics
of the model. Numerous difficulties were encountered in the use
of this equipment, especially for the determination of elevator
hinge mements. Some information on the effectiveness of the control
and some qualitative indications of the change of hinge-moment
characteristics with Mach number were obtained, hovever, and are,
considered to be of general interest, particularly because the tests
covered the speed range including sonic velocity. Measurements of
. lift and elevator hinge noments were made for elevator deflections

renging from -10° to 10° with angles of attack of -1.2°, 0 40, and

and covered a rangs of Mach numbers from O 7h to 1.05. - *

“SYNBOIS
The follcwing synmbols apply tc the model mounted on the airplane

wing:

(4 angle of attack

t "tail thickness
c tail chord

CONFIDENTIATL
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=l

)
ac. /as )
\ L/ €/

()

.. deflection of elevator

elevator chord, behind hinge line

' root»meannsquare chord of elevator, behind hiage line

distance along chord from leading edge
ordinate of section profile

area of ‘semispan tail

area of semispan elevater, behind hinge line
mean thickness chord ratio

mean ratio of elevator chord to tail chord

hinge moment of elevator |

et o

effective -dynamic pressure of flow over model

effective Mach number of flow over model

i Reynolds number based on mean aerodynamic chord of

3. 36 inches
aspect ratio
1ift coefficient (‘L/qs)
elevator hinge—moﬁent eoeffieiert. (H/qb662>

mean elevator effectiveness (changs in- Cy divided by
change in 8, over given range of Bg) |

mean stabillzer effcctiveness {change in CL divided by
change in o for given renge of «q)

The following symbols refer to the alrplane on’ which the model vas

mounted:

X

Zg.:

,chordwise.¢istan0e along_surfacejof_airplane ving .

 distance normal to surface of airplane wing

CONFIDENTTIAL
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Ay local dynamic pressure near surface of airplane wing
a ' at distance x, along surface

My locel Mach number near surface of airplane wing at
a distance x, along surface

CLB ‘elrplane 1ift coefficient

My £light Mach number

P, A free-stream static pressure

APPARATUS, METHOD, AND TESTS

The tests vere made by the NACA wing-flow method of reference 2,
in which the model is mounted in the region of high-speed flow over
the wing of an airplane. A P-51D airplane was uged for the tests.

The semispan model was mounted over the ammunition-compartment
door of the airplane, as shown in figures 1 and 2, The model, which
wvas cut from brass, had the following geometric characteristics:

Tail: ‘ o , L. )
Area, S (semispan), square INChES o + o o o ¢ s o o o o o o 19.6
Root chord of tail, inches. « o o« o « o o0 8 ¢ ¢ o s o o« K12
Tip chord Of tail inChes o'o . .:0;. Q;! . 6:. e s 8 s 0 s 2.28
Mean aerodynamic Chord INCHEB « o oo o o s 0 o ¢ s o o o 3-36
Semispan, Inches & ¢« o s o ¢ ¢ s o o LI I ) . "0 s s o e o 6925
T&per Yatio o e ¢ o o ¢ o o o 0 0 « o ;lo.o ¢ s 8 0 o s @ lcalgl

Asgpect ratio (wing gurface considered.qsf_ e
reflection plane) © o @ & 8 6 6 6 8 6 6 0 s e 8 s e % 3.99

Elevators :
Area, Sg (semispen), square IncChes .+ o o o.0 o o o 00 a0 Tob2
Chord at root inCheB . o v e e o‘; . g_cio e ¢ 2 e o & o lvhe
Chord at tip, inCh 3 6 8 o o .'; o e o @ ;:o e ¢ o o o o o 0073
Root-mean-square chord, incheS8 o+ o o o s ¢ ¢ ¢ o ¢ o o o« 1.09

Profiles of sections of the model measured &t three spanwise

stations are coupared in figure 3 with the design profiles,

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

hinge axis from the chord line towvard the upper surface as shown in
figure 3. ‘The size of the gap between the stabilizer and elevator,
vhich wes unsealed, was not measured directly but is indicated approxi-
mately on the profiles of figure 3 for the no-load condition. Because

CONFIDENTIAL
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of bending of the elevator with the application of 1lift loads, the
gaps and the elevator hinge-axis location probtably varled somewhat

during the tests.

