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TESTS OF A MODEL HORIZONTAL TATL OF ASPECT RATIO 4.5
IN THE AMES 12-FOOT PRESSURE WIND TUNNEL.
I — QUARTER—CHORD LINE SWEPT BACK 35°

By Bruce E. Tinling and Jerald K, Dickson

SUMMARY

Wind—tunnel tests have been conducted to evaluate the independent
effects of Reynolds and Mach numbers on the aerodynamlc characteristics
of & horizontal taill of aspect ratio 4.5 equipped with a plain sealed
elevator with a tab. The line ,joinin.g the quarter—chord points of the
eirfoll sections wae swept back 35 and the thickness distribution normal
to this line was the NACA 64A0I1O0.

The Reynolds number was varied from 2,000,000 to 11,000,000 2t a
Mach number of 0.21, and the Mach number was varled from 0.21 to 0.9k at
a Reynolds nmumber of 2,000,000. ILift, drag, pltching moment, elevator
hinge moment, tab hinge moment, streamwise distribution of static
pressure at the midsemispan, and pressure difference across the elevator—
nose seal were messured,

An increase of Reynolds number from 2,000,000 to 11,000,000 had
little effect other than to Increase the angle—of—eattack range over
which the variation of 1i1ft with angle of attack was linear.

Abrupt decreases in lift—curve slope occurred at’'a Mach number of
about 0.93 and in elevator 1lift effectiveness at a Mach number of sbout
0.87. The Mach numbers at which marked changes in the elevator hinge—
moment coefficlents occurred were dependent upon the magnitude of angle
of attack and of elevator deflection. In general, however, the changes
of elevator hinge-moment coefficient were gradual as the Mach number
was increased to 0.85. The tab was effective throughout the Mach number
range, Calculations indicated that incorporation of sufficient sealed
internal halance to reduce the variation of elevator hinge moment with
elevator deflection by 50 percent at a Mach number of 0.21 would cause
only a l2-percent reductlon for elevator deflections grester than 4°
at a Mach number of 0.93.
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INTRODUCTION

A systematlc investigation of control—surface characteristics has ¥
been undertaken at the Ames Aeronautical Iaboratory to determine experi—
mentally the control—effectiveness and hinge—moment parsmeters for com—
parison with those predicted by Iifting—surface theory. References 1
through 4 present results of low—speed wind—tunnel tests of both swept
and unswept horizontal taills of several aspect ratlos, all having the
same taper ratlio and alrfoil sectlon.

The tests reported herein were conducted to evaluate the effects of
compressibility and dynemic scale on the control—surface characteristics
of s horizontal tail with 35° of sweepback. The low—gpeed aerodynamic
cheracteristics of a geometrically similar horizontal tall have been
reported in reference 2, Since this model alsc represents a wing with a
full-span flap or elevon, drag and pltching-moment data are included in
eddition to 1ift and hinge—moment data. '

Cp

Cr,

NOTATION

drag coefficilent <§§§$>

elevator hinge-moment coefficient (elevator hinge moment)

2q Ma

tab hinge—moment coefficilent (ta-b h—;—zgﬁAmoment>
t

1ift coefficient l-é?)

pltching—moment coefficlent about the gquarter point of the

mean aerodynsmic chord pitch ng oment

Mach number <}£)

pressure coefficient <Fagj%)

critical pressure coefficient, corresponding to a Mach
mumber of 1.0 in a direction perpendicular to the quarter—
chord line of the alrfoil section

pressure coefflcient across the ele#ator—nose seal (pressure )
below the seal minus pressure above the seal divided by ; «
the free—stream dynamic pressure)
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Reynolds number (anc)

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

first moment of the tab area behind the tab hinge line
about the tab hinge line, feet cubed

horizontal—taeil area, square feet
airspeed, feet per second
speed of sound, feet per secaond

semispan, messured perpendicular to the plsne of symmetry,
feet

chord, measured parsllel to the plane of symmetry, feet

[ % oy
mean serodynamic chord _‘b/T-_- s feet
[0/ o ay

chord of the elevetor behind the hinge line measured
perpendicular to the hinge line, feet

local static pressure, pounds per square foot
free—stream static pressure, pounds per square foot
free—stream dynemic pressure, pounds per square foot
latergl distance normel to plane of symmetry, feet
corrected angle of attack, degrees

angle of atfack, uncorrected for tumnel—wall Interference
and angle—of—attack counter correction, degrees

elevator deflection (positive to increase 1ift) measured in
& plane normal to the elevator hinge line, degrees

teb deflection (positive to increase 1ift) measured in a
plane normal to the tab hinge line, degrees

density of air, slugs per cublc foot

absolute viscosity, slugs per foot second
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CLy, = <%C—’L> , (measured through o=0), per degree
@ Se—St—O

$
i

<§-C-L (measured through 8e=0), per degree
s a=5+=0

o ()

cm&e' = <—§C—81:> (measured through 8e=0)}, per degree
a=5=0 .

oC
= <ﬁ> (measured through o=0), per degree
Be=0¢ .

e _
Che =( he (measured through 5o=0), per degree
Be OB a=8+=0
ac
Chey = <——h§ (measured through 5.=0), per degree
B \ 08t/ g=pe=0

The subscripts outside the parentheses represent the factors held constant
during the measurement of the parameters.

