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SUMMARY

The results of a wind-tunnel investigation of a series of models of
nine related horizontal tails have been summarized to provide basic design
information; to indicate the effects of aspect ratio, sweepback, and
changes in the Mach number; and to provide experimental values of the 1ift
and hinge-moment parameters for comparison with values computed by a
method employing lifting-surface theory. The models had aspect ratios
from 2 to 6, angles of sweepback of the quarter-chord line from 5.70 to
450, a taper ratio of 0.5, and had 30-percent-chord, sealed, plain flaps.
The Mach number was varied from 0.12 to 0.94 for Reynolds numbers of 2,

3, or 4 million. Also, a constant-chord airfoil having the NACA 64A010
section and completely spanning the wind tunnel was tested at a Mach number
of 0.12. This airfoil had the same section and flap-chord ratio as the
nine horizontal-tail models.

Satisfactory correlation was obtained between the low-speed experi-
mental values of the 1lift and hinge-moment parameters and the computed
values. Extension of the method employing lifting-surface theory to high
subsonic Mach numbers through an application of the Prandtl-Glauert rule
yielded variations of the 1lift parameters with Mach number which were in
good agreement with the experimental results at Mach numbers less than that
for 1ift divergence. The predicted values of the hinge-moment parameters,
however, did not agree with the experimental results at Mach numbers
approaching the divergence Mach number.

INTRODUCTION

An investigation of the aerodynamic characteristics of horizontal
tails has been undertaken by the NACA to provide basic design information

1Supersedes recently declassified NACA RM A51G3la by Jules B.
Dods, Jr., and Bruce E. Tinling, 1951,
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and to provide experimental results which could be used to determine

the accuracy of theoretical procedures for estimating the 1ift and
hinge-moment parameters. References 1, 2, and 3 have presented 2
detailed results of tests, conducted in the Ames 7~ by 1lO0=-foot wind

tunnels and the Ames 12-foot pressure wind tunnel, of a series of
horizontal-tail models having aspect ratios from 2 to 6 and either

having the hinge line normal to the plane of symmetry or having 350

or 45° of sweepback of the quarter-chord line. A comparison of the

1ift and hinge-moment parameters evaluated from theory with those

obtained experimentally was presented in reference U4,

The purposes of the present report are: to combine the basic
design information available in references 1, 2, and 3; to summarize
the experimental and the theoretical variations of the 1lift and hinge-
moment parameters with aspect ratio and sweepback at a low Mach number;
and to show the effects of changes of the Mach number on these para-
meters for three of the models.,

NOTATTION
Coefficients
(68 elevator hinge-poment coefficient <élevator hinge momen{)
% 2qM .
qMp
che section hinge-moment coefficient <section hinge momené) ‘
=
q(ce')
Cy, lift coefficient (lift>
asS
cy section 1lift coefficient <}ection 1ift>
qe
4p pressure coefficient across the elevator nose seal

pressure below seal - pressure above sea%)
free-stream dynamic pressure
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Symbols

2
aspect ratio <?§->

speed of sound, feet per second

lateral dimension of the semispan models, measured perpendicular
to the plane of symmetry, feet

lateral dimension of the constant-chord model, feet

chord of the models measured parallel to the plane of
symmetry, feet

chord of the models measured perpendicular to the sweep

reference line of the swept-back models (c' equivalent to ¢
for the unswept models), feet

\/P ctdy
mean aerodynamic chord ,  Teet
c dy

4

chord of the elevator behind the hinge line measured perpendicu-
lar to the hinge line, feet

Mach number <Y.>
a

moment about the hinge line of the elevator area behind the
elevator hinge line, feet cubed

free-stream dynamic pressure, pounds per square foot

Reynold

(&]

number (/EX§;>
N\ p

semispan horizontal-tail area, square feet

[

velocity of air, feet per second
)
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y lateral distance normal to the plane of symmetry, feet
ol corrected angle of attack, degrees

Qo corrected section angle of attack, degrees

Qg uncorrected angle of attack, degrees

de elevator deflection measured in a plane normal to the

elevator hinge line, degrees

Ot tab deflection measured in a plane normal to the tab hinge 1inel,
degrees
A angle of sweepback of line joining quarter=-chord points of wing

section, degrees

x taper ratio (ratio of tip chord to root chord)
7] absolute viscosity, slugs per foot-second
o) density of air, slugs per cubic foot
Parameters
oCy, 3
By = 2 ; = = t = =0)
Hiey = 5 Chao = e (measured through a=0 or ag=
%7 Be=0 dao Be=0
oC de
Ch6 =< he> i By, = < he> (measured through 8e=0)
e Ve
a=0 Ao=0
o (B <BCL ligen e éil (measured through o=0 or o,=0)
Lo da. %o =0
Be=0 2
dCL (¢] =
CL8 = 3 cyy = ok (measured through 8g=0)
868 a=0 BBe an=0