A circular end plate with a cut-out to provide for movement
of the elevator was attached to the root of the stebilizer as shown -
in figures 1 and 2. A smeller plete was secured to the root of the
elevator to minimize the flow of alr through the cut-out in the mein
end plate.

The shank of the model passed through the ammmnition-compartiment
door and was mounted on a balance arranged to measure 1lift force and
elevator hinge moments, The balance errangement 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. Consequently, there is some
uncertainty as to the accuracy of the hinge-moment data obteined.-
Provisions were made to measure the angle of the elevator as it was
oscillated through & range of angles from -20° to 10° at'a rate - .
of 182 rer second, which for the full-scale airplane would correspond
to l}
each flight. The accuracy of the elevator angles ‘is of the order
of -8 .1° , vhereas the accuracy of the stabilizer angle is approximately
+O.2 . .

per second. The stabilizer was flxed at a glven angle for "

The direction of local air flow was determlned by use . of a- ‘
free-floating vane of wedge-shape cross section mounted 22.5 inches
‘outboard of . the model station. (See fig. 2.) Oscillation of the
elevator had no measurable effect on the direction of air flow at
the vane; hence, there was probably no eppréciable interaction. -The
direction of the local air flow at the model station rélative to .
_the flow direction at the reference vene was determined in a test
-with a similar vane arrangement mounted at the model station, as
shown in figure k4, :

. The relation'Of‘Mach number of the local air flow close to
the wing surface to the flight Mach number and ‘to the airplene 1ift
coefficient was established from pressure ‘measurements with static-
pressure orifices flush with the wing surface in tests before the -
model was mounted on the ammunition-compartment door. The contour
of the door has been modified since the tests of reference 2 to
cause formation of shock at & more rearward chordwise position and
thereby to prevent the passage of shock over the model. Typicel
chordwise distributions of Mach number over the test region are shown
in figure 5 for several flight Mach numbers M, and airplane 1lift

'coefficients CLa' Because of the chordwise variation in dynamic

- CONFIDENTFAL
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pressure and Mach nurber over the wing surface at the model station,
the values § and M used in the evaluation and presentation of the
data were deteruined according to the relations:

—.o9t /. P

‘q *g—ij/jj/qxa dxa dz,
0.97 [ I

S [ 50

where the integrals were taken over the area occupled by the model
and dxy dzg represents an element of this area. The factor 0.97
which takes approximate account of the decrease in the induced velocity
wvith distance from the wing surface was determined from an incomplete
investigation of the variation of static pressure with distance

from the wing surface. The variations of §/p, and M with' Cry

vere established from tests with the model off and were considered to
apply for the tests with the model in place. The effects of the
pressure gradients in the test region on the model characteristics
are not known. The effect of the wing boundery layer on the model
teat results is believed to bPe small since unpublished flight data
obtained at high speeds on a P-51 airplane wing indicate that the
boundary-iayer thickness at the model test station would be only
about 3 or 4 percent of the model span.

M

Tests were made with angles of attack of :1. 2°, 0,4°, and 3.4°
and with elevator deflections from -10° to 10°, The measurements
were made in high-speed dives from an altitude of 28,000 feet to
22,000 feet., The effective Mach numbers- M of the flow at the
model station ranged from 0,75 to 1.04 and the Reynolds numbers R
from 0.6 x 106 to 0.8% X 100, The variation of Reynolds number with
Mach number for the tests with various stabilizer settings is shown
in figure 6. In the tests simultaneous photographic records were
obtalned of the elevator angle of the model, the angle of the reference
vane, 1ift force of the model, hinge-moment of the elevator of the
model, free-stream static pressure, free-stream impact pressure, and
normal acceleration of the airplane.

