s 7%

€

@ https://ntrs.nasa.gov/search.jsp?R=19930081779 2020-06-17T22:28:32+00:00Z

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE

No, 107k

TESTS OF A FULL-SCALE HORIZCNTAL TAIL SURFACE
IN TH= LANGLEY 16-FCOT HIGH-SPEED TUNNEL

By Carl F, Schueller, Peter F. Koryc¢inski
and H, Kurt Strass

Lancley Memorial Aeronautical Laboratory
Langley Field, Va,

~ W

Washington
May 1946




Bk T T
AL
Fo Yaah
e 2

)i




NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE No. OTh

TESTS OF A FULL-SCALE HORIZONTAL TAIL SURFACE
IN THE LANGLEY 16-FOOT HIGH-SPEED TUNIEL

By Carl F. Schueller, Peter F. Korycinski
and He. Kurt Strass

SUMMARY

Tests to determine the aerodynamic characteristics
of a full-scale semisvpan horizontal tail surface of a
fighter-type airplane have been conducted in the Langley
16-foot high-speed tunnel. The tests were carried to a
maximun Mach number of 0.7 except for model configura-
tions for which the maximum allowable loads were reached
at lower speeds. The results presented show the effects
of elevator nose shape, elevator trailing-edze angle,
and trailing-edge strips on the aerodynamic character-
istics of the model. Results are also given for a few
measurements of the external and internal elevator pres-
sures and the extent of laminar flow on the stabilizer.

Increasing the Mach number from 0.2 to 0,7 resulted
in a marked increase (-0,0015 to =-0,0032) in the rate of
change of hinge-moment coefficient with elevator deflec-
tion, a small increase (0,0025 to 0.,0027) in the rate of
change of hinge-moment coefficient with angle of attack
and an appreciable loss (0,51 to 0,3l) in elevator
effectiveness.

The incremental changes in elevator hinge-moment
characteristics due to modifying the elevator nose con-
tour were of about the same magnitude as would be pre-
dicted by the use of recently published methods.
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INTRODUCTION

Past experience has shown that surface irregularities
and deflections have detrimental effects on the aero-
dynamic characteristics of horizontal tail surfaces,
particularly at high speeds. Accurate estimates of the
characteristics of tail surfaces for high-speed airplanes
thierefore require tests of full-scale models which are
reproductions of the tail surface to be used on the air-
planes. The model used in these tests was built by con-
ventional manufacturing methods and was for use on an
experimental airplane after completion of the wind-tunnel
investigation.

The o“iriral metal-covered elevator was tested
through a range of Mach numbers of 0.2 to 0,7 to deter-
mine tne aeroaynamlc chharacteristics A few tests were
also made to determine the extent of L&uiﬁa” flow, the
external and internal elevator pressures, and the effect
on the aerodynamic characteristics of traili ng-edge
strips and of lowering the elevator with respect to the

stabilizer.

Several profile modifications of a full-scale
wooden elevator were tested at low speed to obtain the
effect of nose shape and trailing-edge angle modifica-
tions on the elevator characteristics.

COEFFICIENTS AD SYMBOLS
Cp drag coefficient (D/qS)
Cp,  hinge-moment coefficient (H/qaéabe)

Cr, 1ift coefficient (L/qS)

pitching-moment coefficient “
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where

D drag of horizontal semispan tail surface
H hinge moment of elevator

L 1ift of horizontal semispan tail surface

pitching moment about quarter-chiord point of mean
aerodynamic chord

b span, inches
g chord of horizontal tail, inches
A root-mean-square of elevator chord behind hinge
line, inches
q dynamic pressure (%pv2>
o} density, slugs per cubilc foot
v velocity, feet per second
S total area, square feet
and
P =P
P pressure coefficlent <
9o
P static pressure at any point
R Reynolds number
Jist Mach number
a angle of attack of stabilizer
o} angle of elevator chord with respsct to stabilizer
chord (trailing edge down is positive)
7 included angle at elevator trailing edge

and
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(e} free stream

b balance
DESCRIPTION OF LODEL

The model was a full-scale semispan horizontal tail
surface of a fighter-typec airplane. The airfoil was made
according to the NACA 6£-009 profile, mocdified to have a
straight contour beyond the 72-percent-chord station.
The physical characteristics of the model are given in
table I and figure 1,

Stabilizer.~ The stabilizer was of metal construc-
tion and metal covered. (See fig. 2.) All rivets were
flush and the surface had been filled, rubbed with abra-
sive cloth, and waxed to increase the surface smoothness;
however, considerable surface waviness existed. The gap
between the elevator and stabilizer was approximately
l/h inch and was constant for &ll elevator angles. In
order to reduce undesirable air flow through tie elevator
hinge pockets, the model included cover plates, which
were attached to the top and bottom of each stabilizer
hinge bracket.

