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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

EFFECT OF FABRIC DEFLECTION AT EIGH SPEEDS ON THE
AERCDYNAMIC CHARACTERISTICS OF THE HORIZONTAL
TAIL- SURFACE OF AN SB2D-1 AIRPLANE

By Carl F. Schueller and Peter F. Korycinski
SUMMARY

Results are precsented of an investigation of a full-
scale horizontal tail surface to deternine the elevator-
fabric deflection at high speeds and the aerodynamic
effects of the fabric deflection. Two fabric-covered
elevators, differing only in rib spacing, and a solid
wooden elevator were tested. The first elevator had a
rib spacing of approximately l. inches. The second ele-
vator had a rib svacing of approximstely 8 inches, which
is more nearly tynical of the spacing currently used.
Tests were carried to a maximum Mach number of 0.68
except for model configurations for which the maximum
allowable loads were reached at lower speeds.

No appreciable fabric deflections occurred for the
elevator with lj-inch rib spacing. A maximum fabric bulge
of 0.6 inch between ribs was measured for the elevator
with 8-inch rib spacing at a Mach number of 0.55, an
elevator angle of -%.79, and an angle of attack of 9.70.
Local failures of the fabric attachment to the elevator
ribs occurred. By moving the elevator vent holes from
the vicinity of the trailing edge to the leading edge,
the bulge was eliminated for these test conditions at
the expense, however, of some increase in fabric depres-
gsion on the vpressure side of the elevator.

Marked increases in the elevator hinge-moment coef-
ficients occurred as the test Meach number was increased.
For the elevator with !li~inch rib spacing the hinge-moment
parameter Ch@ (rate of change of hinge-moment coef-

ficient with elevator deflection) increased from a value
at low speed of -0.005 to a value of -0.009 at a Mach
number of 0.68. The effect of fabric deflection for the




2 NACA ARR Iloe L5011z

elevator with E-inch rib spacing caused an additional
adverse increrment in hinge-moment coefficient as the
speed was increased. The effectiveness of the elevator
with lL-inch rib spacing did not change apprsciably with
ljach number, A&s a result of fabric deflection, however,
the effectiveness of the elevator with 8-inch rib spacing
decreases sharply at kach numbers above 0,56, The adverse
efiect of fabric deflecticn on elevator hince moment was
decreased slightly by loceting the vent holss in the
leading edgs rather than at the trailing edge of the
elevator,

INTRODUCTION

Tests were made to determine the effects of elevatore
fabric deflectionz at high speeds and of compressibility
on the¢ aerodynamic characteristics of a full-scale hori=-
zontal tail surface. ‘The necessity of sucia an investi=-
matlon has been deronstrated by the excessive and irregu-
lar hinge moments encomntered during hirh-speed maneuvers
and by numsrous instances of coantrol-surface feilure on
some of the more recenti high-spesd airplanes equipped
with fabric-covered control surfaces,

The present report givess the resulte of tests on
three ¢levators with identiecul external dimensions, Zle-
vators 1 and 2 were fabric novered, had rib spacings of
approximately 1. and 8 inches, resnectively, and were used
to determine the labric deflection. The tihiyrd elevator
wag made of solid manogany, included two rows of pressure
orifices, and wes used to determine the external pressure
distribution. =Zach elevator was tested .through ranges of
Mach number of 0,2 to 0,68, elevator angle of 9° to =99,
and stabilizer angle of 0° to 9°, 7Teste of any combi-
natlon of the aforementioned variables were limited by
the maxirum allowable locads, In addicion, elevator 2 was
tested with the original vents sealed and vents at the
leading edge or at 10 percent elevator chord o Lo

Hal

determaine the effect of vent location on fabric deflectione

The tests were conducted at the Langlsy 1é-foot high-
speed tunnel, Langley llemorisl Aeronautical Leboratory.
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COEFFICTENTS AND S7MBOLS

drag coefficient (D/qS)
hinge-mcment cocfficient (H/quzb)

1ift coefficient (1/aS)

Mc|/l:\

plteching-monent coefflcient =
\ aSc' /
drag of entire mocel

hinge momsnt
1ift of entire model

pitching moment sabout quarter-chord point of
mean aerodynamic chord

spen,feet

chord of horizoatal tail surface except when
designated otherwise by subscript, feet

mean aerodynamic chord of horizomtal tsil

root-mean-square of elevator chordé behind
hinge line

dynamic pressure (EOV'\
mass density of 'air, slugs per cubic foot
velocity, feet per seccend

tctal model area,. square feet

Maech number
* T
pressure coefficient )
S0+

static pressure at any point

angle cof "gattack of stabilizer, -degrees

angle of elevator chord with respect to
stabilizer chord, degrees

Crg
elevator-effectiveness msmmete"'< >
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Parameters:

@é\,

Ca/g

Sier
“Lg * <56>
L0a

.