The subscripts outside of the parentheses represent the factors
held constant for the measurement of the parameters.,
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MODELS

The horizontal-tail models tested during this investigation each
had a taper ratio (ratio of tip chord to root chord) of 0.5. The
aspect ratios, angles of sweepback, and elevator hinge locations for
these models are given in the following table:

Sweepback Hinge-bracket location, percent
Aspect (deg) semispan
Tatio B e - T- by 10-foot 12-foot pressure
iine i i?ﬁ: wind-tunnel wind-tunnel
models models
2 16,7 0 S8 L R e s e
2 45.0 35.1 82 ] s=ie =tmidial e
S5 1003 0 82 | e e - e - - -
3 3950 26.6 82 | s s saeme -
3 45.0 38.7 -- 50.2 and 90.6
4.5 TS 0 82 28, 81 and 95
k.5 3930 29.5 82 34, 80 and 96
6 Del 0 82 ¢ Ll el SRS
6 5.0 31.0 38 snd B2 . S TEER R

The geometry of each model is shown in figure 1, In addition to
the horizontal-tail models, a 3-1/2-foot-chord airfoil with no sweep-
back that completely spanned the 7-foot dimension of the T- by lO-foot
wind tunnel was tested. This airfoil had the NACA 64A010 section and
a 30-percent-chord, sealed, plain flap., The coordinates of the NACA
64A010 airfoil section are presented in table I. The horizontal=-tail
models which had no sweepback of the hinge line had the NACA 644010
section parallel to the plane of symmetry. The horizontal-tail models
which had either 35° or U45° of sweepback had this section perpendicular
to the sweep reference line. The sweep reference line was chosen as
that line which joined the quarter-chord points of the NACA 64A010 air-
foil sections, The models with the hinge line normal to the plane of
symmetry (referred to in this report as the unswept models) had some
sweepback of the sweep reference line., To be strictly consistent, the
NACA 64A010 airfoil sections should have been placed normal to the
sweep reference lines of the unswept models. However, since the angle
of sweepback involved was small, the aerodynamic effects resulting from
this inclination of the NACA 64A010 airfoil section to the sweep refer-
ence line were probably negligible.
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The tip shape of each model was formed by rotating the airfoil
section about a chord line inboard of the tip a distance equal to one-
half the maximum thickness of the tip airfoil section.

A1l the models had 30-percent-chord, sealed, plain elevators and
two of the models (fig. 1(e)) were equipped with tabs. The 30-percent=-
chord ratio of the elevator was maintained in the planes of the NACA
644010 airfoil sections. The details of the elevator balance chambers
are shown in figure 1. The elevator hinges divided the balance chamber
into separate sections. Seals were fitted closely at the ends of each
section to reduce the leakage to a minimum,

TESTS

l’odels of all the tails, with the exception of the tail having an
aspect ratio of 3 and 50 of sweepback, were tested at low Mach numbers
in the Ames 7~ by 1l0=foot wind tunnels at a Reynolds number of 3 million.
The tests in the Ames 12-foot pressure wind tunnel of the horizontal-
tail models having an aspect ratio of 4.5 were conducted at a Reynolds
number of 2 million, and the tests of the model having an aspect ratio
of 3 and 45° of sweepback were conducted at a Reynolds number of b mil-
lion, The maximum test Mach numbers were 0.88 and 0.94% for the unswept
and the swept-back horizontal tails, respectively.

The semispan models were mounted vertically with the wind-tunnel
flocor serving as a reflection plane as shown for typical models in
figure 2. The turntables upon which the models were mounted were
directly connected to the force-measuring apparatus. The elevator
hinge moments were measured with resistance-type electric strain gages
which were beneath the turntable cover plates.

