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RESEARCH MEMORANDUM

AERNDYNAMIC FORCE CHARACTERISTICS AT HIGH SPEEDS
OF A FULL-SCALE HORTZONTAL TAIL SURFACE TESTED
IN THE LANGLEY 16-FOOT HIGH-SPEED TUNNEL

By Carl F. Schueller, Gorald Hieser, and Morton Cooper
SMMARY

Tests have been conducted In the Langley 16-foot high-
gpeed tunnel to Adetermine the serodynsmic characteristics gt
high speeds of a full-scale horizontal tall surface. The tests
were carried to a maximum Mach number of 0.68 except for model
configurations at which the maxyimm ellowable loads were reached
at lower speeds.

The elsvator hinge-moment paremeter chs increased more
repldly and the parameter C less raplidly with incressing
Mach number than would be predicted by the use of Glauvert's
factor, Chm Increasing from -0.0012 to -0.0015 and cha
increasing from -0.0051 to -0.006Q between M = 0.20 and
M = 0.68. The elevator effectivensss Ju/d8, dscreased from
0.538 to 0.415 between M = 0.20 and 0.68, because Cr,
incressed much more rapidly than did CL6 with increasing
Mach number. The elevator trim-tab- effectiveness parameter
J5,/38; decreased from 0.43%k to 0.335 between M = 0.20
and 0.60. However, this decrease occurred because O

increased more rapidly than-did. Chs - with Increasing ﬁach.
number.

INTRODUCTION

A full-scale semispan left-hand horizontal tail surface of
a high-spesed alirplane constructed. according to present-day
production methods was tested in the Langley 16-foot high-
gpeed tunnel. The vurvose of thls investigation was to determine
the aerodynamic characteristics of the horizontal tail at high
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speeda. Tho tests to determine the extermal pressurs distribution
and balance-chamber pressures are in the procese of analysis and
will be presented 1n a later report.

SYMBOLS

2
Cp drag coefficlent <‘10 s)

Chn hinge-moment coefficient < .‘Hg‘b )
95Ce Pg
C 11t coefficlent L
. | <QoS>
: Mc! L
Cm pltching-moment coefficient
%5 |

D drag of horizomtel semlepan tail surface
H hings moment of elevator
L 1ift of horilzontal semispan tall surface
Mgt /h pitching moment ebout the querter-chord point of the
mean aercdynamic chord
P pressure coefficlent (3—:?29)
o
P . static pressure at any polnt, pounds per sguare foot
q dynamic pressure, powmds per square foot (—é—p"fe)
v ‘veloclty, feet per second
P deneglty, sluge per cublc feet
b span of model (7.5 f£t)
s totel arsa of horizontal semispan tell surface,

(24.13 B8q ft)

Co root mean square of the elevator chord aft of the hinge
line (0.975 £t)

c' mean eerodynamic chord (3.3% ft)

M Mach number
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R test Reynolds nwn'ber
o free-eir sngle of attack of stabilizer, degrees

ap angle of attack of stebilizer wmcorrected for w:lm-tlmnel-
wall interference, degrees

8, angle of elevator chord with respect to the stabilizer
chord (trailing edge down is positive), degrees

84 eangle of trim-tab chord with respect to the elevator chord
(treiling edge down is positive), degrees
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The subscripts outside the pasrentheses represent the factora
held constent in the determination of the parameters.

Subscriptas
e elevator
1 internal

t trim tab

's) free stream
APPARATUS AND METHODS

Test model.- The modsl was a full-scale left-hand horlzontal
tell surface of & high-speed alrplane. The airfoll was a symmetrilcel
section 10 percent thick having meximum thickness at 40 percent of
the chord. Sincé a semlspan model was used, it was necessary to
locate the center line of the horizontal tall surfaco in the plans
of the tumnel well to produce alr-flow conditions approximately
corresponding to those of flight. This result was accomplished
by adding a S5-inch stub wing to the root section of the tall
surface. The model was installed in the tunnel in an inverted
position as shown in figure 1. Figure 2 and teble I present the
physical charascteristics of the tail surface.

The stabllizer wes of metal construction.. Flush-head rivets
were used In order to obtaln a emooth, continuous surfacey however,
swrface irregularities exlsted as may be seen in figure 1. The
stabilizer included a balence chembor which is shown in detail in
figure 3. A rubberized fabric seal was located between the nose
of the elevator belance plate ani the atabilizer balsnce chamber
to prevent alr leekege from the high-pressure tc low-pressure
gldes of the tall surface. The seal slec extended around the
hinge pockets to prevent loss of balance pressure at these points.

