Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1imaged from roll film. The collection has
deteriorated over time and is in poor condition. DTIC
has reproduced the best available copy utilizing the
most current imaging technology. ATI documents
that are partially legible have been included in the
DTIC collection due to their historical value.

If you are dissatistied with this document, please feel

free to contact our Directorate of User Services at
[703] 767-9066/9068 or DSN 427-9066/9068.

Do Not Return This Document
To DTIC



ER——
w .
.

: . Reproduced by \
~ AR DOCUMENTS DIVISION

HEADQUARTERS AIR MATERIEL COMMAND
WRIGHT FIELD, DAYTON, OHIO




&

\

US GOVERNMENT

IS ABSOLVED

FROM ANY LITIGATION WHICH MAY

ENSUE FROM THE CONTRACTORS N -
FRINGING ON THE FOREIGN PATENT

RIGHTS WHICH MAY BE INVOLVED.

Lo







Ds2.327 b

™ Neo.ATC08a

NACA

RE§EARCH MEMORANDUM
y i @'!‘.775{

: A@DYNAHIC FORCE CHARACTERISTICS AT HICH SPEEDS
L
CF A FULL-SCALE HORIZONTAL TATL SURFACE TESTED
g I THE TANGLEY 16-FOOT HIGH-SPEED TUNNEL
QrCa.rl F. Schueller, Gerald Hioser, and Morton Cooper

Lengley Memorial Aeronautical Laboratery
Langley Field, va.

’
L -
1
~
=

NATIONAL ADVISORY comwrreg
FOR AERONAUTICS \ﬁ\a |

SHING
WASHINGTON '\“G




k——

NACA T No. 1708
' NATIONAL ADVISORY COMMITTEE FOR AERONAUPICS

Spu——————————

ANRODYRAMIC FORCE CHARACTERISTICS AT HIGH SPEEDS
OF A FULL-SCALY BORIZONTAL TAIL SURFACE TESTED
IN THE LANGLEY 16-FO0T HIGH-SPEED TUNNEL
By Carl ¥, Schueller, Gerald Hiesar, and Morton tbopor

"

Tests have besn conducted in the Langley 16-foot high-
spesd tunnel to determine the aerodynamic characteristice at
high evneeds of a full-scale horizontal tail surface. The teets.
were carried to a maximum Mach number of 0.68 excert for model
configuratione at vhich the maximum allowable loads were reached
at lover epeeis. '

The elevator hiﬁso-mt paranmster chb' increased more -
rapidly and the parameter ¢ leas rapidly with increasing
Mach nwrber than would be predicted by the use of Glauert's
factor, Chg insreasing from -0.0012 ¢to -0.0015 end C
increasing from ~0.0051 to -0.0069 between M = 0.20 and
M = 0.68. The elevator effectiveness 3u/d8, decreased from
0.538 to 0.415 between M = 0.20 and 0.68, becauss Cly
increasod much more rapidly than 4id c‘% with increasing
Mach number. The elevator trim-tab-effectivenees paramester
38,/08, decreased fram 0.43% to 0.335 betwsen M =» 0.20
and 0.60. However, this decrease occurred because C
incressed more rapidly than aia chbt with increasing’

nwmbex.

: ;

A full-scale semispan left-hand horizontsl €all surface of
s high-spesd airplans constructed according to present-day
production methods was tested in the Langley 16-foot high-
speed tumsl. The nurpose of this investigation was to determine
the asroiynamic characterietice of the horizontal tail at high
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speeds. The tests to Avtermine the external prossure aimilmuon
and delance-chamber pressurss are in the process of analysis amd
will be presented in a later report. _

STMBOLS
areg ourrzc;;nt (525)

hings-moment coefficient

11t cosfricient [-E

908
pitching-moment coefficient (HL;LI:

drag of horizontal ueuinan tail -urfm
hinge moment of elevator

1ift of horizontal semiapan tail surface

il S R )

»

pitohing moment about the guarter-chord point of tho"
mean aerodynamic chord .