MODEL

The semispan model tested 1n this investlgation represented a
horizontal tall of aspect ratio 4.5 and teper ratio 0.5. The airfoil
section was the NACA 6L4AOC10 (tsble I) in planes inclined 35° to the
plane of symmetry (fig. 1). The quarter—chord line of the airfoil
sections was swept back 35°. This line was at 27.8 percent of the chord
measured parsllel to the plane of symmetry. The tip shape was formed by
rotating the section parallel to the undisturbed stream about = line
inboard of the tip a distance equsl to the meximm tip ordinate,

The model was equipped with a full-span, radlus—mose, sealed elevator,
the chord of which was 30 percent of the chord of the airfoil sections.
The ratio of elevator erea behind the hinge line to the total model area
was 0.271. The elevator was attached to the stabilizer by hinges at 3k,
80, and 96 percent of the semispan. These hinges and a close—fitting

block at the plane of symmetry divided the sealed balance chamber into
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three separate sections. The seals were fltted closely %o the ends of

each section to reduce leakage to a minimm, The elevator was equipped
with an unsealed teb, the area of wbich was 6.5 percent of the elevator
area- and which extended from 23.7 to 44.8 percent of the semispan. The
elevator and the tab gaps are shown in figure 1. '

The stabllizer was constructed of solid steel and the elevator of
aluminum alloy. The model was mounted vertically with the wind—timnel
floor serving as a reflectlon plane as shown in figure 2. The rotating
turntable upon which the model was mounted is directly connected to the
force—megsuring apparastus. The elevator end tab hinge moments were
measured with resistance—type electric strain gages. The elevator gage
was beneath the turntable cover plates, and the tab gage was contalned
within the elevator. The elevator deflection was remotely controlled
and the tab deflection was set by meane of an indexing system built into
the tab and elevator. The gap between the elevator and the reflection
plane was approximately 0.02 inch when the elevator was undeflected.

A streamwise row of orifices was provided at 50 percent of the
semispan to measure the chordwlise distribution of static pressure., Six
orifices were located 1n the balance chamber, orne on either side of the
seal at 16, 48, and 90 percent of the semlspan, to measure the pressure
differences acrogs the elevator-nose seal.

CORRECTIONS TO DATA

The data have been corrected for the effects of tumnel~wall Inter—
ference, for constriction due to the presence of the tumnel walls, and
for model—support tare forces.

Tunnel—~Wall Interference

Corrections to the data for the effects of tunnel—wall interference
have been evaluated by the methods of reference 5, using the theoretical
spen loading calculated by the methods of'reference 6. The corrections
added to the drag and to the angle of attack were:

“Aa = 0,329 Cp, degrees
ACp = 0.00502 C12
No attempt was made to separate the tunnel—wall interference effects
resulting from 1ift dque to elevator deflection and 1lift due to angle of

attack. No corrections were applied to the pitching-moment or hinge—
moment data. . : o
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Constriction Effects

The datae have been ctrrected for the constriction effects due to the
presence of the tumnel walle: The corrections have not beer modified to
allow for the effect of sweep:. The £6llcwling Table shows the magnitude
of the corrections to Mach number ahd to dynamic pressure:

Corrected Uncorrected g uncorrected
Mach number Mach mumber g corrected
0.210 0.210 l.001
600 .600 1.001
.800 798 1l.002
.850 .848 1.003
«900 .896 : 1.005
«930 .923 1.008
.9%0 .932 1.009

Tares

A correction to the drag data was necessary to allow for forces on
the exposed surface of the turntable. This correction was determined
from tests with the model removed from the turntable., The correction
was found to vary with Reynolds nuiiber only and is presented in the
following table: _ . '

RX10C  Cp tafe

1.00 0.0071
2.00 .0063
3.00 .0060
T.00 .0058
11.00 .0056

No attempt was made to evaluate tares due to posslble Interference
effects between the model and the turntable.

TESTS
Reynolds Number Effects

To determine the effects of Reynolds number on the aerocdynamic
characteristics of the borizontael tail, 1ift, drag, pitching moment, and
elevator hinge moment were neasured for a Mach number of 0.21 at
Raynolds numbers of 2,000,000, 3,000,000, 7,000,000, and 11,000,000.

For these tests, the angle—of-attack range was from —10° to 24°, the
elevator deflections were 0°, —10°, and —20°, and the tab was undeflected.
For Mach numbers of 0.60, 0.80, and 0.90, similsr data were obtained at
Reynolds numbers of 1,000,000 and 2,000,000 with the elevator and the

tab undeflected. ) ' '
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three separaste sections. The seals were fitted closely to the ends of
each section to reduce leakage to & minimm, The elevator was equipped
with an unsealed tab, the area of which was 6.5 percent of the elevator
area and which extended from 23.7 to 4%.8 percent of the semispan. The
elevator and the tab gaps are shown in figure 1.

The stabllizer was constructed of solid steel and the elevator of
aluminum glloy. The model was mounted vertically with the wind—tunnel
floor serving as g reflection plane ss shown in figure 2. The rotating
turntable upon which the model was mounted is directly connected to the
force—-meaguring apparstus. The elevator and tab hinge moments were
messured with reslstance-type electric strain gages. The elevator gage
was beneath the turntable cover plates, and the tab gage was contained
within the elevator. The elevator deflectlion was remotely controlled
end the tab deflectlon was set by means of an indexing system built into
the tab and elevator. The gap between the elevator and the reflection
plane was approximately 0.02 inch when the elevator was undeflected.