The elovator was flush riveted, metal covered, and did not
contain any ailr vents or drain holses. The elevator was an
internslly balanced sealed type sand included s balance plate
attached to the elevator nose. The elevator contour was a
straight taper aft of the hinge line. '

The elevator was equipped with a trim tab, the main
dimensions of which are shown in figure 2. The production teil
included a 24-volt diroot-current motor rated at 1/ 30 horsepower at

-
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7500 revolutions per minute which was used to actuate the trim
tab.,

Hinge-moment measurement.- The elevator torgue tube was
extended through the tunnel flat and through two self-alining
bearings which were mounted on the tunnel balance frame. The
elevator hinge moments were transferred through the elevator
torque tube to s 10-inch crenk and then through a jack screw to
a scale platform. {See fig. 5 of reference 1.) The platform
scaele was attached rigidly to the tumnel balence frame; and since
gll other related parts were also attached to the tvmnel balance
frame, there was no possibility of the hinge-moment measurements
interfering with the 1ift, drag, end pitching-moment measurements.
All force and moment data were recorded simultanecusly.

Elevator-angle measurement.- The root elevator angle was
determined by means of an autosyn. The transmitier was rigidly
attached to the stabilizer rear sper at spproximately the O-inch
station (center line of airplane). A small pinion gear located
on the transmitter shaft was driven by a large gear sector which
was mounted rigidly to the elevator torque tube. Thus all elevator
deflections were multiplied by & gear ratio of 12:1. A calibrated
dial provided a continuous visual reading cof the indicated root
elevator angle. However, because of twist in the torque tube
between the root of the elevator (S-inch station) and the mear
sector (O-inch station), the indicated angle was not the true
elevator root engle. A correction for this twilist was determined
statically and was applied to the indicated elevator angle as the
tests were being run. The zero reading of the asutosyn indicator
was checked periodically with a templetb. This system measured the
elevator root angle within $+0.1°.

Trim-tab angle measurement.- The trim-tab root angles were
determined by means of a slide-wire reslstance position indicator
which was fastened rigidly to the elevator at approximately the
S5-inch statlon. As the trim-tab angle changed, the posliiion of
the plckup arm varied, changing the resistance in the circult; the
corresponding changes in current were.indlcated on a microcammster.
The trim-tab angle was calibrated against the microammeter reading
and this calidbration was chécked perlodlcally. The trim-tab root
engles are accurate within 10.25°. .

The variation in hinge-moment coefficient with time was
determined by photographing the hinge-moment scale at 32 frames
per second. The trim-tsbh angle at any given time was then determined
from these dgta and the baslc trim-tab serodynamic data.



6 " NACA RM No. LTD0O8a

Angle—of-attack measurement.— The angle of attack was measured

with an autosyn set up similar to the elevator roct angle indlcator.

The angle—of-attack indicator reading was checked perlodically
during the tests by means of an Inclinometer. The stabilizer root
angles of attack are accurate within 10.05C.

TESTS

The general asrodynamic data were obteined for a Mach number
range from 0.20 to 0.68 for angles of attack o« of —3°, % y

0°, 1%3 39, and 6° and for elevator deflections 8y of ~17°,
~13°, =99, 69, -U°, 20, 09, 2°, 40, &°, and 9°. Any combination
cf these variables was limited by the maximum ellowable load on
either the stabilizer, elevator, or tail surface as a unit based
on three—fourths of the design limit load. The trim—tab teats

o] o
were run for angles of attack of -l% , 0%, and %% ;s elevator

angles of —5°, 00, and 5°, trim-teb angles &y of -16°, -89, 0°
and 8° and Msch numbers of 0.20, 0.40, and 0.60. Additional
teats were made to determine the rate of change of trim-—teb angle
with time. These tests were conducted at a Mech number of 0.50,
a tunnel angle of attack of ~1°, and an elevator angle of -5°
from the neutral to the maximum positive and negative tab angles,
and at a Mach number of 0.60, a tunnsl angle of atitack of 0° and
an elevator angls of -5° from the neutrasl to the maximum positive
ang negative teb angles.

REDUCTION OF DATA

The data presented in this repcrt have been corrected for
tunnel-wall effects by the use of the reflection plane theory
given 1n reference 2. Ths projected frontal aresa of the modsl
was small in camparison to the tunnel croes sectional area so
- that tunnel constriction corrections were found to be negligible.
Also, corrections to pitching moment due to model and balance-
frame deflections were found to be neglligible.