1"

CLa

oC
ol < /h
“Ba T <<‘:a>
5
3Cp\
Chig Zf=—|
08y

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

Subgecriptas

b balance

e elevator .
f flap (elevator + balance) 2
il internal

o} free stream

APPARATUS AND METHODS

Test model.- The model was a full-scale left-hand
horizontal tail surface of the SB2D-1 airplane. The air-
foil section used was based on the NACA 0020-6l airfoil
profile modified to have a maximum thickness ratio of
10.7 percent and a straight taper behind the 63-percent-
chord station. Since a semispan model was used, 1t was o
necessary to. locate the eenter line of the airplane in
the plane of the tunnel wall to produce air-flow con-
ditions corresponding to those of flight. This result d
was accomplished by adding a 20.5-inch stub wing to the
tail surface. Figure 1 shows the model installed in the
tunnel and figure 2 presents the physical characteristics
of the model.
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The stabilizer was metal covered and included a
Labrilec seal te prevent air from flowing beltween: the rear
part of the stabilizer and the elevator leading edge.

(See fig. 3.} The model was not aerodynamically smooth.
Brazler head rivets, access and Inspection doors, and
considerable wavine~s charecterized the stablilizer surfacs.

fach elevator had a modified ellipntical nose and a
straight taper behind the hinge line ending in a t“alllng-
edge angle of 12°., The coordinates for the elevator con-
tour ars priesented in figure 3. FElevators 1 and 2 were
of metal construction and: fabric covcred Details ‘of the
rib locations are shown in figure li. The average rib
snacings are approximatsly i and 8 inches for elevators 1

gnd 2, respectively. Both elevators had ene é—inch-

diameter drain Pola in each elevator panel on the lower
surface approximately 1 inch from the elevator traililing
edge. Since each elevator panel had ons hole, these
openings also served as air vents. FElevator 3 was made

cf solid meshogany and was dimensionally equal to ele-
vators 1 and 2. Two rows of pressure orifices on the
upper and lower surfaces, 23 and 70 inches from the longi-
tudinal center line of the alrplane, were built into this
elevator.

Einge-moment meecsurement.- Figure 5 is a schematic
view of the model installation and illustrates the
apparatus used to measure the elevator hinge moment.

This sketch shows the extended elevator torque tube
passing through a hole in the side of the tunnel and into
two self-alining becarings mounted on the tunnel balance
frame. The elevator bhinge moment was transferred through
the elevator torque tube te a 10-inch crank and then
through a jackscrew to the scale platform. The jackscrew
was also used to vary the elsvator arngle. The platform
scale was ettached rigidly to the tunnel belance frame
and, since all other related parts were also attached to
the tunnel balance frame, ringe-moment messurements could
not interferzs with the measurements of 1ift, drag, and
pitching momant. All force and moment data were recorded
simultaneously.

T ¢
Fabric-deflection measurements.- Stripes H_lnCh wide

were painted chordwise on both surfaces of the fabric-
covoied elevators to permit the mwesasurement of the fabric
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deflection. (See fig. l.) Solid stripes were painted
over each rib and broken stripes midway between the ribs,
on the upper and lower surfaces. These stripes are
straight and parallel for the static concdition (see Flgeitl)
but because of air loads the fabric deflects and the
stripes bend. Cameras in [ixed positions were provided

to photograyvh the elevator surfaces simultaneously and
thus provide records of the fabric deflection. Lhe
deflection of the painted stripes was messured from
enlargements of tihe photographs.