PRESENTATION OF RESULTS

The results of the tests, covering the range of Mach numbers
from O, ™ to 1. Oh are presented in figures 7 to 1l. The variation
of 1ift coefficient CL ‘'with effective Mach number M for various

‘CONFIDENTIAL
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elevator deflections at each of the angles of attack of -1.29, 0.4°,
and 3.4° are shown in figure 7. The curves of figurs 7 were cobtained
- by cross-plotting time histories of Cp, By, «, and M. The

variation of 1ift coefficient with elevator deflection 1s presented

in figure 8 for the three angles cf attack and for varioue Mach numbers.

The mean rate of change of the 1ift coefficient with elevator %eflection
ch/da m. for elevator deflections from 0° to -4° and from 0° to &°

are plotted in figure 9 against effective Mach number for the three
angles of attack. The mean rate of change of 1ift coefficient with
angle of attack (?CL/&q) over the range from -1.20 to 3.4° 1s plotted

againgt Mach number in figure 10 for elevator neutral. Because of

. the previously mentioned difficulties in obteining elevator hinge-
moment date with the equipment used foi these tests, hinge-moment.
coefficients were determined only for the an§1e of attack of 0.4° over
the elevator deflection range from -10° to 3°, These results, which '
are considered to be qualitative only, are presented in figure 11

- as plots of hinge-momeat coefficient against elevator deflection for
various Mach numbers. Thege curves also were obtained by cross-
plotting time histories of the observed data.

Values of QicL /dc, )m and (SCL /dS )m frem the tost in the

: Lanéley 8-foot high—-speed tunnel of a model of the horizontal tail
of a typical high-speed bomber. (reference 3) are plotted against.
Mach number in figure 12 for comparison with results from the :
present %ests of the tail model. The lift—curve slopes. ch/mx

were. taken for the elevator-neutral condition and over the range of
angle of attack of 1° to -1° for the tunnel tests and for the range
of angle of attack of -1.2° to 3. 4° for the wing-flow testé, The
slopes '&?CL/dS } . were.taken for o = 0° and over the elevator—.

deflection range of 1° to —1° for the tunnel tests and for the
angle of attack of 0,4° over the elevator-deflection rarge of 40
to —h for the wing—flow tosts, »

DISCUSSION OF RESULTS

The results presented in figure 7 indicate that serious losses
in 1ift of the model for given angleés of attack and elevator deflection
d1d not occur until a Mach number of at least 0. 80 was attained. At .
higher Mach numbers the most ‘marked change in the 1lift characteristics
of the modsl was in the effsctiveness of the elevator which, for part
of the deflection range (depending on the &angle of attack), became
zero and reversed at Mach rumbers of 0.90 to 1,00. (See fig. 7.)
The complote loss or reversal of the control effectiveness generally

CONFIDENTIAL
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occurred over a range of elevator angles of about 3° or 4° as shown
in figure 8 the center of this range varied from about 1° at an
angle of attack of +1.2° to about -3% at an angle of attack of 3. 1°,
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
unsymmetrical varietions of elevator effectiveness thzt may be
encountered in flight due to aerodynamic distortion of the control
surfaces and possible manufacturing errors. The large influence of the
angle of attack of the effectivensss of the clevator at Mach numbers
approaching 1.0 is further illustrated in figure 9. For the elevator
deflection range from 0° to 4° the value of \éCL/dﬁ at Mach

numbers 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 whereas, for
an angle of attack of 3.4°, the loss in elevator effectiveness was
relatively moderate over the Mach number range. With the slevator
deflected from 0° to =4°, however, the value of | \?CL/EBQ) for an