The horizontal tail surface was installed in the tunnel ia
an inverted position, but the signs of all coefficients and angles
are presented so that the data may be applied directly to the
airplane in the usual sense. Ths corrected data were cross—
plotted and the faired valuss at selected angles of attack,
elevator angles, and trim—tab angles were then plotted against

~
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Mach number. The average test dynamic pressures and average test.
Reynolds mumbers corresponding to the test Mach numbers are shown
in figure 4. The Reynolds number is based on the mean aerodynemic
chord of 3.34 feet. The results are generally plotted against
Mach number rather: than welocity or dynamic pressure because 1% is
considered likely that Mach number is the deminating verisble. The
effects shown in these plots, however, are not entirely compressi-
bility effects as they also include changes duve to distortion of
the model under load.

The rate of change of trim-teb angle with time was determined
by reducing the photographed hinge-moment data to cocefficlent form
and using them in conjunction with the basic hings-moment coefficient
versus trim-tgb angle curves for a nominal elevator angle of -5°,

RESULTS AND DISCUSSIOR

Basic Data

Effect of angle of attack.- The variation of the lift
coefficlent, drag coefficient, end pltching-moment coefficilent
over & wide range of angle of attack is shown in figure 5 for
elevator angles of 0°,and -10° & trim-tab engle of 0°, and a
Mach number of 0.20. This Figure shows that for an elevator
angle of 0°, C = 0.9 end Cp , = 0.007. This minimum

drag coefflclent is considered -to be satisfactorily low for a
modsl of this type of construction.

Effect of Mach number.- The varilation of the drag coefficient,
11ift coefficient, pltching-moment coefficient, and hinge-moment
coofficlent with Mach number 'ig presented in Pigure 6 for a test
range of engle of attack « = -3° to 6° and elevator angle 8y = ~17°
to 9°. The drag coefficient increased with Mach number et a1l
elevator angles and angles of attack. However, the Increase was
not lerge enough to indicate that the critlcal speed had been
sttained. The 1ift and pitching-moment coefficients do not increase
at all conditions as would be predicted by the use of Glausrt's

factor (1 - M?)'lf2 This result can be partially attributed to
elevator twist, stebilizer twist, or both. The elevator hinge-
noment coefficient Increased with Mach number throughout the range
of the tests. The increase is more rapld than would be predicted
by Glauert's factor, probasbly because of structural deflections.

Figure 6(c) shows that for an engle of sttack o = 0°,
elevator angle 8, = 0°, trim-teb angle B8y = 0°, and Mach
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nuber M = 0.2, the 1ift coefficient equals 0.02 and the hinge-
moment coefficient equals -0.009. Since the airfoll section 1s
symmetrical, these values might indicate discrepancies in the.

test data. However, close examination of the model indicated the
followlng construction errors which probably accowmt for the
discrepency: The elevator trailing-edge angle varied from 13.6°

to 14.0° from root to tip, the elevator had a spenwise twist of
approximately 0.8°, and the elevator lower surface had & cusp which

et the 20-inch station was %-inch deep and %g*inch deep at the

L4O-inch station. The center of theo cusp was located at approxi-
mately 0.858¢ and the length of the cusp was 0.3084.

Aerodynamic Parameters

Effect of Mach number.- The variation of GLm and CL8 with
e

Mech number 1s presented in figure T and indicates that both
parsmeters increase with increasing Mech number. The Increase of
; with Mach number 1s somewhat greater than would he predicted
by Glauvert's factor, and no critical ocondition exists up to Mach
number M = 0.68. Application of the Young-Owen method for first—
order compressibility effecta on control hinge-moment coefficlents,
which consisbs of refinsments to Glauert's factor for models of
finite aspect ratioc, yilelds results which differ only slightly
from Glauert'a factor for this model. Figure 7 shows that the

decreaged

8
elevator effectiveness which ig defined as G 8 =
Ly, Bo

from 0.538 at & Mach number of 0.20 to 0.415;at a Mach number of 0.68,
however, it should bs pointed out that this decrease in effective-
negs isg caused by the rapld Increase in CLcc and not a decrease

in cLﬁe with increasing Mach number.