Fabric-tension measurements.- The fabric tension for
each elevator panel wuas measured with an instrument
designed by the Flight Research Division of the Lsboratory.
A detalled description of tlhe instrument and the technique
of measurement are glven in reference 1. Tre fabric
tensions were measured before and after the tests to
determine any chanze in fabric tension resulting from
repeated stresses that were applied to the fabric during
testinges Table I presents a suminary of the measurements
and indicatec that the change in fabric tension for ele=-
vator 1 1s within the acecuracy of the measurements.
Elevator 2 had a slightly lower fabric tension after
testing, but this difference may be a temperature or
humidity effect.

Pressure measurements.- The pressure distribution
over the elevator was obtained with elevator 3, which
contained two rows of orifices. The external pressures
over the uvpper surface of the stabilizer were obtained
by the use of two pressure belts located at the 33-inch
and (0O=-inch stations. All stations were measured in
Inches from the longitudinal center line of the airplane.

Two O0.050-inch-diameter tubes were installed in ele-
vators 1 and 2 at the L47-inch and 97-inch stat:ions to
measure the elevator internal pressure.
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The general . procedure in conductlng the tests was
to set the desired angle of attack and elevator angle at
the beginning of each test. Deta were then recorded at
each of the following speedss Msch number = 0.20, 0.35,
015, 0450, 0455, 0.60, 0465, and 0.68 or until the
maximuw allowable load on the talil surface was attained.
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The stabilizer root angle remained fixed during the test.

The elevator root angle was measured and recorded at each

test point, since 1t veried slightly because of twist of
the torque tube and deflection of the scale platform.
The angles of attack and elevator angles are believed to
be accurate within *0.1°.

REDUCTION OF DATA

Force data.- The 1ift, drag, and pltching-moment
coefficients presented in this report are based on the
wing area of the comnlete model (see fig. 2) including
the stub wing. All cdata were taken with the elevator
seal in, the elevator vents at the trailing edge, and
the trim tab neutral, unless specified otherwise.

The force data were corrected for tunnel-wall
effects by the use of the reflection-plane theory given
in reference 2. The model thickness was such a small
part of the tunnel diameter that tunnel blockage correc-
tions were negligible. Since the elevator torque tube
could twist and the scale platform deflect, the elevator
angle changed with hinge moment. Calibrations of the
twist of the elevator torque tube and the cdeflection of
the scale platform with elevator hinge moment were used

to correct the indicated elevator angles to actual angles.

The corrected data were cross-plotted and the values &t
selected angles of attack and elevator angle were then
plotted against Mach number. Since a large part of the
data presented is plotted against Mach number, figure 7
has been included to show the average dynamic pressures
gnd the average Reynolds numbers corresponding to the
test Mach numbers. The Reynolds number is based on the
assumed mean aerodynamic chord of IL.j1 feet. 2t should
be mentioned that the changes which occur with speed are
not pure Mach number effects but include effects due to
distortion of the model under load. The effects shown
therefore apply only to the particular combination of
dynamic pressure and Mach number tested herein. The
results, however, are plotted against Mach number, and
the dynamic pressure at any Mach number may be obtained
From figure .

Fabric deflection.- A special film viewer was used
to enlarge the photogravhic negatives of the elevator
surfaces. Vertical scales were attached to the elevator
surfaces at each broken stripe and photographed for all
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model configurations to obtain films of the static condition
(zero cdeflection). A quantitative measureé of the fabric
deflection was obtained by comparing a photograph for the
static condition (zero deflection) with one made during

a test. The displacement of any stripe was then measured
and recorded.

RESULTS A4ND DISCUSSICN

abric Deflection

Elevator l.- Figure 8 1s a photograph of the fabric
deflection on the upper surface of elevator 1 (lLi-inch rib
spacing) at a = 0°, "6 = 1,29, and M = 0.66. The febric
deflection is not appreciable at any point elong the ele-
vator except for a small bulge occurring near the inboard
hinge. No other photographs are shown for this elevator
because the fabric deflection was not serious during any
of the tests with this elevator.