CORRECTIONS TO DATA

All the data have been corrected for the effects of tunnel=-wall
interference, The corrections to the data from the 7= by 1l0-foot wind
tunnels were computed by the methods of references 5 and 6. The cor=-
rections to the data from the 12-foot pressure wind tunnel were computed
ty the methods of references T and 8, In the application of the method
of reference T, the theoretical span loadings for incompressible flow
were calculated by the method of reference 9.
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RESULTS AND DISCUSSION

The results of low=-speed tests of the 3-1/2-foot-chord airfoil
having the NACA 64A010 section and having a 30-percent-chord, sealed,
plain flap are presented in figure 3. The results of tests of the nine
related semispan model horizontal tails having the same airfoil section
and differing only in aspect ratio and sweepback are presented in
figures 4 to 20, The 1lift and hinge-moment characteristics are sum-
marized in figures 21 to 24, The effectiveness of a tab in reducing
the elevator hinge moments for a range of Mach numbers is presented in
figure 25 for the models having aspect ratios of 4.5, An index of the
figures presenting the results is given in the appendix.

Information not presented herein but which is available in refer-
ences 1, 2, and 3 shows the effects of standard leading-edge roughness,
tne effects of removal of the elevator nose seal, the effects of varia-
tion of the Reynolds number, and the pitching-moment characteristics.
In addition, the drag characteristics are available in references 2 and
3 for the three models tested in the 12-foot pressure wind tunnel. The
pressure distribution at the midsemispan and the tab hinge momentsc have
also been given in reference 2 for the two models having an aspect
ratdo of ‘4.5,

The following discussion covers first the effects of sweepback and
aspect ratio at a low Mach number, and then the effects of changes of
+he Mach number for the three models which were tested throughout the
subsonic Mach number range.

Effect of Sweepback and Aspect Ratio at Low Mach Numbers

Lift and hinge-moment parameters.- The data presented in figures 3
through 11 were obtained in the 7~ by 10-foot wind tunnels. These
results are summarized in figure 21 to show the effects of variations

of sweepback and aspect ratic upon the 1lift parameters CLOL and'CLa,

and on the hinge-moment parameters Cha and Chg' For convenience,

the numerical values are also listed in table II. These data summarized
in figure 21 and presented in table II were obtained at low subsonic
Mach numbers. Because of the nonlinearities in the 1ift and hinge-
moment data, the slope parameters are valid only for a small range of
angles of attack and of elevator deflections near 0°, The theoretical
values presented were calculated by the method recommended in reference k.,
The correlation between the parameters as evaluated from theory and by
experiment is considered to be reasonably good. As shown in figure 21,
the 1ift and hinge-moment parameters have an orderly variation with
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both aspect ratio and sweepback. The 1ift parameters Cy and CL6
o

increased as the aspect ratio was increased and were reduced in magni-
tude as the angle of sweepback became larger. The numerical values of
the hinge-moment parameters Cha and Ch6 became more negative with

increasing aspect ratio. The numerical values of Cha also became
more negative with increasing sweepback. The values of Chg’ however,

were reduced in magnitude with increasing sweepback. The experimental
1lift and hinge-moment parameters from the Ames 12-foot pressure wind
tunnel for Mach numbers comparable to those of the T- by 1l0-foot wind
tunnels are listed in table II. The 1lift and hinge-moment parameters
from the Ames 12-foot pressure tunnel are in satisfactory agreement
with those from the 7- by 1l0-foot wind tunnel with the exception of
the value of ChOL for the unswept model having an aspect ratio of IS,

This difference between the values of Cha from the two facilities

exists only at angles of attack near zero. Between 2° and 4° angle of
attack, the value of Cp ~ is -0.0020 from either wind tunnel (figs. 8(Db)

and 16(a)).

Pressure coefficients across the elevator nose seal.- The pressure
coefficients across thne elevator nose seal presented in parts (e¢) of
figures 3 to 11 are useful in the design of sealed, internal, aero-
dynamically balanced elevators.! The rate of change of pressure coef-
ficient across the elevator nose seal with elevator deflection was
nearly independent of aspect ratio for both the unswept and the swept=
back horizontal-tail models. A sizable difference was noted, however,
in the rate of change of pressure coefficient across the elevator nose
seal with elevator deflection between the unswept and the swept-back
models. For example, it was about 25 percent less for the models with
350 of sweepback than for the models without sweep, From the limited
information available for the h5° swept=back model it appears that an
additional 15-percent reduction should be expected at this higher angle
of sweepback, The models without sweepback having aspect ratios O >
4.5, and 6, and also the swept-back model having an aspect ratio of 6
tested in the 7= by 10=~foot wind tunnels had abrupt losses of balancing
pressures at moderate elevator deflections. (See figs. 6(c), 8(c),
10(c), and 11(c).) The reason for these losses of balancing pressure
is not known. Tests in the 12-foot pressure tunnel of the models having
aspect ratios of 4.5 did not show such an abrupt loss of balancing pres-
sure, Attempts to explain this discrepancy have shown that it cannot
be definitely ascribed to the difference in balance-chamber volumes or
to the number of compartments in the balance chambers.