Elevators.- The chordwise and spanwise dimensions
of all the elevators tested were equal. The hinge line
was located at 72.0 percent of the chord of the horizontal
tail and the overhang was L8 percent of the elevator

C o . , :

chord <62-= 018 ). No trim tab is used on the elevator
e

of this airplane because the angle of incidence of the

stabilizer is adjustable in fligat.

The metal elevator was of aluminum construction
with no vent or drain holes. The nose shape was semi-
elliptical, and the contour was a straight taper behind
the hinge llne, rosultlng in a trailing-edge angle of
approximately 13°

Elevators 1, 2, 3, and l} were constructed of spruce
and incorporated systematic modifications to the ele-
vator profile (fig. 3). Elevator 1 had a blunt nose and
straight taper behind the hinge line (@ = 12°)., =le

2 A

vator 2 had a blunt nose and a cusped contour behind t“e
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hinge line (¢ = 79}, Blevetor 3 had a modified blunt
nose and a cugped contour behind the hinge line (ﬁ = T
Blevator ! had a semielliptical nose, of the samz con-
tour as the metal-covered elevator, ana a cusped contour
behind the hinge line (¥ = 7°). The coordinates of
these elevators are given in table II.

Examination of the stabilizer and metal elevator
showed that the center line of hinge-bearing in the sta-
bilizer brackets was .pﬂroxl 1ately three thirty-seconds
of an inch above the chord line. On the other hand the
hinge pins for the metal elevator were found to be slightly
above the chord line. As a result of these structural
irregularities, the upp surface of the elevator pro-
jected approximately one-sixteenth of an incli above ths
contour of the stabilizer for neutral elevator. The
effect of these structural irrezgularities and the modi-
Tications made to compensate for them will be discussed
Later,

APPARATUS AND METHODS

Model installation.- Inasmuch as a semispan model
was used, it was necessary to locate the center line of
the horizontal tail s1’ﬁfce in the plane of the tunnel-
wall flat to produce air-flow conditions more clo0n1>
simulating those of flight. (“on figs, 1 and 2.)
Labyrinth~type geals were used where the model support
went through the tunnel-wall flat to reduce to a minimum
the leakage of air from the test chamber to the tunnel.

Hinge-noment measurement.~- The elevator control
tube was extended so that it passed through the tunne
flat and two self-alining bearings nounted on the tunnel
balance frane. The elevator hln”e moment was transferred
through the elevator torgue tube to a 5-inch crank and
then through a jackscrew to the platlform of a scale. The
jackscrew was also used to vary the elevator angle. The
Platforma scale was attached rigidly to the tunnel balance
frawe and, since all other ”nLQtOd parts were also
attached to the tunnel balance frame, there was no 70uSl—
bility of the hinge-moment Mﬂasur@mento intertering with
the measurements of 1lift, drag, and pitching moment
All force and wmoment data were recorded simultansously.
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Elevator angle measurement.- An autosyn was used to
measure the elevator angle. The transmitter was attached
rigidly to the stabilizer at the inboard hinge cut-out.

A small pinion gear on the transmitter shaft was driven
by a large gear sector, which was rigidly attached to the
root of the elevator, Thus, any elevator deflection was
multiplied by the gear ratio (approximately 12:1) and
transmitted electrically to the receiver. A calibrated
dial attached to the receiver provided a continuous
visual indication of the elevavor angle. A templet was
gsed to check the zero reading of t1e autosyn indicator.
This system measured the elevator root angle within *0.1°

Angle~orf-attack measurement.- An inclinometer
located on a reference suriace of the model support
system was used to measure the angle of attack of the
stabilizer. The measurement of the root angle of the
stabilizer is believed to be accurate within £0.,05°,

Pressure measurements.- Pressure measurecments over
the nose and top surface of the metal-covered elevator
were made by the use of a pressure be lt (0.090-inch-
diameter Lubeg) located appro: ;mabely 117 inches rfrom the
center line of the airplilane (station J?) External pres-
sures were also measured behind the middle hinge pocket
on the top surface of the elevator by means of a small
pressure belt. These pressure belts are believed to
have no important effect on the pressure distributions.