Elevator 2.- Figure 9 1s a photograph of the fabric
deflection of both surfaces of elevator 2 (8-inch rib
spacing) at a =0°, & = 3.3°, and M = 0.55. Conside
erable bulge occurred on the top surface behind the hinge
lines This bulge changsd to depression on the rear part
of the elevator. Since the fabric was sewed to the ele=-
vator ribs, the solid stripes should show no deflection,
A number of solid stripes, however, are deflected. (See
fige. 9(2)e) Deflection of the solid stripec indicates
failure of the fabric attachuent at these points and is
the beginning of a condition that would result in complete
fallure of the surface if the air loads .were increased.
Figure 10 is a photograph of tue fabric deflection at
a =3% &= -0.7° and M = 0.62. In general, the
upoer surfaece 1s s8lightly bulged just beliind tlLe hinge
line. The most serious bulge occurs at tie inoboard hinge
and 1s believed to be a result of wesk fabric attachment
around thne hinge-pocket cut-out rather than of local-
suction pesk pressures. Plgure 10 also shows the fabric
pulled away froum tlie ribs. (Note solid stripes.)

Figures 11, 12, and 13 are plots suowing the vari-
ation of the fabric deflection witih percent of elevator
chord and inclucde only the portion of the elevator chord
for which the fabric was deflected; therefore only the.
end points of zero deflection are shown. These cata are
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for a represeﬁtétive spanwise station (77.1l-inch station).

Flgure 11 presents the fabric deflection’ for warious Mach

numbers ot elevator eanglés. averaging =-1:5° ‘and .a-= 0°.
Although the elevator angle chenged slightly (0. 50) with

speed, it is apparent’ from figure 11 that 1ncrea31ng the’75?“‘

soeed inereases the 'fabric .deflection.’ The maximum .
fabric deflection of the lower surface has been plotted

separately for each speed in figure 1l and shows that the ! -

fabric deflection VaPIPS llnearly with dynamlc préssure

for elevator 2 at @ = 0° ‘and & ~ -1.5°. Figure 12
presents ‘the: fabrlc aeflectlon for Varlous elevetor angles
at a = 09 and M = 0.55. Increasing thé elevator angle

negatlvely inorease “the fabric bulge on the lower ‘surface

while the deflection of the upper surface changes from
bulge to deores¢1on Rigure 15 presenrs the fabrlc
deflection for verious angle% of attack at M = 0.55

and M '=.0.53%.  The maximum fabric ceflection attained
during these tects Wweas'‘a 0.6-inch bulge on the lower sur-
face of elevatcr 2 ct ¢ 2. T9%. &= 5,75, = 0.55
pedg. 135, : ' ' :

Pressure distribution.- Fabric bulge tends to be

aﬁle since 1t causes an increase in the local negative
pressu s, which in turn cause an .increase in the fabric
bulge. This adverse effect 1s magnified at high speeds
and has been observed to result in failure of the fabric :
attachments to'the elevator structure and finally complete
failure pi the fabrie. An ihvesitgation to. determine  the
external pressure distribhution over the; elevators and the
location of “air vents that would result in negatlive inter-
nal pressures:'and a reduction in elevstor fabricé bulge.
vas therefore undertaken. Wlevstor 3, which was dimen-
tlonally equal to elevators 1 and 2, was testec -for this
purpos - ,

The test< of elevator .3 indicated that the pressure.
distributions et the 33-inch and 70-inch ‘stations were
very nearly the same on the elevator but differed appre-
c1ab1y nesr the stabilizer leading edge. This difference
may be attributed to surface irregulerities.: Removing
the -elevator seal increased slightly the positive pres-
sures on the lower ‘surface of the elevator balance grea
for positive elevator angles but had 1little effect on
the preéssures. over the other portiong of the elevator.-
The external pressure distributions at M = 0.20 and
the 3%-inch station for three elevator engles. are pre-
sented in figures 15, 16, and 17 for a = 0°, ?O,and
6°, respectively. These figures indicate that vents in
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both the upper and lower surfaces at the elevator leading
edge or at approximately 10 percent of the elevator chord-
behind ‘the hinge line. ce¢ will result in negative average
internal pressures. Although the average pressures at
these points are not the most negative, they are consist-
ently negative and are least affected by changes in ele-
vator angle. :

Effect of various vent locations 'for elevator 2.-
The original elevator vents were sealed, and the effect
on internal pressure and fabric deflection of the elevator:
as da result of locating a vent in each elevator panel at-
the leading edge or-.at 10 percent of cg on the upper
and lower surfaces was determined. The variation of the '
internal pressure of the elevator with elevator angle is
presented in figure 18 for three vent configurations. A
comparison of thése curves shows that. the average internal
pressure coefficient: Py for the original vent configu-

ration is changed from -0.02 to -0.08 for vents at 10 per-
cent of ce and to -0.23 for vents at the elevator leading

edge.