L

pressure coefficient (—Eﬁ)
: o

static pressure at eny point, vounds per square fook
dynamic presaure, pownds per aguare foot (bva) |
velocity, feet per mecond ' -
dcnsity, sluge per cudbic fost

span of model (7.5 ft)

total area of horizontal ssmispan tail surface,
(2h.13 #q £t)

root mean square of the elsvator chord aft of m hl.np
line (0.975 £t)

mosn asrodynamic chord (3.3% f¢)
Mach mamber '
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R... test Reymolds. m
free-air nngle ‘of nttaek ot Mlnur, hmol e

angle of attack of stabilizer uncorrected for m—tml-
wall interfersnce, dsgrees

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

maedtﬂrubemuthmapeettomnmm
(trailing edge down 1s positive), degrees
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Subsoriptas
elevator
internal

trim tad
free stream

Test model.- The model was a full-scale lef't-hand horizontal
tail ewmxface of a high-spesd airplane. The airfoil was a symmetrical
seotion 10 percent thick baving maximm thickness at 40 percent of
the chord. Since a semispan model was used, 1t was necessary to
looate the center line of the horizomtal tail surfaco in the plane
of the tumel wall to produce air-flow conditions approximately °
corresponding to those of flight. This result was accomplished
by adding a 5-inch stub wing to the root section of the tail
surface. The model was installed in the tumel in an inverted -
poaition as shown in figure 1. ¥Figure 2 and table I present the
physical characteristics of the tall surface.

The stabilizer was of motal construction. Flush-head rivets
were used in order to obtaln a mmooth, cantinuwous surface, however,
swrface irregularitiec oxisted as may be seen in figure 1. The
atadilizer included a balence chambor which is shown in detall in
figure 3. A rubberized fabric seal was located betwoen the nose
of the elevator balance plate and the stabilizsr balance chember
to prevent air lsakege from the high-pressure to low-pressure
aides of the tall surface. The seal also extended around the
hinge pockets to prevent loass of balance pressurs at theee points.

The elovator vas flush riveted, metal covered, and 4id not
contain any alr vents or drain holes. The slevator was an
internally balanced, sealed type, and included a delanco plate
attached to the elevator nose. The elevator contour waes a
straight taper aft of the hinge line.

The elevator was equipped with a trim tadb, the main
dimensions of vhich are shown in figure 2, The production tatl
inocluded a 2h-volt dircot-current motor rated at 1/30 horsepower at
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' 7900 revolutions per minute vhich wis used to actuate the trim

‘- Hinge-moment measuremént.- The elevator torqis tube was
extended through the tumnel flat, and through two self-alining
bearings vhioh were mounted on the tunnel balance frame. The
eleovator hinge moments were transferred through the elevator
torque tube to a 10-inch crank and then through a jack ecrew to
a scale platform. (See fig. 5 of reference 1.) The platform
scale was attached rigidly to the tunnel balence frame, and since
.81l other related parts were also attached to the tumnel dalance
freme, there was no pogsidility of the hinge-moment neasuremente
interfering with the lift, drag, and pitching-moment measuréments.

. All force and moment data wers recorded eimultaneously.

Elevator-angle meaeuremant. The root elovator angle
dot ned by mesns of en sutosyn. The transmitter wae rigidly
attached to the etabilizer rear spar at approximtoly the O-inch
station (csnter lino of airplane). A small pirion gear located’
on the transmitter shaft was driven by a large gear sector which
‘was mounted rigidly to the elevator torque tube. Thus all alevator
deflectione were multiplied by a gear ratio of 12:1. . A calibrated
4ial vprovided a continuous visual reading of the irdtcated root
slevator angla. However, because of twiet in the torque tube
between the root of the elevator (5-inch etation) and the ;ear
sector (0-inch station), the indicated angle was not the true
elevator root antle. A correction for thie twist vas determined
‘statically and was applidd to the indicated elevator angle as the
tests were being run. The zero reading of the autosyn indicator
wae chacked periodically with a templ:-ts This syctem measured the
elevator root engle within #0.1°, ..

Trin-tab angle measurement.- The trim-tadb root angles were
determined by means of a slide-vire reeistance position indicator
which vas fastenod rigidly to the elevator at approximately the.
S-inch station. Ae the trim-tab angle changed, the position.of
the pickup arm varied, cha.ns:lng the resietance in. the circuit, .the
corresponding ohansoa in current were indicated on a micromtor.
The trim-ta.'b angle was calibrated against the microammeter realing
and ‘tlite calibration vas chegked poriodically The . trim-tab root
angles are accurate within 10.25°.

The variation in hinge smoment cosfficient with time ves - .
"dotermined by photographing the hinge-moment scale at 32 trau.
per socond. The trim-tad angle at any given time was then, determined
from ﬂuue data and the 'buic trinm-tad urod:nam:l.c ts.
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~of -attack me t.- The angle of attack was measured
with an sutosyn set up similar to the elevator root angle indicator.
The angle-cf-attack indicator resding was checked periocdically
during the tests by means of en inclivometer. The stabilizer root
angles of attack are accurate within #0.05°0.