angle of attack of 3.4 decreased rapidly at.Mach numbers beyond 0.80
and became negative at Mach numbers near 0.95. The elevator etfective-
ness for an angle of attack of 0.4° was also reversed at Mach numbers
around 0.95 for this elevator-deflection range, but with an anole of
attack of -1.2° some effectiveness was maintained through this critical
Mach number range. At sonic velocity positive elevator effectiveness
had been regained for all conditions and at a Mach number of 1.04 the
variation of lift coefficient with elevator deflection was almost
linear throughout the deflection range. (See fig. 8(g).) For this
Mach number the values of : dCr/dde for the deflection range from =4O

to 4° averaged about 60 percent of the values obtained at a Mach number
of 0.75. Tests of a half span model of an airplane at transonic speeds,
reported .in reference 1, also. indicated a total loss in elevator
effectiveness at -Mach numbers near 0.93 and a recovery of p081tive
elevato“ effectlveness at a Mach number of unlty.

‘The average lift- -curve g8lope of the model ac /da over the angle-
of -attack range from -1.2° to 3.4°, slevator neutral (fig. 10),
decreased from 0.066 at a Mach number of 0 75 to a minumum of 0.039
at a Mach number of 0.93. At Mach numbers of 1.0 and 1.0L4 the lift-
curve slope had approximately the same value as at a Mach number of 0.75.

- The slope of the curves of elevator hinge-moment coefficient
against elevator deflection shown in figure 11 tended to become flatter
over the deflection range from 0° to -6° as the Mach number was increased
from 0:.75 to 0.91. ‘The elevator became strongly overbalanced at a
Mach number of 0. 96 ‘which was about the same value at which the
greatest loss in effectivéness of the elevator occurred. At this Mach
number the elevator had a stable floating position at -8° which was
undoubtedly determlned to some extent by the d1ssymmetry of the model

CONF IDENTTAL
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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
unsteble zero hinge-moment position, which suggestes that 1t would be
very difficult to hold the elevator of the full-scale airplanc at
other than the floating positions bty manual coutrol. As tlie Mach
nunber was increased from 0,96 to 1.00, the overbalancs disappeared
end at a Mach nuber of 1.04 the variatlon of ninge-moment coefficilent
wlth deflection was almost linear throughout the deflection range .
with a slope at least three times as great as the average siope at-a
Mach nunmber of 0.75. Although difficulties encountered in the
measurement of the hinge moments indicate that the quantitative values
are subject to some error, the data are believed to be sufficiently
correct to determine the general shapes and trends of the curves.

Results of tests in the Langley 8-foot high- speed tunnel of a.
model of the tail of a high-speed bomber (reference 3) showed a
rapld decrease in elevator effectiveness, as represented by \§CL/E69)

at Mach numbers above 0.85 similar to that obtained in ‘the present
tests of the tail model. (See fig. 12.) The tunnel tests also
Indicated, as did tnhe present tests, that the loss in effectiveness
of the stahilizer, represented by K@CL/do)m,Aat supe reritical speeds,

altkough substantial, was much less severe than the loss in elevator
effectiveness. The differences in the absolute values of the effective-
ness of the stabilizer end elevator from the tunnel tests and from
the preseat tests 1s 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-tail model were madé with a sealed elevator,
whereas the elevator of the tail model of a fighter airplane was
ungealed, Other possihle sources of differences are the different
chordwise velocity gradients in the flow fields about the models, the
different Reynolds numbers, and the differences in the boundary
conditions of the flow for the two test methods.

‘CONCLUSIONS -~

The results of the tests on a f%-scale, semispen model of a
horizoatal tail of & fighter airplane Indicated thats

1. The elevator effectiveness in general decresased as the Mach
number increased fram 0,80 to 0.95. At all three angles of attack
(-1.29 0.49, and 3.4°) the effectiveness became zero or reversed over
an elevator-deflection range of about 4 at Mach numbers around O, 95.
The center of this ineffective range of elevator deflections varied with
angle of attack from positive elevator deflections at negative ahgles
of attack to negative elevator deflections at positive angles of attack.
The elevator, however, had regalned appreciable effectiveness by the