Figure 8 presents the variation of Chm and Chb with Mach
e
nunber. The hinge-moment paramster Ch5 increased more rapldly
e

with inéreasing Mach number than weuld be predicted by the use of
Glauert's factor, while the parameter Op, Increased less rapidly

than would be predicted by Glauert's factor. This disagreement
can be attributed in part to structural deflections and the
limitations of the thin alrfoll theory upon which Glauert's factor
18 based.

Flgure 9 presents the variation of C and C with

Mach number. The pltching-moment parameter cm89 increased



NACA BM No. L7D08a . 9

more rapidly with Mach nmn‘ber than would be predicted by Gle.uert s
factor whlle the paramster cmm increaged as would be predicted. by

the use of QGlauert's factor.

Elevator Trim-Tab Characheristics

BEffect of Mach number.- Figure 10 shows the effect of Mach
number on the aerodynamic characteristics of the tall surface
for elevator trim-tab angles of 8° to ~16°. fThe results are

o
given for angles of attack of -1-% 0%, and 11 and elevator

angles of -5°, 0%, and 5Y. The dashed portion of the curves
represent extrapolated d.e.ta.. .

Elevator trim-tad effectiveness may be defined either as

C
hg 35
Ch or —=L o —L, The variation o:E' 'bheee parameters wi'bh

Mach number is showu in figm:'e ll. The parameter Ch& shows

a slight Increase between a Mach number of 0,20 and 0 60 while
38e/38y,. shows & decrease from 0.43k at a Mach number of 0.20

to 0.355 at & Mach mumber of 0.60. However, it must be emphasized
that this decrease results because Ch8 increases more rapidly

wlth Mach number than d.oee Chat

Rete of change of trim-tab a.n.gle wi‘bh time.~- The maximum
elevator trim-tab engle that could be obtalned with this tall
surface under aerodynemic load and the rate of change of trim-
tab angle with time under aserodynemic load were determined.

Figure 12{a) presents the variation of trim-tab angle with
time from the neutral position to the maximum position at a Mach
nmn'ber of 0,60, tunnel angle of attack of 0°, and elevator angle
of -5°, Over 'bhe linear portion of the cm‘ve, the rate of change
of trim-teb angle with time is approxima.tely 2.6° per second.

Figure 12('b) pregents similer data. for & Mach number of 0.50
at & tunnel angle of attack of 1° and an elevator angle of -59,
The rate of change of trim-teb angle with time is approximately
2.5° per second for this configuration.

Figures 13 and 14 present the variation of trim-tab angle
with time from the neutral to maximum negative position for test
conditions of Mach number of 0.60 tunnel angle of attack of 00, and
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an elevator angle of —5%; and a Mach nmumber of 0.50, tunnel angle
of attack of -1°, and an slevator angle of —5°, respectively. The
rates of change of trim—-tab angle with time are 2.2° and 2.6° por -
gecond, respectively.

Although a constant indicated elevator angle of —5° was
maintained during the trim-tab angle versus time tests, the true
elevator angle varied due to twist in the elevator hinge-moment
measurement system under varying load. Therefore, the actual
elevator angles which occurred during these runs are included in
figures 12 to 1h.

Effect of Mach Number and Angle of Attack .

on Lower Surface Skin Deflection

In order to determine the extent ané approxlmaste magnitude
of skin deflection on the tall surface, a photographic study of
the tail surface under various representative aerodynemic loads
was made.

Figure 15 shows a view of the lower surface of the horizontal
tall for no aerodynamic load. A comparison of figures 15 and 16
shows the effect of aserodynamic load on the lower—surface skin
deflections for oap = 0°, &g = —5°, By =0° and M = 0.60.

The skin bulges for this configuration ars gulte pronounced and
ococur across the entire stabilizer. The difference between the
internal pressure in the stabilizer and free-stream static pressure
is very low, smounting to approximately 0.035 pound per square inch.
The deflection of the skin must therefore be attributed to weak—
nesses of the skin structure.

Figure 17 presents the skin deflections for tunnel angles of
attack of O° and —6° at M = 0.40, 8y = 09, and 8 = 0°. For the
zero angle—of-attack condition (fig. 17(a)) the loads on the tail
are extremely small and, as a result, the skin bulges are of &
very minor degree. For the tunnel angle of attack of —6° (fig. ‘17(b}))
where the tail loeding la high, the skin bulging ls considerable
and covers the entire tall surface. The difference between the
internal pressure of the stabilizer and free-etream staetlic pressure
is only 0.016 pound per sgquare inch.