TESTS

The general asrodynamic data were cbtained for a.llaghn or
renge from 0.20 to 0.68 for angles of attack o of -3°, -1%,
o°, 1&0, 3°, and 6° and for elevator deflections B, of -17°,
-13°, -9°, -6°, -4°, -2°, @°, 2°, 4°, 6°, and 9°. Any combination
of these variasblee wae limited by the maximum allowsble load on
oither the stabilizer, elevator, or tell swmface as a unit based
on three-fourths of the design limit load. The trim-tad tests

(]
were run for angles of attack of <1% , 0°, and 14°, elevator

angles of -5°, 0°, and 59, trim-tab angles 8, of -16°, -89, 0°,
and 8% and Mach numbers of 0.20, 0.40, and 0.60. Additional
tests were made to determine the rate of chenge of trim-tab angle
with time. These tests were conducted at a Mach number of 0.50,
a tumel anglo of atteck of -1°, and en elevator angle of ~5°
from the neutral to the maximm positive and negative tab angles,
and at & Mach nuxber of 0.50, a tunnel angle of attack of 0° amd
an elevator angle of -5° from the neutral to the maximum positive
and negative tab angles.

REDUCTTION OF DATA

The data presented in this report have teen corrected for
tumnel-wvall effects by the use of the reflection plans theory
given in reference 2. The projected frontal area of the model
was small in comparison to the tunnel cross secticnal area eo.
that tunnel constriction corrections were found to be negligible.
Also, corrections to pltching moment due to model and balance-
frame deflections were found to be negligible.

The horizontal teil surface was installed in the tunnel in
an inverted position, but the signe of all coefficients and angles
are presented co that the data may be applied directly to the
airplene in the usual eense. The corrected date were cross-
plotted and the faired values at selected angles of attack,
elevator angles, and trim-tab angles were then plotted against
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Mach number. The average test dynanic pressures and average teat
Reynolds numbers correcponding to the test Mach numbers are ghown
in figure 4. The Reymolias numver 1a vased on the msan acrodyaamic
ochord of 3.34 fest. The results are generally ploited againat
Mach nunver rether than velocity or dynamic precsure because it is
congidered 1iksly that Mach number 1s the drminating variable. Thne
effects shown in these plots, Lowever, are not entiraly compressi-
bility effects as they also include changes due to distortion of
the model under load.

- - The rate of chenpe of trim-tab augle with time was determined
by reducing ths photographed hinge-moment data to coefficient form
and using them in conjunction with the basic hinge-moment coefficient
versus trim-tab angle curves for a nominal elevator angls of -59,

RESULTS AND DISCUSSTON,
" Basic Data

Effect of engle of attack.- The variatioh of the 11ft .
coefficient, drag coefficient, and pitching-moment coefficient

* over a wide range of angle of attack 1s shown in figure 5 for
elevator anglea of 0°,and -10° a trim-tab angle of 0°, and a
Mach nurber of 0.20. This figuro showe that for an olevator
angle of 0°, ¢© = 0.9, and Cp . = 0.007. This minfmum

drag coefficient ia considered to be satisfactorily low for a
nodel of this type of canstruction.

sia et
..

‘Effect of Mach number.- The variation of the drag coefficiemt,
1ift costficient, pitching-momon’ coefficient, and hinge-moment
ooofficient with Mach number "1s presented in figure 6 for a test
range of engle of attack o = -3° to 6° and elevator angls B8, w -17°

. %09%. The drag coefficiont increased with Mach mmber at all
elevator angles and angles of attack. However, the increase was
06t large enough to indioate that the critical spced had been
attained. The 1ift and pitching-moment goefficients do not increase
at all conditions as.would be predicted by the use of Glauert's

faotor (1 - M2)"1/2, Thia result can be partially attrivuted to
ealevator twist, stabilizer twist, or btoth. The elevator hinge-
nament cosfficlent increamsed with Mach nuymber .throughout the ‘range
of the teste. The increase is more rapid ihan would be predicted
by Glavert's factor, probably becauss of etructural deflectiona.

l‘iguro 6(c) anows that for an angle of attack o = o,
elevatar angle B8y = 09, trim-tad angle 8y = 0°, and Mach
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awmber M = 0.2, the 1ift cosfficient equals 0,02 and the hinge-
aoment coefficient equals -0.009. Since the airfoil section le
symmetrical, these valusa might indicate discrepancies in the

test data. However, close examination of the model indicated the
following construction errors which probably account for the
discrepancy: the elevetor trailing-edge angle vericd from 13.6°
to 14.0° from root to tip, the slevator had a mpanwise twiat of
approximatoly 0.80, and the elovator lower surface had a cusp vhich

at the 20-inch station vas %cineh deep and 1, inch desp at the

LO-inch station. The center of the cusp was located at approxi-
mately 0.%5¢e and the length of the cusp was 0,3084. :