CONFIDENTIAL
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time sonic velocity was reached for all elevator deflections, and at
a Mach number of 1.04 the mean elevator effectiveness \?CL/dae)
m

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

2. The lift—curve slope dCL/da “for angles of at*ack from

-1.2° to 3.4° decreased about 40 percent as the Mach number increased
frem 0,75 to 0,93, With further increase in Mach number to 1.04 the
slope increased to about the same value it had at a Mach number of

00750 ) . . o

3. The hinge-moment data, which are considered to be qualitative
only, indicated that the elevator became strongly overbalanced at
Mach nuubers between 0.91 and 0,96 and that this overbalance disap—
peared beforo sonic velocity was.attained., The slope of the hinge-—
moment curve became very steep at.a Mach number of 1.04 at which the
slope was about three times as large as the average slope at a Mach
number cf 0,75,

Langley Memorial Acoronautical Laboratory
National Advisory Committce for Aeronautice
Langley Field, Va.

REFERENCES

1. Zalovcik, Joln A., and Sawyer, Richard H.: Longitudinal
Stability and Control Characteristics of a Half-Span
Airplanc Model at Transonic Speeds from Tests by the NACA
Wing-Flow Method, NACA ACR No. LEF15, 1946,

2. Gilruth, R. R., and Wetmore, J. W.: Preliminary Tests of
Several Airfoil Models in the Transonic Speed Renge.
NACA ACR No. L5E08, 1945,

3. Bilelat, Ralph P.: Investigation at High Speeds of a Horizontal-

Tail Model in the Langley 8-Foot High-Speed Tunnel. NACA
RM Ko, L6I.10b, 1947, A

CONFIDENTIAL



NACA RM No. L7C25a

[%tations and ordinates in percent choré]
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TABLE T

HORIZONTAL TAIL ORDINATES

MEASURED FROM MODEL

Ordinate
Station Root Tip
. (a) (b)
Upper Lover - Upper Lower
surface surface gurface surface
0 o 0 0 0
1.25 | 1l.32 -1.12 1.23 -1.11
2.5 1.96 -1.71 - 1.75 -1.62
5.0 2,87 -2.68 2.54% 241
7.5 3.52 -3.26 3.13 -3.01
10 3.95 -3.84 3.56 -3.46
15 - L4.57 -4 b7 4,11 -4.10
20 4,87 -4.82 4.50 -b.5h
25 L.98 -4.95 4.69 L, 74
30 k.95 -5.02 b,73 4,80
Lo h.62 -4.81 k.56 -b,66
50 4,02 -4.31 4,15 -4.11
€0 3430 -3.70 3475 -3.95
65 2.75 -3.27 3.51 -3.58
T0 3.3k -3.75 3.58 -L4.05
75 3.32 -3,62 3.60 ~4.13
80 2.94 -3.12 3.31 -3.67
85 2.26 -2.36 2.70 -2.96
90 1.48 -1.51 1.93 -2.12
95 .71 - .62 1.13 -1.12
100 0 0 0 0

aMeasured 0.55 inch outboard of end plate.

bMeagured 5.75 inches outboard of end plate,

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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1 :
Figure 1.- Sketch of -i—2—~scale, semispan model of the herizontal

tail of a fighter airplane. (All dimensions are in inches.\)
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1
Figure 2.- Semispan izg-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
times abscissa scale.)
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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 1ift coefficients Cy_ . Sketch
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below curve shows chordwise position of model on wing surface.
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‘Fig, 8
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Fig. 9
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Figure 9.- Elevator egfectiveness over the deflection range
0° to U4° and 0° to -U4° for three angles of attack.
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Figure 10.- Stabilizer effectiveness. Angle of attack, -1,2°
to 3,U°% elevator neutral,
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NACA RM No. L7C25a - Fig. 12
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Figure 12,- Variation with Mach number of elevator and stabilizer effective-
ness from wing-flow tests of a horizontal-tail model of a fighter airplane
and wind-tunnel tests of a typical high-speed-~bomber horizontal tail.
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