The excesslve amount of skin deflections of the horizontal
tail under lcoad may contribute to the increase in drag coefficient
with Mach number which i1s shown in figure 6.
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CONCLUSTIONS

The followilng conclusions may be drewn from the investigation
described in this report:

1. The hings-moment parameter Chse increased more rapidly
end the parameter Chv. less rapidly with increasing Mach nunber than
would be predicted by the use of Glauert's Pactor, Cha increasing
from -0.0012 to -0.0015 end Cpg  increasing from -0.0051 to -0.0069
between M = 0.20 and 0.68.

2. Both CLa, and CLB increase with increasing Mach number.
e

However, the elevdtor effectiveness pardmeter aa/ass decreased
from 0.538 at M = 0.20 to 0.415 at M = 0.68 because Cr,_ Increases
much more repldly than cLae with Increasing Mach numbery

3. The elevator trim-tab effectlveness parameter cha N Increases

slightly with Increasing Mach number. However, the elevator trim-tab
offectiveness parameter J8,/35y shows a decrease from 0.k3k at

M= 0.20 0 0,355 at M = 0.60 Decause Chs increases much more
e
repidly with increesing Mach number then doss Chst'

Langley Memorial Aeronauticsl Leboratory
Netlonal Advisory Committes for Aeronsutics
Langley Field, Va.
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TABLE I
PHYSTCAL: CHARACTERISTICS OF THE BEORIZONTAL TATL SURFACE

[Symmetﬂcal alrfoil section, 10 percemt thick]

Area of stebilizer, S, square feot . . . ¢+ ¢ ¢ . . v i e bt c c e s e e o o o 1507
Area of elevator, Sp, Bquare f6et . . . . « « ¢« . . 2 ¢+ . e s o e . ... . 856
Area of stub wing, Sp, gquare feet . . . ¢ . s ¢ c + 4 - e e e s 8 e e o o « 1. TI5
. Area of overhang, S, Bquare feet . . . . . . - 4 - ¢ s . o 4 s e s .0 ... 2.06
Area of elevator aft of hinge line, Sy, square feet . . . . . . . . . . . . . 6.5
Area of tab, Sg, square feet . . + ¢ ¢ ¢ ¢ 2 ¢ s c ¢ s e e e e s 0. e 0.6
Span of elevator, bp, £t . ¢ - o + ¢ ¢+ 2 ¢ o e s 4 s s e o a6 e 0o« 6.67
Aspect ratio, ('b.wa/fsw).............-...............h.65
Taper ratio, (ctip/"root) o
Elevator hinge-line locatlon, percent of total chord . . « . . ¢« ¢« s ¢ ¢« ¢« « « TO3
Tab hinge-line location, percent of totel chord . « « « - . . . « 88.2 at station 1

Elevator overheng, Sb/Se, POTCONE ¢ ¢ « « o o ¢ « o o e v o » o o o o s o« o 3T.T
Meen teb chord, Ty, FEOL .« ¢ v ¢ o o v ¢ « o o s + o « o o e o 0+ o 0 o . o 0863

[ ,’ « _’f .
%) ‘\+
K LY
1

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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Figure 7.- Variation of the lift parameters and elevator effectiveness

with Mach number.



Fig. 8 NACA RM No. L7D08a
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Figure 8,- Variation of the hinge-moment parameters with
Mach number.
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Figure 10,~ Variation of the aerodynamic characteristics with Mach number for various
trim-tab angles.
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NACA RM No. L7D08a Fig. 10b
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Figure 10.~ Continued.



Fig. 10c NACA RM No. L7D08a
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Figure 10.- Continued.
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Fig. 11 NACA RM No. L7D08a
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Figure 11.~ Variation of the elevator trim-tab effectiveness parameters
with Mach number.



NACA RM No. L7D08a Fig. 12
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Figure 12.- Change in trim-tab angle with time.
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Figure 13.- Change in trim-tab angle with time, « T

=0% M = 0.6.
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Pigure 14.- Change in trim-tab angle with time.
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Figure 15,- View of lower surface of the horizontal tail; zero aerodynamic
load, Stabilizer Py = 0.
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Figure 16.- Skin deflections on the lower surface of the horizontal tail,
aT—O = =50, 5, = 0%, M = 0.800, Stabilizer P, = 0.012.
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Figure 17.- Skin deflections on the lower surface of the horizontal tail.
5, = 0°, 5, 6, = 0%, M = 0.400, Stabilizer P, = 0,01L.
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(b) an = -6,

Figure 17.- Concluded,
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