. Figure 19 presents quantitative comparisons of -the
fabric deflection along the elevator chord for the three
vent locations at ‘¢-=-02; §'=4°;!-and- M = 0.55. The ..
maximum bulge on the upper surface is reduced from I e
0.l inch for the original ‘vent configuration to 0.2 inch
by using vents at 10 percent of ¢e .and to 0.26-inch
depression with vents at the ‘elévator leading edge. No
measurements were made for the lower surface with vents
at 10 percent of cg but visual observation indicated
that the fabric was dépressed for' this condition, as
would be expected. ' ' 3

"Figure 20 is a photograph of the fabric deflection
with vents at the elevator leading edge for a = Qe
5 = L°, and M = 0.55. Comparison of figures 20 and 9
shows that the upper-surface bulge .is changed to depres-
sion with vents at the elevator leading edge, except for
a small local bulge at the upper surface near the inboard
hinge. It is apparent from figures 19 and 20 that loca-
tion of ‘the 'vents at the elevator leading edge will
eliminate the danger of the fabric pulling loose from '
the ribs and failing for elevator angles up to at least ho.

4
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Aerodynamic Characteristics

Basic data.- The 1lift, drag, pltching-moment, and
hinge-moment cocffleents are plotted against Mach number
in figures 21 and 22 for elevators 1 and 2, respectively.
These data are prespnted for ‘a = @R A507 60, and 99, and
a maximum range of 6° to -9°, The fact.that the €r,

Cm, &nd Chg values for a=0° and & = 0° are not
zero is due either to asymmetry of the model or to small

errors in setting the neutral angle of the stab$llzer
elevator, or trim-tab,. b

The increase in the 1ift or pitching-moment coeffi--
cient with Mach number for both elevators is less than the

indrease predicted by Glauert's factor (1 - 12) be

This difference is believed to be a result of the tWLsting
of thé stabilizer and elevator toward their zero angles

due to the aérodynamic loacds. The drag-coefficient

curves show the usual large increases in the vicinity of
the critical Mach numbers. The data show pronounced
increases in elevator hinge-moment coefficient with
increasing Mach number. -Integration of the elevator
pressure-distribution diagrams showed increases of approxi-

‘mately the same magnitude. The rate of increase of hinge

moment with Mach number was more than twice as great as
would be predicted by the use of the Glauert factor., 1In
general, the changes in the aerodynamic coefficients with
Mach number were gradual and consistent. The critical
Mach numbers for the various model configurations could
not be greatly exceeded in these tests and consequently
the abrupt and drastic changes that have been noted in
tests of small models at high supercritical speeds were
not encountered. The only indication of such chanoes
occurred for elevator 2 near the hlgbest test speeds

(See figs. 23 and 2l.)

Variation of 1lift with a &nd &.- The variation
of the lift-curve-slope parameter Cr, Wwith Mach number
for elevators 1 and 2 is presented in figure 23. The
slopes were m@asured from plots of (€ “against ' a 'In

the region of a = 09 to 30, THe values at low speed
oFl £f,  are c0n<1d°rably lower than thHe value estimated

from two-dimensional data for a wing of this section and
plan form, principally because of the discontinuity of
the alrfowl contour at the stabilizer trailing edge and
the elevator leading edge.
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The change in CL6 with Mach number for elevators 1

and 2 is shown in figure 2l and indicates good agreement
between the twc elevators at low speeds. For elevator 1,
CL@ increases graduelly with speed. At the maximum Mach

number attainablé (0.68), the data indicate that Cp,
was beginning to decrease. The variation of CL6 with
Mach number for elevstor 2 indicates a marked adverse
effect of fabric deflection at Mach numbers above 0.60.