The internal pressure of the elevator was measured
by opesn-end tubes Locatea in two elevator panels. One
tube was located near the inboard end of the elevator
(station 30) and the other in the panel adjacent to and
on the inboard side of the middle hinge pocket (station L7).

H

: o e % J - v
Trailing-edge strips.- Strips of 3—1nch— or I-g-lnch~
diameter tubing were attached to both surfaces of the
metal elevator at the trailing edge, The method of

attaching the tubing to the elevator is shown in fig-

o
ure . Strips that were full span, hal* span, and
quarter span in length were tested. The length of the
trailing-edge strips was varied b" cutting equal lengths
from the root and tip ends of the strips (See fig. q.)

Transition strips.- The extent of laminar flow over
the stabilizer, with metal elevator, was determined by
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fixing the transition with %—ﬂnuh-w1de strips of carbo-

rundum on the top surface of the stebilizer at constant
percentage of chord stations. Shellac was first applied
to the surface as a spanwise strip on which No. 60
powdered carborundum was evenly distributed. Upon com-
pletion of the tests with this transition strip, it was
removed and the process was repeated at a more forward
station., At the 5-percent-chord station tests were made
with the strip on the top surface and also with strips
on both the top and bhottom surfaces.

=
L

)
w2

Test data for the metal elev‘*cr wereNsonereldiy
obtained for angles of attack of -3°, 0°, 3%, 6°, andg 9°;
elevator deflections of -13°, -89, -i0, —lo, 00, 20, 50,
99, and 1L°; and M = 0,20, 0435, 0,45, 0,50, 0.55, 0,60,
0,65, and 0.70 with the original hinge position. The
p0331ble combinations of these variables were limited
by the meaximum ailowable load on the model, A few tests
also were made with the stebilizer hinge brackets lowered
3 /%2 inch.

J

The wooden elevators were tested only at moderate
speeds and a small range of angle of attack and elevator
angles. Tests to determine the effect of trailing-edge
angle (elevators 1 and 2) were made with the original
hlnoe locabion. ests to determine the effects of nose
shapc (elevmtoru 2, %3, and i) were made with the sta-
bilizer hinge bracket lowered 3%/32 inch. Tests of ele-
vator profile modifications, trailing-edge strips, and
transition strips included oplv limited combinations of

ale of attack, elevator angle, and speed, usually
a = =39 o 30, 8 = =8% to 99, and M = 0.35.

REDUCTION CF DATA

The data presented in this report liave been corrected
for tunnel-wall effects by the use of the reflection-
plane theory given in reference 1. The projected frontal -
area of the model was such a small part of the tunnel
area that tunnel-constriction corrections were negligible.
Also,corrections to pitching moment due to model deflec-
tion and balance-~frame deflection were found to be
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negligible., The corrscted data were cross-plotted and
the values at sslected angles of attack and elevator
angles were then plotted against Mach number. The average
dynamic pressures and average Reynolds numbers corre-
sponding to the test lMach numbers are shown in figure 5.
The Reynolds number is based on the calculated mean aero-
dynamic chord of L.27 feet. The results herein are gen-

2 4o

erally plotted against Mach number rather than velocity
or dynamic pressure bscause Mach nuwmber is considered to
be the dominating variable., The effects shown in these
plots, however, include effects due to distortion of the
mocdel under load and are not entirely compressibility
effects.,

' . % o4
Tests were made with approximately a r-inch gap

around the model support at the tunnel flat, with this
gap reduced to a minimum by the use of a labyrinth seal,
and with the gap completely sealed with flexible tape.
These tests indicated that corrections to the aerody-
namic coefficients due to air leakage from the test
chamber to the tunnel for the various leak conditions
tested were negligible for this setup. All tests were
made with the labyrinth-type seal around the model end
gap.