—_—

sl - : A
For a discussion of the design procedure see reference 10.
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Effects of Mach Number

The results of tests of three models in the Ames 12~foot pressure
wind tunnel are presented in figures 12 to 20. The variations of the
1ift and hinge-moment parameters CLa’ CLS’ Cha’ and Ch6 with Mach
number are presented in figures 22 and 23. These figures also show
the theoretical effects of compressibility on the 1ift and hinge-moment
parameters calculated from the method recommended in reference 4, modi-
fied by application of the Prandtl-Glauert rule. The details of this
procedure are given in reference 3.

Measurements of the static pressure on the walls of the tunnel
test section taken during the tests of the model having an aspect ratio
of 3 and 45° of sweepback indicated that for some test conditions the
local Mach number was greater than 1.0 at the wall opposite the upper
surface of the model. The data obtained under these conditions are
indicated by dotted lines because their validity is questionable.

Lift.~ The 1ift parameters CLOL and CL8 are presented as func-
tions of Mach number in figure 22. Comparison of the theoretical and
experimental values of the 1lift parameters indicates good agreement up
to the Mach number where a reduction in elevator or stabilizer effective-
ness occurred with further Mach number increase. This Mach number will
be referred to as the divergence Mach number.

The divergence Mach numbers for CLa were approximately 0.85 and
0.93 for the unswept and the 350 swept-back horizontal tails, respec-
tively. The Mach number for divergence of the elevator-effectiveness
parameter CL6 was approximately 0.85 for both the 35° swept-back and
the unswept horizontal tails which had aspect ratios of K5,  With fur-
ther increase of Mach number, the rate of decrease of C was much
greater for the unswept horizontal tail than for the horizontal tail
having 35° of sweepback. The lift-effectiveness parameters of the 145°
swept=back horizontal tail having an aspect ratio of 3 continued to
increase with increasing Mach number up to the maximum test Mach num-
ber, 0.94.

Hinge moment,~- The variations of the hinge-moment parameters Cha
and Ch6 with Mach number are presented in figure 23. These data show
that except for the horizontal tail having h5o of sweepback, applica-
tion of the Prandtl-Glauert rule to calculate the hinge-moment para-
meters does not yield reliable results at the higher Mach numbers., For
the two horizontal tails having an aspect ratio h°5, the predicted
variation with Mach number of Cha and Ch8 does not agree with the
test results at Mach numbers approaching that for 1lift divergence, It
should also be noted (see figs. 16 and 19) that the measured values of
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ChOL and Ch8 are not truly indicative of the hinge-moment characteris-

tics at Mach numbers near that for divergence of the elevator=
effectiveness parameter CLB’ since, at these Mach numbers, the slopes

of the hinge-moment curves vary considerably with angle of attack and
with elevator deflection,

The variations of the hinge-moment coefficient with Mach number
for various elevator deflections or angles of attack are summarized in
figure 24, These data show that the Mach numbers at which abrupt
changes in the elevator hinge-moment coefficients occurred were depend=-
ent upon the angle of attack and the elevator deflection. Comparison
of the data from tests of the three model horizontal tails indicates
that an increase of sweepback delayed these abrupt changes to higher
Mach numbers.

Balancing pressure coefficient across the elevator seal.- The
variation of the pressure coefficient across the elevator nose seal
with elevator deflection is shown in figures 14, 17, and 20. Measured
through 00 elevator deflection, the rate of change of pressure coef=-
ficient across the elevator nose seal became greater with increasing
Mach number. However, the range of elevator deflections for which
the rate of change of pressure coefficient across the elevator nose
seal with elevator deflection was markedly positive progressively
diminished as the Mach number was increased. These results indicate
that the balancing effect obtained from a sealed internal aerodynamic
balance would become greater as the Mach number is increased. However,
the range of elevator deflections for which a large balancing effect
would be realized would diminish with increasing Mach number.,

Tab effectiveness.- The tab-effectiveness data from tests of the
horizontal tails having aspect ratios of 4.5 are summarized in figure 25
where the increment in elevator hinge-moment coefficient due to tab
deflection is presented as a function of Mach number., These data show
that, for 0° elevator deflection, the effectiveness of the tab was
little affected by increases in the Mach number over the range investi-
gated. At negative elevator deflections of 6° or greater, however, the
tab was not effective when deflected more than 10° at a Mach number of
about 0.88 for the unswept horizontal tail, and at a Mach number of
about 0.94% for the horizontal tail with 356 of sweepback.