A streamwise row of orlfices was provided at 50 percent of the
semispan to measure the chordwise distribution of static pressure. Six
orifices were located in the balance chamber, one on elther gide of the
seal at 16, 48, and 90 percent of the semispan, to measure the pressure
differences acrogs the elevator-mnose seal.

CORRECTIONS TO DATA

The data have been corrected for the effects of tummel—well inter—
ference, for constriction due to the presence of the tunnel walls, and
for model—support tare forces,

Tunnel~Wall Interference

Correctlons to the data for the effects of tunnel—wall interference
have been evalusted by the methods of reference 5, using the theoretical
span losding calculated by the methods of reference 6. The corrections
added to the drag and to the angle of attack were:

Ac = 0.329 Cr, degrees

ACp = 0.00502 C12

No attempt was made to separste the tunnel-wall Interference effects
resulting from 1ift due to elevator deflection and 1ift due to angle of
attack. No corrections were spplied to the pitching-moment or hinge—
moment data.



6 NACA RM A9G13

Constriction Effects

The data have been corrected for the constriction effects due to the
presence of the tunnel walls. The corrections have not been modified to
allow for the effect of sweep. The following table shows the magnitude
of the corrections to Mach number and to dynamic pressure:

Corrected Uncorrected g uncorrected
Mach number Mach number - q corrected
0.210 0.210 l1.001
.600 .600 1.001
.800 .798 1l.002
850 .8438 : 1.003
.900 .896 1.005
.930 .923 1.008
.40 .932 1.009

Tares

A correction to the drag data was necessary to allow for forces on
the exposed surface of the turntable. This correction was determined
from tests with the model removed from the turntable. The correction
was found to vary with Reynolds number only and is presented in the
following table:

-8

Rx10 Cp tare
1.00 0.00T71
2.00 .0063
3.00 .0060
7.00 .0058

11.00 .0056

No attempt was made to evaluate tares due tc possible interference
effects between the model and the turntable.

TESTS
Reynolds Number Effects

To determine the effects of Reynolds number on the aerodynamic
characteristics of the horizontal tail, lift, drag, pitching moment, and
elevator hinge moment were measured for a Mach number of 0.21 at
Raynolds numbers of 2,000,000, 3,000,000, 7,000,000, and 11,000,000.

For these tests, the sngle—of-attack range was from —10° to 24°, the
elevator deflections were 0°, —10°, and —20°, and the tab was undeflected.
For Mach numbers of 0.60, 0.80, and 0.90, similar dats were obtained at
Reynolds numbers of 1,000;000 and 2,000,000 with the elevator and the

tab undeflected., . - .
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Mach Number Effects

To determine the effects of compressibility on the aerodynamic
characteristics of the horizantal tail, 1ift, drag, pltching moment,
elevator hinge moment, tab hinge moment, pressure difference across the
elevator-nose seal, and streamwlse distribution of static pressure were
measured at a Reynolds number of 2,000,000 at Mach mmbers of 0.21,
0.60, 0.80, 0.85, 0.90, 0.93, and 0.9%, At Mach mumbers less than 0.80,
the angle—of—attack range was from —10° to 249, and the elevator—
deflection range was from —25° to 6°, At Mach numbers above 0.80, the
angular ranges were limited by wind—twumnel power, L1ft and hinge— -
moment measurements were made with tab deflections of 0%, 5%, 10°, and
15° throughout the complete range of Mach numbers and elevator defleo—
tions at uncorrected angles of attack of 0°, 4°, and 8°,

Effects of Standard Roughness and of Removal
of the Elevator—Nose Seal

Tests were also made to evaluate the separate effects of standard
leading—edge roughness (reference T), and of removing the elevator-nose
seal on the 1lift, drag, pitching—moment, and elevator hinge—moment char—
acteristics. Data were obtained at a Reynolds number of 2,000,000 over
the angle—of—attack range for elevator deflections of 4O, 0°, and —15°
with the tab undeflected at all test Mach nmumbers up to 0.93.

.

RESULTS AND DISCUSSION

The results of tests conduected to evaluate the effects of Reynolds
nunber on the serodynamic characteristics of the horizontal tall are
presented in figures 3 and 4, and results of tests conducted to evaluate
the effects of Mach number are presented in figures 5 through 12. The
data from tests conducted to evaluate the separste effects of leading-—
edge roughness and of removal of the elevator—nose seal are compared
wlth those cbtained with the model in the normsel condition in flgures 13
through 16. An index of the figures presenting the results is given in
the appendix.

Certain data are presented for values of uncorrected angle of
attack o3 Where:

o = 0.99 oy + A

The constant 0.99 is the ratio between the geometric angle of attack and
the uncorrected angle of attack indicated by the angle—of*attack counter.
The umcorrected sngle of attack does not differ from the corrected value
by more than 0.26° for any of the test points presented.
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Effect of Reynolds Number .