RESULTS AND DISCUSSION

Basic Data with Mebtal Elevator

BEffect of angle of attack.- The variation of the
aerodynamic coefiicients €y, Op, and C,; over a wide
range of angle of attack at low sgeed with the metal ele~

u £ ¥ ~ o : y 0
vator is shown in figure 6 for & = =-0.5° and 10.6°, The
low value of maximum Cy, obtained prompted a tulft study

to determine the origin and progress of the stall. At
an angle of attack of 11° a local area of senarated flow
appeared near the leading edge, centered about 1 foot in
from the stabilizer tip and extending over about 1 foot
of the span. As the angle of attack was increased, the
separation spread backward along the chord and inboard
coward the stabilizer root.

Effect of Mach number.- The variation of the aero-
dynamic characteristics of thie metal elevator with Mach
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number is shown in figure 7 for a = ~50{ Gl 20 ik

and 9° and a maximum test range of 06 = 140 to =139, The
increase in Cp with Mach number shown in this figure
does not indicate that the critical speed of the teail
surface was attained in these tests. The pitching-moment
and 1ift coefficienta would be expected, from Glauert's
theory, to increase approximately according to tine

12

factor (1 - N2> s however, figure 7 does not show
an increase of this order of magnitude. In fact, for
some model configurations at small values of a and
large values of ©, the lift coefficients decrease with
inoreasing Mach number, and this decrease is believed to

sult from twist of the stabilizer when the 1lift was
obt ined by deflecting the elevator. The elevator hinge-
moment coefficient oeqevally increased with increasing
Mach number for & 90 to -8°, This increase was much
more rapid than tue increase obtained by the use of

~1/2 ! : :

Glauert'!s factor <l - M;> » The failure of €the test
data to increase according to Glahert‘s factor is not
unexpected since this theory does not take into account
the effects of boundary layer and structural deformations.
At Mach numbers beyond the test range some clanges in all
coefficients are likely to oeccur.

Aerodynamic Parameters of Metal Elevator

Lift.~ The variation of the 1ift parameters (g
anc Cr6 of the metal élewvat vith Mach number is
hown in figure 8. The increase of the parametsr Ot.q
with Mach number is less than would be predicted by the

use of Glauertt!s factor and no critical condition is
apparent up to a Mach nurbﬂr of ﬂ.(J The b” adual
decrease of Crg Wwith llach nurber is an undesirable
characteristic and is believed to be due to the gap
(0.005¢c) between the stabllizer and elevetor leading
edge and partly to the elevator twist. Should the wvalue
of CLO be used as an indication of elevator effective-

ness, rigure 8(a) would indicate that the loss in ele-

vator ef; ctiveness is small as the alrspeed ls increased;
r
R . 7 T : y
however, the ratio = — 1s usually used as a cri-
CL(L 60
terion of elevator effectiveness. The variation of

Fa I

da/06 with HMach number as shown in figure S(b) indicates
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that the elevator effectiveness decreased from 0,51 at
M = 0,20 to 0.3l at M = 0,70. Since Cp, and Cpg

would be expected to increase with speed and CL6

actually decreases with speed, the loss of elevator effec-
tiveness with increasing speed is ascribed to the decrease
in CL@‘ As mentioned previously, the decrease in CLG

with increasing speed is believed to result primarily
from the gap between the rear part of the stabllizer and
the elevator leading edge. This impression is further
substantiated by a comparison of the results of tests of
another full-scale tail surface at high speeds (refer-
ence 2) with the present model, The only important
difference between the two horizontal tail surfaces as
regards the change in CL6 with speed is the use of an

elevator seal on the model of reference 2., Any differences
in the variation of Crg with speed for the two models

must therefore be an effect of the elevator-gap con=-
figuration. In figure 2li(a) of reference 2, the value
of CL6 is shown to increase with increasing speed up

to the maximum test speed M = 0,68 when the elevator
gap was sealed and the elevator with no appreciable
fabric distortion (elevator 1) was tested,

The theoretical elevator effcctiveness has been
calculated according to the theory of rercrence 5 and 1is
20 percent higher than the exnerimentsl value obtained
at M = 0.20. Since the thin-airfoil theory applies tc
flans hinged at the leading edge and no correction is
made for the increase in 1ift due to the balance area,
the elevator with the bslance area would be exnected to
have a higher effectiveness. Reasonable agreement is
obtained, howevcr, between the low-speed value of 0a/06
of 0.51 for these tests and the experimental value of
C.55 of reference l. '