Aerodynamic Parametors

Effect of Mach number.- The variation of ch and with

Mach nurbor is presented in figure 7 and indicates that doth
paramesters increase with increasing Mach number. The inoreass of
gh with Mach number is somewhat greater than would be predicted
lavertts factor, and no critical condition exiets uwp to Mach
awber M = 0.68, Application of the Young-Owen method for first
order campressibility effects on control hinge-momsnt coefficients,
which conaista of refinements to Glausrt's factor for models of
finite aspect ratio, yields results which differ only elightly
from Glanert's factor for this model. Figure T shows that the

8,
elevator effectiveness vhich i defined as s = %; decreased

from 0.538 at & Mach mumber of 0.20 to 0.415 at a Mach number of 0.8,
however, it should be pointed out that this decremme in effective-
nsse 18 causod by the rapid increase in Cy, end not a decresse

in Cp, ~with increasing Mach number.

Figure 8 prosents the variation of cb“ and chae with Mach
number. The hinge-moment parameter chbe increased mors rapidly
with increasing Mach number than would be predicted by the use of
Glavert's factor, while the parametor Cpy increased leass rapidly
than would be predicted by Glauert's factor. This disagroement
ocan be attributed in part to structural deflections and the
limitations of the thin airfoil theory upcn which Glauert's factor
is dased.

Figure 9 presents the variation of c,,“ and cﬂb, with

Mach nwiber. The pitching-moment parameter c,,,u’ increased
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move rapldly with Mach number than would be predicted by Glaunert's
" factor while the paremetor c,,a inoroased as would be predictod by

the use of Glauvert's factor.

Elevator Trin-Tab Characteristlce

" Bffect of Mach number.- Figure 10 shovs the effect of Mach
amber on the aercdynamic characteristics of the tail surface
for elevator teim-tab angles of -8° to 16°. The results are

(-] o
glven for angles of attack of -1% , 0°, and 1% and elevator

angleq of -5°, 0°, and 5°. The dashed portion of the curves
represent extrapolated data,

Elevator trim-tab effectivencss may be defined either as

hg,
cbbt' or -t m ?39. The variation of theec parameters with
L chbe ob¢

Mach nurber ies shown in figure 11l. The parameter chat shows

a elight increase between a Mach number of 0,20 and 0.60, while
ABe/38; shows & decreass from 0.434 at a Mach nvmbor of 0.20

to 0.355 at a Mack mwber of 0.60, However, it must be emphasized
that this decrease results because chﬁe increases more rapidly

with Mach number than does chbt'

. Rate of change of trim-tab ancle with tims.- The maximum
elevator trim-iab angle that could be obtained with this tall

" surface under serodynamic loal and the rate of change of trim-
tab angle with time undcr asroiynamic load were determined.

Pigure 12(a) prosente the veriation of trim-tab angle with
time from the neutral position to the maximm position at a Mach
owmber of 0.60, tunnsl angle of attack of 0°, and elevator angle

of «5°, Over the linear portion of the curve, the rate of ohange
. of trim-tab angle with time is approxiuately 2.6° per second.

Tigure 12(Db) presents similar date for a Mach number of 0.50
at a tunnel angle of attack of 1° and an elevator angle of -5°.
The rate of change of trim-teb angle with time 1s epproximately
2.5° per second for this configwration.

Figwes 13 and 1k present the variation of trim-tab angle
with time from the neutral to maximum negative position for test
conditicns of Mach number of 0.60 tunnel angle of attack of 0°, end
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an elevator angle of ~50, and & Mach number of 0.50, tummsl angle
of attack of -1°, and an elovator angle of -59, respectively. The
m'ofchmaaottmta‘banglevithtm“o2.2°and2.6°per
sscond, respectively.

Although a conetant indicated elavator angle of ~5° wvas .
maintained during the trim-teb angle versus time teets the true
elevator engle varied due to twist in the elevator hings-moment
measurement system under varying load. Therefore, the actual
elevator anglee which occurred during these rume are included on
figures 12 to llh

" Effect of Mach Number and Angle of Attack
. on Lower. Surface S_k:ln_ Deflection .
In order to determine the extent and approrimate magnitude
of axin deflection on the tail surface, a photogreaphic stuly of

the tall surface under. various reprpsentative asrodynamic loads: . .
was nade.