Low speed.— The effects of increassing the Reynolds number from
2,000,000 to 11,000,000 at a Mach number of 0.21 on the 1ift, drag,
pltching-moment, and elevator hinge-moment characteristics are presented
In figure 3. The angle of attack at which the 1ift curves became
nonlinear was increased by approximately 3° when the Reynolds number was
increased from 2,000,000 to 11,000,000, This effect may be correlated
with that shown in the pitching-moment data of figure 3(c) where the
abrupt forwerd movement of the aerodynamic center, which is associated
with a loss of 1lift over the cuter sections of a swept—~bhack lifting
surface (reference 8), occurred at higher 1ift coefficients as the
Reynolds number was Ilncreased. This delay in the loss of 1lift over the
outer section was accompanied by more positive elevator hinge moments
(fig. 3(b)), and by reductions in the drag (fig. 3(d)) at the higher
Reynolds numbers.

Increasing the Reynolds number caused very litile change in the loca~—
tion of the aerodynamic center (at C1,=0) for elevator deflectioms of 0°
and -10°, However, a forward movement of the serodynsmic center of 7
percent of the mean derodynamic chord accompenied an Increase -in Reynolds
number from 2,000,000 to 7,000,000 with the elevator deflected —20°.

The close agreement of the 1lift and elevator hinge-moment coeffi—
cients obtalned at the various Reynolds numbers over the linear range of
the data of figures 3(a) and 3(b) indicates that Cr,, CLges Cheyr and
Che5 were not sensitive to changes in Reynolds numbers between

a

2,000,000 and 11,000,000,

The slope parameters measured from the results of tests of a geomet—
rically similsr model conducted in the Ames 7— by 10-foot wind tunnel
(reference 2) are presented for comparison with those evaluated from
results of the present tests in the following table:

Slope Ames T— by 1l0—foot Ames 12-foot pressure
parameter wind tummel wind tunnel
(reference 2)

Crq, . 0.061 0.059
CLSe . .032 .032
Chegy, —.0024 —.0025
cheBe —.0078 _ —-.0080
Aerodynamic center, 25.0 27.6

percent € T : T ottt T T

(CL=O: 5e=0)

All measurements of slope parameters were made from data obtained at a
Reynolds number of 3,000,000 with the exception of the values of
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CLBe and Che from the Ames 12—foot pressure wind tunnel. These values
were measured from data c¢btalned at 2 Reynolds number of 2,000,000,

The agreement between the 1ift and hinge-moment parameters from the
two investigations can be considered excellent. The reason for the
difference of 2.6 percent of the mean aerodynemic chord in the location
of the aerodynamic center is not known.

High subsonic speeds.— Figure U4 presents data obtalned at Reynolds
numbers of 2,000,000 and 1,000,000 at Mach numbers of 0.60, 0.80, and
0.90. These data show that the reduction of Reynolds number resulted in
a reduction of lift~curve slope and a forward movement of the aerodynamic
center. The greatest effect occurred at & Mach number of 0.90 where the
lift—curve slope was reduced by 0.003 per degree and the aerodynamic
center at zero 1lift was moved forward 2 percent of the mean aercdynamic
chord. The change in Reynolds number from 2,000,000 to 1,000,000
resulted in no important change I1n the drag for 1ift coefficients less
than 0.4 or in the elevator hinge moment.

Effect of Machk Number

The aerodynemic characteristics of the horizontal tail at a Reynolds
number of 2,000,000 for a renge of Mach numbers from 0.21 to 0.9% are
presented in figures 5 through 12.

Lift.— The variation of 1lift coefficient with angle of attack 1s
presented in figure 5, At a Mach number of (.21, the elevator was
effective in producing changes in 1ift throughout the elevsgtor—deflection
and angle—of-attack range. As the Mach number was increased, the range
of elevator deflections for which the elevator was effective at angles
of attack greater than 12° vas progressively reduced. It 1s not known
if this effect exlsts at Mach numbers greater than 0.85,as insufficient
wind—tunnel power was avallable to test at angles of attack greater
than 12° at these speeds. The variation of 1ift coefficlent with
elevetor deflection at an sngle of atbtack of 0° is presented in figure 17.
These data show that the elevator effectiveness was approximately
constant over a range of elevator deflections between 6° at all Mach
numbers.,

The effects of Mach number on the values of CLa s Cligys and U
are shown in figure 18. The elevator—effectiveness parameter CL@
increased graduslly from 0.032 at a Mach number of 0.21 to 0.038 at a
Mach number of 0.87, and decreased abruptly with further increase in
Mach number. The stabilizer effectiveness parameter Cr, increased.
from 0.059 per degree at a Mach number of 0.21 to 0.082 per degree at a
Mach number of 0.93 in close agreement with the variation predicted fram
reference 6. Increasing the Mach number from 0.93 to 0.9% resulted in

an ebrupt decrease of CL,. At low speeds, the value of og_, Wwas —0.54
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and waes little affected by compressibility at Mach numbers up to 0.70.
At higher Mach numbers, the gbsolute value of as decreased, the

decrease becoming very rapid &t Mach numbers abovg 0.85. At a Mach
number of 0.94%, the magnitude of U had decreased to 65 percent of
its low—speed wvalue.

Hinge moment.—~ The elevator hinge-moment coefficlents for various
Mach numbers up to 0.94 are presemted in figure 6 as s function of
angle of attack and in figure 7 as a function of elevator deflectiom.