Pitching moment.- The variation of pitching-moment
parameters with Mach number is shown in figure 9. The

paramzters Cma and Cm6 (fig. 9) increase in absolute

value with increasing Mach number. The parameter
GCm/écL/a gives the position of the aerodynemic center

with respect to the quarter-chord point of the calculated
mean aergdynamic chord. The variation of the psramcter
(6Cm/BCL/a with Mach number is presented in figure 9

P . 7t
“her the 1ift 1s obtained by changing the angle of
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the acrodynamic center

2
i rd from 0.227c at M = 0,20
o 0,160c 8t I = 0.70.  Wnen the 1lift is obbained Ly
hanging the elevator angle a = 09, the aerodynanic
enter of the airiotl shifts rearwerd rrom O V5 20ckab

0.20 to 0.670c at 1 = 0,70. However, these changes
in the location oi' tiie serodynamic center will have neg-
ligible efiect on the stability and control of the airplane,

Hinge moment.~ The effect of increasing Macl
on the elevator hinge-moment parameters 1s shown -z
ure 10. 1In general, the overbalance of Cp, &nd the
underbalance of Chs increased witih increasing Mach

number. In the sbsence of boundery-layer changes, the

elevator hinge-moment coefficisnt might lor‘*dLWy b;
assuned to increase in ebsolute Valae with speed accordin

, ( 2 £ ‘
to Glauert!s Tfactor 1 - J . However, the incresdase

3
LT Chg with HMach 1u}bcr ig approximately three times
L

this factor at ¥ = 0,70, PFurtihermore, the increase
165 C%s represants an increese of approximately 100 necr-
cent in the hin SG—MOLGHt coefficient. (Sees relference 2.)

Also shown in figure 10 are the wvalues for zero and
100 percent aerodynamic balance and balance effectivs-
ness, The values for zero aerodynamic balance have been
calculated according to the theory presented in refer-
ences 5 and 6 and, as such, do not include compre :
effects. . However, the low-gspeed walues have
through the spesd range tested to provide an
criterion for Judzing the experimental walues.

)

Bffect of Trailing-Tdge Angle
The low-speed values of Cy and obtalncc

! VP
with the metal elevator (trailing-edge a ?e 13°) were
0.,0020 and =0,0015, respectively. The reﬂvlfs of tests
made at the Langlevw Laboratorf of’ a scale model of the
complete lepld“e and experience with flight investiga-
tions on other airplanes have shown that the wvalue of
Ch should be epp ;onimately zero in order to avoid adverse
eL* ects on the stability and control characteristics,
particularly in gusty air. Preliminary calculations
based on unpublished data indicated that zero Chy - could
be obtained by decreasing the Lrailing-edbe angle from
approx letelW 130 to 79, This chunge in elevator shape
was obtained by the use of solid wood elevators and is
illustrated in figure 3.
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Hinge moment.« The effect of trailing-edge angle
on the elevator hinge-moment coefficient is shown in
figure 11 for three angles of attack and M = 0,35. The
nonlinearity of these curves prevents the exact use of
the usual parameters, but the 6° change in elevator
trailing~-edge angle resulted in changes in the parameters
of approximately ACpg = -0.0013 and AChq = -0,0026.
The change in Cp, due to reducing the trailing-edge
angle was of the desired magnitude, but the accompanying
increase in Chg Was undesirable., The undesirable

increase in Chg due to reducing the tralling-edge angle
may be nullified with no appreciable change in Cha by
changing the elevator nose shape. (See section entitled
"Effect of Nose Shape.")

Effect on drag.- The variation of the drag coeffi-
cient for elevators 1 and 2 (@ = 13° and 7°, respec-
tively) with elevator angle is presented in figure 12
for three angles of attack and M = 0.35. The increase
in drag for a given increment of elevator deflection is
slightly more for elevator 2 (f = 7°) than for elevator 1

(4 = 13°).