Hgm-e 1‘} ahovs a viev of the lower eurfaco of the harizan‘tal
tatl for no aerodynamic load. -A comparieon of figuree 15 apd 16 - -

shows the effect of asrodynamic load on the lower-surface ekin.
deflections for op = 0°, 8y = -5°, 8; = 0°, and M = 0.60.

The skin bulges for thie configuration are quite pronotmced and
occur acroes the entire etabilizer. The difference btetwsen the
internal preseure in the etabilizer and free-stream etatic pressure
19 very low, amounting to approximately 0.035 pownd per square inch.
The deflection of the skin mmst therefore be attri’buted to vaa.k- !
nesses of the skin structure. '

Figure 17 preuenta the ekin 'deflections for angles of a.tmk
of 0° and «6° at M's 0.40, By = 0°, and 8 = O°. For the

gero angle-of-atteck condition (fig. 17(a)) the loads on the tail

are extremely smsll and, as a reeulf, the skin bulges are of a

vory minor degres. For the twnnel angle of attack of -69 ( tig. 17(13))
vhere the tail loading ie high, the skin bdulzing is considorable

and covere the entire tail surface. The difference between the
internal preeeure of the stabilizer and free-etream etatic preslm
1s only 0.016 pound per square inch. . ,

The exceesive amount of ekin deflections of the horizontal -
tail wnder load may contribute to the incrsase in drag eoofﬂciont
with Mach number vhich le shown in figure 6. .




The following conclusions may be drawm from the investigstien
desoribed in this report: o L o

1. The hinge-moment parsmeter cha, increased mors rapidly
and the parameter chc.- _1eea rapidly with inereasing Mach nm‘lge:_' than
would be predicted by the use of Glauert's fagtor, Che increasing
from -0.0012 to -0.0015 and Cp, increasing from -0.0051 to -0.0069
botween M = 0.20 and 0.68.

2. Both Cr  ond °I-e, increase with increasing Mach number.

However, the elevdtor effectivenoes paremster 3a/d5, decreased
from 0.536 at M = 0.20 to 0.415 at M = 0.638 bscaunes cLu. inoreases
mwh more rapidly then cng with increasing Mach number,

3. The elevator trim-tad effoctiveness parameter chbt increases

slightly with increasing Mach numbsr. However, the elevator irim-tab
sffactiveness parameter 38,/08y shows a decrease from 0.43k at

M = 0.20 to 0.355 at M = 0.60 because Chg, increases much more
rapldly vith increasing Mach number than doag chbt'
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TABLE I
PHYSICAL CHARACTERISTICS OF THE HORTZONTAL TATL SURFACE

[Symmetrical airfoil section, 10 percent thick]

of stabilizer, Se' square feet
of elsvator, Sp, acuare feet .
of studb wine, Sp. square feet
of overhanu, S'b' square feet .
of elevator aft of hinge line, S,
of tadb, S¢, sasquare fest . .
of elevator. bp, fest ., . .
Aspect vatio, (b /s,) . . .., . ..
Taper ratio, (ctip/"root c e e 0.560
Elevator hinge-line location, percent of total chord P .. . . TO.3
Tab hinge-line location, percent of total chord . . . . B88.2 at station 13
Elevator overhang, 8,/Se, Percent « « « « o+ . .. e e e e NT
Mean tab chord, B¢, feet « . v o o o o o s o ¢ « & e s e e e - o 0463

nquare fee

a4 ¢ a® o o« o 0
« s ® o che e = e
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Figure 4.~ Variation of the average test Reynolds number and dynamic
pressure with test Mach number.,
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Figure 5.- Variation of the aerodynamic characteristics with angle of
attack, M = 0.2, 8, = 0°.




NACA RM No. L7D08a

& (e

=

06
05
o4

Co
Q3 9|

aa'é
-4

#ZE

——
—

Z 4 %)
_ M

ll'rl“_.m
(a) Angle of attack, a = -g°,

Figure 8,- Variation of the aerodynamic characteristics with Mach
number for a range of elevator angles and angles of attack,
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(f) Angle of attack, ¢ = g°, NATIONAL ADVisoRY
COMMITTEE Fou ARRORAUTICS

Figure 6,- Concluded,
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Figure 7,~ Variation of the lift parameters and elevator effectiveness
with Mach number.
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Figure 8.- Variation of the hinge-moment parameters with
Mach number. '
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Figure 9.- Variation of the pitching-moment parameters with
Mach number,
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(b) List Coefficient
Figure 10, - Continued,
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Figure 11.- Variation of the elevator trim-tab effectiveness parameters
with Mach number.
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Figure 12.- Change in trim-tab angle with time,
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