At the higher Mach numbers the slopes of the curves vary considersbly
with angle of attack and with elevator deflectiomn; therefore, the hinge-
moment parameters Che8 and Chem are not indicative of the hinge—

moment characteristics Sf the horizontal tail and any discussion in
terms of these parameters would be misleading. At Mach numbers less
than about 0.85, increasing the Mach number caused gradual changes in
the elevator hinge-moment coefficients for elevator deflections and
angles of attack between +6°. The Mach numbers at which rapid changes
in the elevator hinge-moment coefficlents occurred were dependent upon
the elevator deflection and the angle of attack. This is 1llustrated in
figure 19(a) which presents the variation of elevator hinge-moment coef—
ficlent with Mach number for several angles of attack at 0° elevator
deflection and in figure 19(b) which presents the variation of elevator
hinge—moment coefficlent wlith Mach number for several elevator deflec—
tions at an uncorrected angle of attack of 0°©,

Tab effectiveness.— The varilation of elevator hinge-moment coeffi—
clent with elevator deflectlon for several tab deflectioms 1s presented
in figure 7. The tab-effectliveness parsmeter Ches , meagured at 0°

elevator deflection, had a value of —0,0035 and wastlittle affected by
compressibility. This is evident from the date of figure 20 which
presents the elevator hinge-moment coefficient produced by tab deflection
ACh, a8 a function of Mach number, For negative elevator deflections
the tab effectlveness decreased with increasing Mach number, especlally
at the larger tab deflections. With an elevator deflection of —10° the
tab was ineffective when deflected more than 10° at Mach numbers above
0.90. The change In 1ift coefficient due to deflection of the teb 1s
showvn In flgure 17.

The tab hinge-moment coefficlents are presented in figure 8 to
permit application of the tab—effectlveness data to the deslign of a
simple or spring—tab installation.

Pressure difference across the elevator—nose seal.— The variation
with elevator deflection of the pressure coefficient across the elevator—
noge seal is presented in figure 9. The low—speed data are not in close
accord with those of reference 2. The comparatively greater spanwise
varliation of pressure coefflclent across the elevator—mnose seal than is
shown in reference 2 may be attributed to the dlvision of the balance
chamber into three sections between which alr could not flow. The hinge
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line of the model tesfed in this investigation was slightly offset,
which required a distortion of the curtains to prevent a discontinuity
at the hinge line. BREvidence of thie offset of the elevetor hinge line
is given by the pressure-distribution dste shown in figure 12. Leakage
around the ends of the seal In each section of the balance chamber may
have had an effect on the balancing pressures, particularly in the tip
section of the balance chamber where the ratlio of leasksge area to vent
area between the curtains and the elevator was the greatest.

Inepection of the dste presented In figure 9 reveals that, in
genersl, the rate of change of the pressure coefficlent across the
elevator-nose seal wlth elevator deflection, measured at 0° elevator
deflection, became more positive as the Mach number was increased to
0.93. At a Mach number of 0.21, the rate of rise of balancing pressure
wWith elevator deflection decreased asbruptly at large negative elewator
deflections. At 0C angle of atbtack, for example, the balsncing pressure
In the middle section of the chamber did not increase when the elevator
was deflected more then —20°. As the Mach mmber was increased, a
decrease of balancing effectiveness occurred at progressively smaller
elevator deflections. At a.Mach muber of 0.93 and at an angle of attack
of 0°, the balancing pressure in the middle chamber increased little as
the elevator was deflected beyond —4°,

In order to evaluate the reduction of elevator hinge moment obtain—
able through the use of a sealed internsl aerodynamic balance, the
hinge-moment coefficients for an elevator wlth a balance plate extending’
from O to 96 percent of the spar with a chord of 0.35ce! have been
computed. The total elevator—deflection range would be limited to
approximately 36° 1f thils amount of balance were employed. In computing
the hinge-moment characteristics of the balanced elevator, 1t was
assumed that the pressure difference indicated by each pasir of orifices
existed wniformly over the balance plate between the center lines of the
hinges which limited that section of the balsnce chamber wherein the
orifices were logated, The computed hinge moments of the balanced
elevator are compared with the messured hinge moments of the radius—nose
gealed elevator in figure 21. These computations show that, at a Mach
mumber of 0.21, use of the sealed Internal balsnce would result in a

ac
50-percent reduction in % for elevator deflections less than —14°,
e
As the Mach number was increased,the range of elevator deflection for

which ashe was subgtanilally reduced by the Internal balance was
e

progreaslively decreased. At a Mach mumber of 0.93, for example, the

value of was reduced by only about 12 percent at elevator deflec—

he

Be
o Chng

tions grester than 4., At this Mach number the value of S5 was

approximately zero for elevator deflections between +1°. An:;a gregter
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amount of internsl balance would result In overbalance a(i:’or small elevator
deflections. The range of angle of attack for which —&E—g was reduced
by the iIncorporation of the intermsl balance became progressively

smaller as the Mach number was Increased.

Pltching moment.—~ The piltching-moment coefficients sbout the
gquarter point of the mean aerodynamic chord are presented as a function
of 1ift coefficient in figure 10, At low speed, loss of 1ift over the
outer sections, which caused static longitudinal instability as indicated
by the break in the piltching-moment curves, occurred at a 1ift coefficient
of about 0.6 with the elevator undeflected and at lower 1ift coefficients
a8 the elevator was deflected negatively. An increase in Mach number
to 0.90 caused little change In the 1lift coefficient at which static
longitudinal instability occurred. This instabllity did not occur at
Mach numbers of 0.93 apd 0.9% within the angle-of-attack range for which
data were obtained.