Ames Aercnautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., July 31,1957
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APPENDIX

INDEX TO THE DATA IN THIS REPORT

LIFT AND HINGE-MOMENT CHARACTERISTICS

Results R Figure
bl presented o (million) number
Two=-
dimensional ¢y V8 o, 0.12 3.0 3(a)
Ch, VS o 3(b)
v Apla vs By | 3(c)
A,2;unswept Cr, vs a o1h 4(a)
Cp, VS @ L(v)
&p/a vs B L(c)
A,2; A, 45° C;, vs a 5(a)
Chy VS @ 5(b)
Ap/a vs B 5(c)
A, 3;unswept Cy, vs a .i? 6(a)
Cp Vs a 6(b)
e
d v/a vs B 6(c)
y
&j354.,35° Cp vs a 7(a)
Cp Vs o 7(b)
e
\ Ap/a vs Be , 7(c)
A4 ,5;unswept Cy, Vs a 21 8(a)
Che Vs a 8(b)
, Apla vs By 8(c)
K li5pn, 35° Cp, vs a 9(a)
Che Vs a 9(b)
v fp/a vs B } I 9(c)

JLil
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LIFT AND HINGE-MOMENT CHARACTERISTICS (CONTINUED)
Model Results M R Figure
presented (million) number
A,6;unswept UF v8 o 0.23 3.0 10(a)
Che VS a 10(b)
Ap/a vs Be 10(c)
A,65 A ,35° Cp, v a 11(a)
Che Vs a 11(b)
, Ap/q vs Be , , 11(c)
Ay 350 45° Cy, vs a ~E5 30 12(a)
.60 12(b)
.80 12(e)
.85 12(4)
.90, .92
\% 9k 12(e)
Ch, Vs @ 2D 13(=)
.60 13(b)
.80 13(e)
.85 13(a)
.90 13(e)
092) .9)4' 13(f)
Ap/q vs B 25 14(a)
.60 14 (D)
«80 1kh(c)
D 14(4d)
\ « 90,
i v S0B, 1 Nl v 14(e)
A4, 5;unswept Cp, vs a o 2.0 15(a)
,60 15(1)
.80 15(c)
.85 15(a)
y .88 15(e)
Che Vs a -k 16(a)
.60 16(Db)
.80 16(c)
v «85 16(4d)
% .88 16(e)
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LIFT AND HINGE-MOMENT CHARACTERISTICS (CONCLUDED)

Model Results M R Figure
presented (million) number
A.k.5;unswept Ap/q vs B 0,20 20 17(a)
| .60 17(b)
.80 17(e)
85 17(a)
" .88 17(e)
A,k.554,35 Cr, vs a il 18(a)
60 18(b)
85 18(c)
90 18(4d)
93 18(e)
\ .ok 18(f)
Che Vs a 2l 19(a)
.60 19(Db)
85 19(c)
90 19(a)
.93 19(e)
\% .ok 19(f)
&p/q vs Be 21 20(a)
.60 20(b)
.85 20(c)
90 20(4)
¢ .9k 20(f)
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SUMMARY FIGURES

Model Results presented Tigae
number
il (61 {6 2l
Al CL(1 and Cr, vs A (a)
A1l Cpy, and Cpy vs A L2a(n)
A,k 5;unswept CLCL and CL6 vs M 22
A,k.55A, 35°
A,3;A, ’4'50
Ch and Ch8 vs M 28
a
Che ve M; 8, = 0° 2k(a)
Che VS M; & = 0° 24(b)
A,4.5; unswept Ache due to tab deflection vs M 25
A, b 58 G
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TABLE I.- COORDINATES FOR THE NACA 64A010 ATRFOIL SECTION

[A11l dimensions in percent of chord]