Elevator effectiveness.- The variation of the elevator-

effectiveness perameter with Mach number 1is shown in
figure 25 for elevators 1 and 2. The curves show a small
decrease in effectiveness as the sneed 1s increased from
M =0.20 to M =0.45. Beyond Magh numbers of 0.45 the
effectiveness for bcth elevators increases. The effec-
tiveness of elevator 1 is still increasing at M = 0.68
but falls off shar»ly beyond values of M =:0.56 for
elevator 2. Since elevator 1 had negligible. fabric
deflecticn and elevator 2 had serious fabric deflection,
the adverse effect shown 18 a result of -fabric deflection.
The theoretical effectiveness for a plain:flap hinged at
its leading edge has been computed according to. the thin-
airfoil theory (see reference 3) and is shown in figure 25.
The actual elevator effectiveness is approximgtely 71 -per-
cent of the theoretical value for a plain flap at moderate
Speedsi. '

g moment.- The variation of the pitching-

ing

parameter éCm/éCL with Mach number is:shown in
izure 26 for elevators 1 and 2. ' The value of this
parameter is approximately the position of the aerodynamic
center of the airfoil with respect to the quarter-chord
point of the assumed mean aerodynamic chord (fig. 2).
The change 1n the center-of-1ift position caused by ele-
vator deflection 1is given by the parameter (écm/ACL)a.
The variation of this parameter with Mach number was
about the same for both elevators; that is, the center
of 1ift was shifted rearward. The change in the center-
of-1ift pcsition caused by angle of attack is given by
the parameter (écm/écL)é. Increasing the Mach number
caused a greater increase in this perameter for ele-
vator 2 than fcr elevator 1, probably as a result of the
fabric deflection on elevator 2.
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Hinge moment.- The change in OCp, with Mach number
is shown in figure 27 for elevators 1 and 2.  In general,
the sgreement of the data for the two elevators is good,
elthough-an:almost constant small difference exists
between the values for the two elevators. Small differ-
ences in contour between the two elevators could cause
this difference. The small low-speed value of Cba (-0.001)

decreased zbout 70 percent between M = 0.20 and M = 3. 60,

The variaticn of " Cng with Mach number is  shown in

in the negative values of
ing speed for elsvators 1 and 2.

or 1 (li-inch rib spacing)
"

figure 28. TLarge increases
Chg oOccurred with increasi
The value of Chy for ele
increased from -0.005 to -0.
M= 0.68. The difference betv
of Ch; for the two elevators
by minor ph“%lCﬂ; differences such as a small bump that
°x1stpd on the upper surface of elévator 2. This bump

as 5.5 percent of the elevator thickness, was located
at 6.5 percent of the total elevater chorc from the nose,
and tapered to zero at the elevatcr leading edge an
the ‘hinge 1line. Filgure 28 also shows curves for elce
having zero and 100-psrcent ”LIOdJuamlC balance. T
curve for zero aerodynamic balance was calculated
according to thin-airfoil thec“] (reference 3) for a
plain flap hinged at its leading ecce. Elevator 1 had
5“—r°rcpnt aerodynamic balsnce at M 020 but, because
of the adverse Mach number o”f:cts, the balance was
reduced to 8 percent at M = 0.68. The control forces
required for such an elevator would thus avprocach those
that would be obtained with an ordinary unb balanced flap,
when 1t is assumed that the valus of (Cp for such a
flap does not cbqqrﬂ with Mach number. n the absence
of boundary-layer changes, it might logica lly be assum
that +the GIGVAtOP hinge moment would increas with spe
according to Glauert's factor. The 1ow—speed value has

(D
o,

d

C./

A 42 -1/2
ng to this factor (1 - M)
d in firure-2U. A comparison of the
he rate cf increase in Ch6 with

been increaséd accordi
and the data are pnlott
two curves shows the

Mach number is about double the rate of 1
éicted by Glauert's factor. Elevator 2 ht
aerodynanic oﬂl“nco at "M = 0.20 but zHer
balance at M = 0.60. The increase in Ch5 is markedly
greater for elevator 2 than for elevator 1 because

of the adverse effect of fabric deflection. The
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difference in the increases of Cpg with Mach number

for the two elevators appears to be en effect of fabrilec
deflection, since fabric deflection was the principal
difference between the two elevators. This difference

is plotted at the top of figure 28. The effect of fabric
ceflection on Cpg was to cause an increase of -0.C02

from M =0.20 to M = 0.60. This increase was about
i nercent of the low-speed value of Ch@ for the ele-~
vator tested. An increase of this megnitude would be

still more serious for a highly balanced tail surface
for which the initial vh@ might be of the order of -0.001.

Effect of vents on hinge moment.- As was shown in

figure 19, the fabric deflection varles with vent location.
T“e best vent location from a consideration of safe fabric
deflection was found to be &t the elevator leading

edge. TFigure 29 shows the varlation of the hinge e-monent
coefficlent with elevator engle, at M = 0.55, for the
three vent locations tested and with all vents sealed.