The rate of change of pltching-moment coefficient with 1lift coeffi-
cient shows that the sitatic longitudinal stabllity of the horizontel
tail increased ag the Mach number was increagsed. This effect 1s
summarized in figure 22 where the locstion of the aerodynamic center
(for 5e=0° at C1=0) 1s presented as a function of Mach number. At low
speeds, the aerodynamic center was at 27.6 percent of the mean aero—
dynamic chord and its location varied only slightly with Mach numbexr
up to 0.85. A rapid rearward movement of the aerodynamic center
occurred as the Mach number was increased from 0.85 to 0.9k,

The pitching moment due to deflectlion of the elevator increased
with Mach number as illustrated in figure 22, where the negative value
of the parameter (Jm,(3 is shown to increagse from —0.0098 per degree at

e

a Mach number of 0.21 to ~0.0165 at a Mach number of 0.9k,

Drag.— The drag data of figure 11 are summarized in figure 23
where the minimum drag coefficlent, maximum lift—drag ratlo, and the
1ift coefficient at which the maximum lift—drag ratio occurred are
presented as a fumction of Mach number. The Mach number for drag

divergence, defined as the Mach number at which %CE = 0.10, was approxi-—
mately 0.91 when the elevator was undeflected. The maximm lift-drag
ratio was 20,5 at a Mach number of 0.21. The effects of compressibility
on the maximum lift—-drag ratio were small up to a Mach number of about
0.80, but marked decreases occurred with further increases in Mach
number., At s Mach number of 0.9% the maximum lift—drag ratic was about
one—third of that at low speed. The 1lift coefficlent for maximum lift—
drag ratio increased wilth Mach number at Mach numbers greater than

about 0.60.
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Pressure distribution.— The streamwise distribution of static
pressure at the midsemispan was measured to correlate the effects of Mach
nunber, as evaluated from force measurements, with changes in the surface
pressures and to provide data for structural design. These pressure—
distribution data are presented in figure 12 for varlous elevator deflec—~
tions and angles of attack for the same Mach numbers for which force data
are presented.

The magnitude of the pressure coefficient which corresponds to
sonic velocity normel to the quarter~chord line wae cailculated from the
following equation based on simple sweep theory:

A
= -2 -, R Y- o\ 71 _
PC?A=35O M2 [ vl + il M= cos2 35 1 ] (1)

where 7y 1s the ratio of specific heats and is equal to 1l.4k. The
values of PCrAu35° calculated from the above equation eare shown in

figure 12 in order to Indicate the conditions for which there was super—
sonic flow in a direction normal to the quarter—chord limne at the
midsemispan.

The reason for the reduction of elevator effectiveness at the
higher Mach numbers is evident from the data of flgure 12. At low
speeds, the decrement in 1ift due to negative elevator deflection was
distributed over the airfolil chord. However, at the higher Mach numbers,
deflection of the elevator produced very little change in the surface
pressures forward of points on the stabillizer where the flow was
indicated to be supersonic normal to the quarter—chord line, At small
elevator deflections, increasing the Mach nmumber beyond 0.90 caused
supersonic flow over the elevator. The resultant change in the load
distribution over the elevator can be correlsted with the large increase
in elevator hinge-moment coefficient shown in figure 19(b) for an
elevator deflection of —4° between the Mach nmumbers of 0.90 and 0,.94%.

Effects of Leading-Fdge Roughness

Results of tests conducted with standard roughness, applied to the
leading edge asg described in reference T, are presented in flgures 13
through 16. Results of tests without leading-edge roughness are also
presented in these Tfigures for purposes- of comparison.

Loss of 1lift over the outer sections of the tail occurred at
slightly lower angles of attack at Mach numbers greater than 0.60 when
leading—edge roughness was applied. (See figs. 13 and 15.) The
stabilizer effectiveness and elevator effectiveness were reduced when
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roughness was gpplied to the leading edge. These effecte are summarized
in figure 2k where the values of Cy, snd Crg_, Which were measured fram
the data of flgure 13, are presented as a ﬁmgtion of Mach number. It
was asgumed In messuring CLBe that the elevator effectiveness was
constant between deflections of 0° and 4°. The greatest reduction in
effectiveness occurred at a Mach number of 0.93 where Cly and CI.s were
each reduced by 0.012 per degree.

Inspection of the data of figure 14 shows that leadlng—edge
roughness caused sizable reductions in elevator hinge moments when the
elevator was deflected.

Leading—edge roughness cauged a large forward shift of the aero—
dynemic center st Mach numbers greater than 0,70. Figure 25 shows this
effect to be greatest at a Mach number of 0.93 where the aesrodynamic
center (measured for 8e=0 at C1,=0) was shifted from 36.7 to 28.8 percent
of the mesn serodynamic chord.

As would be expected, application of leading-edge roughness resulted
in increased drag. (See fig. 16.) Figure 25 shows that the Increment
of minimm drag coefficlent due to leading-edge roughness was about
0.0060 at low speed and about 0.0040 at a Mach number of 0.93.

Effect of Removal of Elevator-Nose Sesl

The effect of removal of the elevator-nose seal is shown in figures
13 through 15 where comparison is made between data obtained with the
elevator nose sesled snd with the elevator nose unsealed.