Upper and Lower Surfaces

Station Ordinate
0 0
He, 804
o (D «969
1.25 1.225
2.50 1.688
5.00 2,327
T.50 2.805
10,00 3,199
15.00 3.183
20.00 4,272
25.00 4,606
30,00 4,837
35.00 4,968
40.00 4.995
45,00 4,89k
50,00 L, 684
55.00 L, 388
60.00 4,021
65.00 3.597
70,00 3.127
75.00 2.623
80.00 2,103
85.00 1.582
90.00 1.062
95.00 Skl
100,00 .021
L.E. radius, 0,687
T.E, radius, 0.023




TABLE IT,~- SUMMARY OF LOW-SPEED EXPERIMENTAL AND THEORETTICAL LIFT AND HINGE-MOMENT PARAMETERS
[NACA 644010 airfoil section;® elevator-chord ratio, 0.30; taper ratio,A = 0.50]

Model Lift and hinge=-moment param.etersb
Aspect Angle
ratio, of CLq, Crg Chy, Chy
A sweep=-
back,A | Experiment | Theory | Experiment | Theory | Experiment | Theory |Experiment | Theory
(deg)
2 ST 0.040 0.043 0.029 0,024 -0,0002 ~0,0001 | =0,0071 ~0.,0079
2 45 L0kl .0ko <021 .020 -,0016 -,0016 -.0068 -.005k4
3 T3k L0553 2055 SO .033 -.0010 -,0011 ~,0085 -.0086
3 35 s955 .052 .028 .028 -,001k -,0021 ~.0076 -.0069
3 45 C,ok9 .08 €,025 .023 C..0028 -,0026 | ©-,0066 -.0056
066 045 -.0020 3 ~.0093 -.00
k5 7.6 = 067 Ol .0k e 0032 <0023 == e 93
.061 .032 -,0024 ~-.0078
k5 3 c,059 -060 c,032 -031 c-,0025 =+0033 I—e_ 5080 ~+00TH
6 5T LTk {of(5 .050 OL5 -.0030 -.0033 -,0102 -.0099
6 35 .065 .065 034 <033 -.0032 -,0040 -.0082 -.0076
aFxperimentally, cy” = 0,108; e 0,065; Chy = -0.005T; Chy = -0,011k4

bMeasured through 0° angle of attack and 0° elevator deflection.
CFrom 12-foot pressure wind-tunnel tests. (Other data from 7- by 10-foot wind tunnels. )
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to section A-A.
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Figure 2.~ Representative semispan horizontal-tail model installations.
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Figure 6.— Lift and hinge-moment characteristics of the unswept
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NACA TN 3497

40

38

A d ek Lalelplops
£ A VYL AP ]
A7\ Y ¥ s
NN VAN 1N
s«&\ \\ A \ﬁ\\\ =
TNONT ol RONY M\\Q\ \&\\\.\%_\ _
<3 Tl o VAL AoAA D ©
o000 abavhpa \\1 v\ ;w \\ \\“ ~
S
y b:°
AT 47 &
/Y \\ { 4
] NN i !
Qo
4 ¥ 17l B
R I LI
71 A A A7V oY ©
£ | A avi )
AZLA a
Pa HAAAN XA/ ' e
A ¥ NAATYF X ©
7 \_\\v\\\\ \\ \.\_w\\“\ _/
.07 9100 LTI
A ¥ X ANAAA AP
CAAAA AL RA <+
YA A X AASVY N
! {1 IAIS EA XY
} VISR L B
¥ © Do ¥ © N
g i e PSSR TRR

9 g
Yo *ua10144900 Juswow-abui

Angle of afttack, a, deg

(b) Hinge-moment coefficient.

Figure 7. —Continued.




| =
Q
4 5=
a=-4° / a=4°
Q =
o Station a=0° / qlb =
o o SRR s <
74 /4 - O
. 74 kS V4 )% S »
e - #- ——— .45 4 - ®
0]
2 A A%/ o %/ /'4// 8 I
3 A ——.%2 | |7 )7 g
S —=a % 7 /(/ 7 :
- - a 4 9
S =Qe , =/0° y =/6° - -~
£ o a=g g a2 | A / a6 ¥V S
S 7 p’
s ) 0 %
~ - -] === - — - —J—+F— ,— L)
- A ’ / o
8 d,ﬁ/ A -4 e
\ V 7 b
S //4// ’ Pp% / S
§ & “ Z =58
3 / Z4 9{;3 S
- / 7 SEat
g8 a=20| |J a =24 a-28" f| -
Yy
¢ 4 pa A N
e FTTTT 5 2 3
8 . 8
< -4 / ' % Q
A=3 =
= o o

-6 -8 o 8 24 -/6 -8 o 8 -2¢4 -/6 -8 o 8
Elevator deflection, 8,, deg

(c) Pressure coefficient.