The data presented 1n thls figure show that the vents
located at the elevator lea €1n~ edge produced the smellest
value of ch@' The beneficlal effect of vents et the
leading edge (reduced internal pressure} is probably a
result of cbaﬂrﬂng the asymmstrical e]QV“tOP surface
deddiecihlons w% ch resulted ln appreciable elevator camber,
to more symmetrical ceflpctlons with less camber. (See

m
flg. 19 ‘and re “er°nue 4 )

Effect df elevator seal.- A limited .amount of data
with the elevator sezl removed was obtained over a small’
range of elsvator angle at a = 09, These data indicated
no appreciable effect of the seal on the elevator hinge
moment., -

Tab effectiveness.- The epfectwvenees of the olevator
trim tab through the speed range is shown in fvgure 501
The data for a.tab unglp of -10° show a gradual decrease
in effectiveness with increasing speed - the ACh
decneasiag from 0.0l at. M = 0.20 to 0.030 at M= 0.65.
The effectiveness remeins approximately .constant from
M = 0.20 e M = 0.60 for a tab angle of .B8.8°.

CONCI.USIONS

An investigation of the characteristics of a full-
scale norizontal tail with fabric-covered elevators at
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Mach numbers rangzing from 0.20 to 0.65 has led to the
following conclusionsg

l. Elevator 1 (l4-inch rib spacing) had no appreciable
fabric deflection in the spesed range of these tects.
Elevator 2 (8-inch rib spacing) had a maximum fabric
bulge of 0.6 inch between ribs at a Mach number of 0.5°
an elevator angle of -3%3.79, and an angzle of attack of
Local failures of the fabric attachment to the elevato
ribhs occurred with elevator 2. :

3 ‘~J.ﬁ; \_, 1

2. Vent holes located at the c] vator lesading edge
on either side of the seal, rather than in thelir original
pasitiion on the lower surface:  near the delllnb cdge ,
eliminated the bulge for & moderate range of elevator
angle at the expense, however, of scme increase in febric

=

depression on the pressure cide of ihe elevator.

3+ Elevators 1 and 2. produced very lerge increases
in elevator hinge-moment coefticient as thie Mach number
was increased. Tie value of CF~ (the slope of the

curve of Llnge moment against rl—Vutvr ﬁ*rlpution) fop
elevator 1 (l~-inch rib specing) incresased from -0.005
to =0.009 between Msch nunbers of 0,20 to 0.68.

5

i« In addition to the increase in ninge moment
resulting from increcasing speed, elevator 2 (B-inch rib
spacing) had an increass in hinge moment Gue to fabric
gefloection. The fabric deflection for ‘thils clewator

increased the value ¢f (O by -0.002 at a Mach
<4
number of 0.60. Fabric dcflection alsa caused an early
loss 1n elevator effectiveness. Elevator 1 maintalned
eed (a Mach

to
its effectiveness up to the maximum test s&:
nunber of 0,68) tut the effectiveness of el
decreased sharply at Mach numbers sbove 0.5

5« The adverse effect of fabrie¢ deficetion on eclew
vator hinge momnent was decrcased slightly by locating
the vent holes in the leading edge rather than at the

trailing edge of the elevator.

Langley Memorial Aeronautical Lavoratory
ati nel Advisory Committee for Aeronautics
Langley Field, Va.
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TAELE I

ELEVATOR FAERIC TENSIONS

faccurscy of measurement,

e e e e o e ————

Test
condition

Tension
(1b/in.)

0.2 1v/in.]

Lower surface

i
Max. f Nin. Max. Mine.
i i
Elevator 1 ;
| e
Before testing | 7.4 6e% 8.6 6.8
After testing 76 6.7 8.8 74" S
Elevator 2
! z
Before testing | 7.2 5.2 o5 6.8
!
|
After testing | 7.0 6.0 657 6.0
i {
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COMMITTEE FCR AERONAUTICS
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Figure l.- General view of SB2D-1 semispan horizontal tail
installed in Langley 16-foot high-speed tunnel.
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Figure 2 ~General arrangement of the horizontal tail surface.