The data of figure 13 show that umsealing the elevator nose had no
important effect on the variation of 1ift with angle of attack, The
elevator effectiveness, however, was reduced. This effect is summarized
in Pigure 24 where 016 is presented as a function of Mach number.

The meximum reduction in C1s, Wwas O. 004k per degree, which occurred at
2 Mach number of 0.60.

In general, unsealing the elevator-nose gsp caused slight increases
in the elevator hinge moment when the elevator was deflected.

CONCLUDING REMARKS

The results of wind—tunnel tests conducted to evaluste the independ—
ent effects of Reynolds number and of Mach number on the aerodynamic
characteristics of a horizontal tail of aspect ratio 4.5 w*'h the quarter—
chord line swept back 35° have been presented, _ .
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Results of tests at a Mach number of 0,21 over a range of Reynolds
numbers from 2,000,000 to 11,000,000 indicated that:

l. An increase of Reynolds number increased the angle—of—attack
range over which the variation of 1ift with angle of attack was linear.

2. The aerodynamic characteristics of the horizomtal tall were
not sensitive to scale between Reynolds numbers of 2,000,000 and
11,000,000 within the angle—of~attack range for which the variation of
1ift with angle of attack was linesr.

Results of tests at a Reynolds nmumber of 2,000,000 over a range of
Mach numbers from 0.21 to 0.94 indicated that:

1. An increase in Mach number from 0.21 to 0.93 resulted in an
increase in lift—ciurve slope from 0.059 to 0.082 per degree; further
increase in Mach mumber to 0.94% caused an abrupt decrease in lift—curve
slope,

2. The elevator-effectliveness parameter CLSe increased from

0.032 to 0.038 per degree between Mach numbers of 0.21 and 0.87, and
decreased rapidly as the Mach number was increased to 0.9k.

3. The Mach number at which marked changes in the elevator hinge—
moment coefficients occurred was dependent upon the angle of attack and
elevator deflection; however, the changes in the elevator hinge—moment
coefficients at sngles of attack and elevator deflections between 16°
were gradusl as the Mach number was increased tc 0.85.

k. The teb was effective in producing a balancing increment in
elevator hinge moament thro_ughmﬂ. the Mach number range.

5. Incorporation of sealed intermal balance sufficient to cause
a 50—percent reduction in the variation of elevator hinge moment with
elevator deflection at a Mach mumber of 0.21 cesused only a l2-percent
reducz%on at a Mach number of 0.93 for elevator deflectiomns greater
than .

.Results of tests made to evaluate the effect of leading-edge
roughness indicated that:

l. Ieading-edge roughnesg caused reductlions in the lift-curve
slope and in the elevator effectiveness.

2. ILeading-edge roughness csused a Bizable reduction in the
elevator hinge moment when the elevator was deflected.

Results of tests made to evaluate the effect of unsealing the
elevator—nose gap indicated that:
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1. Unsealing the elevntor-nose gap had no important effect om the
l1ift-curve slope, but reduced the elevator effectiveness.
2. In general, umsealing the elevator-nose gap caused alight
increases in the elevator hinge moment when the elevator was deflected.

Ames Aeronsutical Iaboratory,
Netlonal Advisory Commltiee for Aeronautics,
Moffett Field, Calif.

APPENDIX

The following tables have been included to provide a convenient
index to the data of this report:

FORCE AND MCMENT CHARACTERISTICS

Reynolds Rumber Varieble

Results R M Figure
presented number
T == |
C1, vs o 2,000,000 0.21 0,-10,-20 3(a)

to
11,000,000
Ch, VS 3(b)
Cr, v8 Cm 3(c)
Cr, v8 Cp v v 3(d)
CL vs o 1,000,000 | 0.60,0.80, 0 k{a)
and 0,90
2,000,000
Che V8 @ L(b)
CL vs Cm kie)
Cy, ve Cp v v v 4(d)
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Mach Number Variable

[R=2,000,000]
esults

I1{-esentef1 M @, deg Be, deg 5%, deg iﬁ;
CL v8 o 0.21 |-10 to 24 | 6 to 25 0 5(a)
.60 \l' 5(b)

.80 l 5(c)

.85 [-10 to 20 5(d)

.90 |—-10 to 12 | 6 to ~20 5(e)

93 |—10 to 10 | 6 to —0 5(£)

N7 9Ok -8 %0 8] &4 to ~10 5(&)
Che V8 @ 21 |=10 to 24k | 6 to ~25 6(a)
.60 ‘lr 6(b)

.80 l 6(c)

.85 {—10 to 20 6(d)

«90 }-—-10 to 12 | 6 to —20 6(e)

«93 ]-10 to 10 | 6 to ~20 6(£)

v .94 -8 to 8| % to ~10 v 6(g)
Che V& Be .21 0,4,8 6 to~25 | 0 to 15 T(a)
.60 T(b)

.80 l T(e)

85 7(4)

<90 6 to —20 T(e)

.93 6 to —-20 7(£)

v Sk 0,k Lk to <10 (&)
Chy, Ve Be 21 | o,k8 | 6to—25 8(=)
60 8(=a)

.80 ‘1' 8(a)

85 0,4,8 6 to —25 8(1b)

.90 8(1)

93 | l 3(b)

v Gk v 8(v)
Ap/a vs Be 21 | 8 to2k | 6 to—25 0 9£ag
.60 9(b

.80 J/ l 9(c)