Figure 7.—Concluded.

6¢




NACA TN 3497

10

f" g
eg :
8 ) oy 7, .
L2 A AT TOD s
6 0 /. ///;//;XC—A"H:? _
2 _z /’{/ = =
g i A P/ / 447/:%13;
o > it SN /f/ ]
o < AT
g o ¢ KNEL A K S 7
R a 25 T AR A
= T AN 7
T ALY XA A
: A0 EIIL AP
2 (LS YA, /gf’ VAN
A A T
-6 o A v u/ﬁ ,////i ﬂ’/ ) /
w2 WL D
_g AR | F4b ,/: ,///},,/r\’( 4
Y AV A ¥
NN A
-/0 : %/ 7
T _ ﬁ A-4.5
-1.6

20" e g 8 -4 o 4 8 /2 16" 20
Angle of attack, «, deg

(a) Lift coefficient.

Figure 8—Lift and hinge-moment characteristics of the unswept
model of aspect ratio 45. R, 30 x 10%; M, 0.2,




6N

L1

NACA TN 3497

6 20

8 &

4

=8 =400
Angle of attack, a, deg

/4

.40

3
Y9 “quariyj900 wowow-abuiy

_____ wl A 4 4 ‘ao_w@,.,rxf
E BAE oI BANRAE
= 9 e e  Rarar A | ofo
i : St e L ool R

i VARDPRR IR APz =57 =%
AP VIR AR Cara
/ / / I U]
4 / [ 44
R A 171
y ) % [/ IR
§ oy, s A [ i
AR N4 i I
J Ry AR NN
S Y A AT AL
ANANSaAviiaidadas
NEENIE SriLE.B AR NN
| \\\\.\A\L\L \A\\\N\WLA. WJN_M‘ 984202469N060M5
i A ,\WV\\HA.\\\.‘{,“ Se,u T 0 00 0o o s
\m NNWM\\«\\\M\ \n\\v\\\m\w(”lu\\ — <0V o00O0AbAVApAY
e YV 2RO

3 A F .\.\W\

A 'SV N ) i

FEREEREEE R R

| | |

- 16

=20 -/6

(b) Hinge-moment coefficient.

Figure 8. —Continued.



L2

NACA TN 3497

M.WI ‘ID8s 8SOU JOJDAS® SSOIID [UBII[}}809 8iNSS8ld
. A B
| |
i
M .
N N
// /, 2 oAb
° // 06 Y e
~ D I ~
ERREE D S a%R3 P
S \Vm \ 3 1
\ R \ /r — _ ro m
[ N N 1 _
-+
i
D
CHRL
@ <
< S
s
s 5
Qg3
E = = IA/ $ i
" N, %
3 W) ST 3 33
/ /z 6 N N
A\ 4 m Dl
X N S
v N
v @
(\¢
|
@
‘”; ~
. A N Qo
N
~ e /,/
bt /r Bt ..w NN w ,7 ©
N S /, —
Y . (] ,& N
/4 4 . m d-
N . R \ i >
3
| | y %
L EE o A &N e el & S
| | ] | | 3
L)
% ‘ID8s 9SOU J0JDAS|® SSOJID JU|I/}}802 8iNSSIld g
N
3
W




NACA TN 3497

Lift coefficient, C;

14

/&

10

43

86
deg
< . % ﬁ ¢ =~
. /’f% ~ Loroteto
5_5 ':g%,f‘
g _5 ,A//éz/;/f Bt :i
S L L
A M e ], |
1= h0 487 e’
e LAY 7474 VAV
b i DG AUY O,
Y %7404
N K Y
K/ N YR K
A
A VAI X
VAV ALY,
B A A A A
A’/ 5 1/'9:/ ,,7/"‘ 4
WYL P
P Fir ! Gl
© 5 2 - = %Q;/XK/‘;‘/ //A’/
e e 0
RS == Zee=2 "%,Er/’/
] #»,my;/’
A=4.5
SNACA
i

28 24 -20 -6 -I12 -8 -4 O 4 &8 /2
Angle of aftack, a, deg

(a) Lift coefficient.

/16 20 24 28
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