(All dimensions shown are measured in the plane of the section and are in inches)
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Figure 3 - DETAIL OF ELEVATOR AND SEAL.

Abscissa Ovdinate
(percent c)

0.50 3.60
100 4.7
200 557
300 651
400 7.20
5.00 7.73
6.00 8I4
800 87
10.00 9.02
12.00 9.6
14.00 9.12
16.00 8.97
2300 82

6
L.E.Rad.=I0.88
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i ‘ torque fube
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Denotes fabric -
covered metal
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Y o Leading edge of elevator | l
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©0 ,/‘ﬁ % ! I : : : Z l' : : :’\'// ‘é :
LR N A A L L sk
| : / 712]&27_7'/\" ]
Denotes fabric-“Denotes ribs Trim tab
covered metal Fabric L

ELEVATOR 2

NATIONAL ADVISORY
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FIGURE 4 .—RIB SPACING FOR THE TWO
FABRIC - COVERED ELEVATORS.
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HINGE-MOMENT SCALE

ke ls

FIGURE 5.- SCHEMATIC VIEW OF THE TEST STUP.
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(a) Upper surface.

(b) Lower surface.

Figure 6.- Static condition for elevator 2.
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Figure 7.—Variation of the average test Reynolds number and
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Figure 8.- Fabric deflection of upper surface of elevator 1

(4=/ineh rib spacingl.
vents at trailing edge.

M

06675

a = 097 & = 4,29: elgvator
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NACA ARR No. L5FOla Fig. 9a,b

NACA
LMAL 38345

(a) Upper surface.

(b) Lower surface.

- Figure 9.- Fabric deflection of elevator 2 (8-inch rib spacing).
M = 0.55: o = 0°; & = 3.39; elevator seal removed; elevator

vents at trailing edge.
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(a) Upper surface.

(b) Lower surface.

Figure 10.- Fabric deflection of elevator 2t =062
a =-3%° § = =0.79; elevator vente at trailing edge.



o ——Upper-surface fabric deflections
e Lower-surface fabric deflections
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Figure Il .— The variation of the fabric deflection along the <hord of elevator 2 at the 77I-inch station for

various Mach numbers, o =0°; vents on lower surface |inch from trailing edge. (Positive deflections denote
fabric bulge and negative deflections denote fabric depression.)
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o ——————Upper-surface fabric deflections ¢
Vi Lower-surface fabric deflections
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Figurell — Concluded.
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o —————Upper-surface fabric deflections
+ —————- Lower-surface fabric deflections
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Figure 12 — The variation of the fabric deflection along the chord of elevator 2 at 77Il-inch station for various

elevator angles. o« =0°; M=0.55 ;-vents on lower surface |inch from trailing edge. (Positive deflections

denote fabric bulge and negative deflections denote fabric depression.)
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Upper-surface fabric deflections
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Figure 12 — Concluded.
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Upper-surface fabric deflections
Lower-surface fabric deflections
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Figure I3— The variation of the fabric deflection along the chord of elevator .2. at 77I-inch station for various

stabilizer angles. Vents on lower surface |inch from trailing edge. (Positive deflections denote fabric bulge and
negative deflections denote fabric depression.)
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Figure 14 .— Effect of speed on elevator- fabric deflection.
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Figure IS .— Pressure distribution of elevator 3 for three elevator

positions. «=0°; M=020; gap sealed ; 33-inch station.
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Figure 16.—Pressure distribution of elevator 3 for three elevator
positions. a=3° gap sealed; 33-inch station; M=0.20.
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Figure 17.—Pressure distribution of elevator 3 for three elevator
positions. @ =6°; M=020 ; gap sealed; 33-inch station
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Figure I8 .— Variation of the elevator internal - pressure coefficient
with elevator position. & =0°, M=0.20;elevator 2.
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Figure 19.— The variation of the fabric deflection along the chord of elevator 2 at 5I5-inch station for three
vent confiqurations. o=0°; &=4°; M=055. (Positive deflections denote fabric bulge and negative
deflections denote fabric depression.)
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Figure 20.- Fabric deflection of elevator 2. MS == () 55
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Figure 26 — Comparison of the pitching-moment parameters for
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Figure 27 .— A comparison of the ghonge in Cha
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Figure 28 — Variation of the hinge-moment parameter
°h532:"”‘ Mach number for elevators land 2 ; ac =0°
or ;
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