.85 -8 to 20 9(a)

90 -8 to 8} 6 to 20 9(e)

<93 -8 to 8] 6 to —£0 9(£)

v <9k -4 to 8} & to —10 9(g)

CL v& Cm 21 |10 to 2% | 6 to —25 10(=a)
" .60 10(1)

.80 ‘vl/ l 10{ec)

.85 |—-10 to 20 10(4)

.90 |-10 to 12 | 6 to —20 10(e)

.93 |-10 to 10 | 6 to 20 10(f)

\ 4 .94 -8 to 8| &k to -10 10(g)

C1, vs CD 21 |-10 to 24 | 6 to —25 11(a)
.60 11(p)

.80 ¢’ L 1i(ec)

.85 |—-10 to 20 11(4)

.90 |-10 to 12 | 6 to —20 11(e)

.93 |—-10 to 10 | 6 to —20 11(£)

\ Ok 8 to 8| & to -10 l/ 11(g)

17
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STREAMWISE DISTRIBUTION OF STATIC PRESSURE AT THE MIDSEMISPAN

[R=2,000,000; B54=0° ]

Results presented M o, deg Ba; deg | Figure number
P ve percent chord | 0.21} 0,4%,8 0,~4,-10 12(a)
- -15,—20
.21 | 12,16,20 12(Db)
.60 | 0,k4,8 12(c)
.60 | 12,16,20 12(d)
80| 0,4,8 12(e)
.80 | 12,16,20 12(f)
85| 0,4,8 12(g)
.85 | 12,16,20 12(h)
.90 | 0,4,8 12(1i)
.93 v 12(3)
v 9k 0,~4,~10 12(k)
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SEPARATE EFFECTS OF LEADING—EDGE ROUGHNESS

AND REMOVAT. OF ELEVATOR-NOSE SEAL

[R=2,000,000; Be=4°, 0°, —15°%; 54=0°]

Results ' Figure
presented @, deg number
Cr, v @ | 0.21| =10 to 2k} 13(a)
.60 13(b)

.80 13(c)

.85 | —10 to 20| 13(4)

.90 | =10 to 12| 13(e)

\ .93 ]| —-10 to 10} 13(f)
Che V8 @ 21| =10 to 24} 1k(a)
.60 14(Db)

.80 1h(c)

.85 —10 to 20| 14(4)

.90 | =10 to 12| 1k(e)

N .93 | =10 to 10| 1ki(f)
Cr, v8 Cm 21 f~10 to 2k | 15(a)
.60 15(b)

.80 15(c)

85| =10 to 20} 15(4)

.90 | =10 to 12| 15(e)

N .93 —10 to 10| 15(f)
CL, v8 Cp 21{-10 to 2 16(a)
.60 16(b)

.80 16(c)

.851~10 to 20| 16(d)

.90 | —10 to 12| 16(e)

19
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SUMMARY FIGURES

[R=2,000,000; M=0.21 to 0.9%]

NACA RM A9G13

L/D and minimm Cp vs M

2
CLy,» Clﬁe’ and a.se v8 M

2perodynsmic—center location
(for C1=0 at Be=0) and
minimm Cp ve M

Results presented a, deg ba, deg
—
C1, V8 Be 0 6 to —25
CLa,’ Clﬁeandonsest ————— - -
Che V8 M -8 to 24 0
Che V8 M 0 6 to —25
ACp, V8 M 0 0,-6,-10
1Che VB Be and Cho VS « —-10 to 2kt | 6 to —25
Aerodynamic—center locatlon
(for C1,=0 at 5e=0) and = 0| = === - -
Maximum L/D, C, for maximum | _ o to ~15

— — e —

8y, deg | pETS
0 to 15 | 17
——-——| 18

0 19(a)

0 19(b)
5,10,15 | 20

0 21
—_————] 22

0 23
——— | o
—_—— =25

J‘Shows the computed effect of a sealed internasl aserodynamic balance ox
the elevator hinge-moment coefficients.

®Shows gseparate effects of leading—edge roughness and removal of

. elevator—nose seal.
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TABLE I.— COORDINATES FOR THE NACA 6L4AO10 ATRFOIL SECTION

[All dimensions In percent of chord]

Upper and lower Surfaces

Statlion Ordinate
0 0
.50 .80k
. .969
1.25 1.225
2.50 1,688
5.00 2.327
T7.50 2.805
10.00 3.199
15.00 3.813
20,00 4 272
25.00 4,606
30.00 4.837
35.00 L.968
ko.00 k.995
k5.00 L 894
50.00 L, 684
55 .00 4,388
60,00 4 021
65.00 3.597
T0.00 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




Dimensions shown in inches
unless otherwise nofed,

|<—N.25-——>

chord of airfoil section

0.5 chord of airfoil seclion
/
Elevator hinge Iline, 0.70 /

Locaflon of pressure-
distribution orificés

Tab hinge Iine

NACA 644010
airfoll  sectfon

J8.00

Figure |— The horizontal tail model with 35° of swespback.

Aspect ratio
Taper ratio
Area semispan
Elevator area
Tab area

T

Section

4.5

0.5

4443 1%
1204 12
Q0777 %
1.458 ft

A-A

CTDEV WH VOVN

£e
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Figure 2.— Semispan horizontal tail model mounted in the 12-foot pressure
wind tunnel.
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