Effect on lift.- In general, a decrease in elevator
trailing~edge angle was. accompanied by a slight increase
in 1ift. Reducing the trailing-edge angle from 13° to 7©°
increased CLy from 0,061 to 0,06L and Crg from 0.031

tO 0.0th

Effect on pitching moment.~ Reducing the trailing-
edge angle from 159 to 7O caused the center of 1lift to
be shifted rearward. The center of lift shifted from
22,6 to 2li.2 percent of the mean aerodynamic chord for
5 = 0° when the lift was varied by changing the angle
of attack. The center of 1lift was shifted from 56 to
57«7 percent of the mean aeradynamic chord for a = 0°
when the 1ift was varied by changing the elevator angle,
These changes agree qualitatively with other investi-
gations (reference 7).

Effect of Nose Shape

The- results of these tests for trailing-edge con-
figurations showed that the desired value of ¢, could
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be obtained with a trailing-edge angle of approximately
7°. The reduction in trailing-edge angle, however,
caused an appreciable increase (~0.001%) in the value of
Chg. Since the original value of Ch6 obtained for the
metal elevator (-0.,0015) was considered satisfactory by
the manufacturer, it was desirable to reduce the new value
of Chge Reference 8 shows that the value of Cng can

be changed, without appreclably affecting the value of
Cha’ by altering the elevator nose shape. Accordingly,
systematic alterations were made to the nose profile
until a)satisfactory value of Chy Was obtained. (See
Thgs 5«

Hinge nioment.- The effect of the nose modifications
on the hinge-moment coefficient at a llach number of 0.35
is shown in figures 13 and 1lli. The nonlinearity of the
variation of the hinge-moment coefficient with elevator
angle prevents an exact measure of the parameter Ch@'
Also,the difference in structural stiffness between the
wooden and metal elevators and the asymmetry of the metal
elevator prevents a direct comparison of the hinge-moment
parametcers of the two elevators. Therefore, elevator iy,
which had a semielliptical nose profile like the metal
elevator,is used as a reference and only the incremental
changes in Chy and Cp, due to nose modif'ications are
presented. Figures 13 and 1l indicate that modifying
the elevator nose profile to modified blunt shape (ele-
vator 3) results in AChg = 0.0010 and ACh, = 0.0002,
approximately, and modifying the elevator nose to the
blunt shape (elevator 2) results in ACL. = 0.0020° and
Acha = 0.000h; consequently, an elevator that has &

slightly greater balance-noment area than elevator % will
provide the desired decrease in Ch6 of U500 5 andNso
nullify the adverse effect of reducing the trailing-edge
angle to 7°. The tests of the wooden elevator therefore
indicate that the desired values of Oy = U and

Chg = -0.0015 at M = 0.35 may be obtained if the original
metal elevator profile is modified so that it has &a meodi-
fied blunt nose shape (elevator 3} and a cusped contour
behind the hinge line (elevator 2).

The incremental changes in Cpg due to the elevator
nose-contour modifications are of the same order of
magnitude as would be calculated by the method of
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reference 8, As might be expected, very poor agreenent
is obtained when the value of Ch% for any one elevator
he

is calculated from the unbalanced section flap data and
corrected for balance effects by this method. lore
precise methods for correcting section hinge-noment data
to finite aspect ratio are being developed at the present
time.

Lift.= The effect of elevator nose contour on CL5

is shown in figure 15 at & = 0°, M = 0,35, and a = -3°
to 3°., Figure 15 shows that the lift increases slightly
as the surface discontinuity between the rear portion of
ths stabilizer and the elevator nose is reduced becaucse,
as the contour of the tail surface approaches trat of

the true airfoil, optimum pressure distribution and 1ift
are obtained.

Drag.- The effect of elevator nose contour on drag
is also shown in figure 15. The drag increases slightly
as the surface discontinuity between the rear portion of
the stabilizer and the elevator nose is increased.

Pitching moment.- The effect of elevator nose con-
tour on the pitching moment was not appreciable and no
data are presented.

Effect of Trailing-Edge Strips

Temporary changes in elevator characteristics are
often made by the use of trailing-edge strips. An inves-
tigation was therefore undertaken to determine, flors GRS
full-scale tail surface, the combinations of length and
diameter of trailing-edge strips that could be used on
the original elevator as a temporary expedient to obtain

Cha = 0O, Various lengths of l—inch—and jé—inoh~diameter

0
O
strips were tested at M = 0.35 and a = =39, 09, ‘End 3%,

Hinge moment.- Figures 16 and 17 show the variation
of hinge-moment coefficient with elevator angles for

. B e : e
various lengths of g—lnch— and :g—lncn—dlameter trailing-
4 18
edge strips, respectively, at a = =3°, 0°, 3°, and
M = 0.%5. Decreasing the length of the strip decreases
the slope of the hinge-moment curves, and no abrupt
changes in the trend of the curves occur. The data
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presented in these figures have been used to obtain the
hinge-morient parameters Cha and Chﬁ shown in fig-

ure 18. The desired value of Chq = O can be obtained
by use of a é-inch-diameter trailing-edge strip extending

across 2l; percent of the span or a —7-1nch—dlameter stPrlip
1o

extending across 38 percent of the span and centrall

located on the elevator, at the exipense, however, of an

undesirable increase in Chge The effect of speed on

the effectiveness of the trailing-edge strips is shown

in figure 19. ©No serious change of hinge-moment coef -

ficient or Cha cccurs up to M = 0,65 with the

>

full-span %-inch-diameter strips on the elevator trailing
edge.

Of interest is the fact that the effects of the
trailing-edge strins on the hinge-uioment-coefficient
parameters, Cpg and Cpg, and the 1ift parameter CLg
are directly opposite to the effects due to beveling the
trailing edze; that is, the use of trailing-edge strips
results in increases in the values of Chgs Cngs &nd
Crg9 whereas beveling a trailing edge causes decreases
in the values of these parameters.

Lift.- The effect of varying the length of the
trailing-edge strips on 1lift coefficient is shown in

2 =) 1 3 ° ' o 5 B - -~
figure 20 for the s-inch-diameter strip and in figure 21
l " .L) ) X
for the —-inch-diameter strip. The use of full-span
(@]

strips of either diameter results in an appreciable

increase in 1if't at the high elevator angles. This

increase in 1ift, however, affects only the value of

CLG’ the wvalue of CLa remaining practiceally constant.

The value of CL6 increases linsarly with strip length;

1 D l kd A | - - 92 1 ' -

the increase for the =-inch-~ and :g—lncn-alanecer strips
c ik

is 17 and 15 percent, respectively, when the strip length

o

1s increased from zero-span length to full-span iength.

Drag.- The effect of the length of the trailing-edge

. . . . . 1.
strips on drag coefficient for &-1nch- and —=-inch-
5 5
diameter strips is shown in figures 22 and 2%, resvec-
{) )) "ty
tively. 1In general, the increase in drag due to
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b

lengthening the strips for the inch-diameter strips

is double the increase which occurred with the i7-inch—
6

diameter strips. The maximum increase in drag coefficient

measured with %-inch-diameter, full-span strips was
o]
13 percent.

Pitching moment.- The center of 1lift was shifted
from 2% percent to 25 percent of the mean aerodynamic

chord for 6 = 0° when the 1ift was increased by changing
he angle of attack. The maximum shift in the aerodynamic

center was from 52 percent to 58 percent of the mean

aerodynamic chord for a = 0° when the 1ift was increased

by changing the elevator angle.

O~

Effect of Lowering the Elevator with
Respect to the Stabilizer

The data presented in the section entitled "Basic
Data with Metal Elevator" indicated that the metal ele-
vator trimmed at approximately =5° for a = 09 which is
believed to be a result of an error in the hinge loca-
tion (see "Description of Model") and possibly some
asymmetry in the elevator contour. A limited number of
tests were therefore made with the metal elevator lowered
to be more nearly alined with the stabilizer in order to
determine the effect of this change.

Hinge moment.- The effect of lowering the hinge
line on the elevator hinge moment is shown in figure 2l
for three angles of attack and M = O0+«55. The new hinge
position results principally in a shift of the hinge-
moment-coefficient curves for a limited range of elevator
anglies., he elevator trim angle at a = 0° is changed
from =590 «19,

Effect on 1ift, drag, and pitching moment.- No data
are presented to show the effect of lowering the hinge
line on Cr,» Cp, and cm because the eflfect was
negligible.
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Transition Strips

An investigation to determine the extent of laminar
flow on the stabilizer was undertalen. Carborundum
strips which are described in detail under "ilethods and
Apparatus" were used to fix the transition location.

Effect on drag.- Fixing the transition ahead of its
normal location should result in an appreciable increase
in drag. ©No pronournced increase in drag occurred as the
transition strip was moved forward on the upper surface
(figs 25) to the 0,05¢ location, &nd it is therefore conw
cluded that only a limited reglon of laminar flow existed,
possibly 0,10c. The lack of laminar flow cannot be
attributed to tunnel air-stream turbulence, since the
turbulence factor for this tunnel is of the same order
of magnitude as the factor for the low-turbulence tunuel,
and extensive laminar flow is usually obtained on smooth
models. Surface irregularities nearr the stabilizer nose,
particularly a spanwise joint at 0.10c, are probably
responsible for fixing the transition location. Fig-
ure 26 shows tlie effect on drag of locating the transi-
tion strips on the upper and lower surface of the stabi
lizer at 5 percent chord at 6 = 0° for M = 0.20, O.L
and 0,60. The increment of drag caused by the transi-
tion strips remains almost constant for a = =39 to 3°
and N = 0.20 to 0,60 and essentially equal to the
increase shown in figure 25.

E
T

Effect on elevator hinge moment.- The effect on
elevator hinge moment of moving tihie transition strip
forward is shown in figure 25 for & = 0° and L9, o = 09,
and M = 0,45. The hinge moment decreases slightly as
the transition strip is moved forward. This effect is
believed to be due to thickening of the boundary layer.

Effect on 1lift and pitching moment.- The effect of

the transition-strip location on C; and ¢C, was not
3 > A B

appreciable for any of the conditions tested.

Aerodynamic Hysteresis

Attempts to check some of the hinge-moment data
revealed apparent discrepancies, the magnitude of which
appreciably exceeded the accuracy of the measurements.

An investigation to determine the source of thiese dis-
crepancies revealed that, for a given model configuration,
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two values of hinge moment could be obtained, depending
on the direction from which the desired elevator angle
was approached.

Effect on hinge moment.- Figure 27 shows the aero-
dynamic hysteresis efiect for elevator 1. In general,
the hysteresis was present for about 15° of the elevator
travel:, The maxirum deviation due to hysteresis is
approximately 2° of elevator angle. The hysteresis
effect shown in figure 27 is representative of all of
the elevators tested which had a straight contour behind
the hinge line. Cusping the elevator contour behind the
hinge line and so reducing the trailing-edge angle to 7°
resulted in the virtual disappearance of the aerodynamic
hysteresis. Also the hysteresis disappreared for all
practical purposes at liach numbers greater than about
0.65. The aerodynemic hysteresis is probably related to
local boundary-layver separation on the rear part of the
elevator. It is an obviously undesirable phenomenon,
which would possibly necessitate continucus small adjust-
ments of the airplarne trimming mechanism in flight.

Effect on 1lilt, drag, and pitching moment.=:' Inasw=
much as the hysteresis was related to the elevator con-
tour behind the hinge line, only a fraction of the total
aree was affected. As would be expected, the effect on
1lift, drag, and pitciing moment was found to be negli-
gible and no data are presented.

Blevator Pressure

The metal skin on both the upper and lower surfaces
of the elevator at station 50 (fiz. 28) bulged and failed
by tearing out from under the rivet heads at approxi=-
mately O.75ce as a result of either a large local pres-
sure difference across the elevator skin or local stress
concentrations. (See fig. 29.) The external and internal
pressures of the elevator were therefore measured to
determine whether a local aerodynamic condition was

41

causing the rfailure.

Two pressure belts were used to measure the external
pressures on the upper surface. One belt was located
at station L7 and a small belt at the station of failure
(station 50). No appreciable differences were noted,
however, in the external pressures at stations 17 and 50,
and only the pressures at station |7 are shown in
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figure %3C. This figure shows no irregular or excessive
external pressures in the area of failure (0.75ce) at

M = 0.20, Additional tests made at I = 0.%5 and 0.45
showed similar results and the bulge was therefore con-
cluded to be a result of a local structural weakness.

The possibility of venting the elevator in order to
nullify the pressure drop across the skin and thus to

eliminate the skin deflection was investigated. It was
necessary to determine the internal pressure of the ele-

e
vator before attempting to choose a vent location. F.g-
ure 51 presents the effect of elevator angle on the
internal. pressure coefficient P; at a= 0° and M = 0.20.
The internal pressure was measured with normal leakage
into the elevator and with all apparent openings such as
the elevator hinge pockets sealed. A comparison of fiyg-
ures 30 and 31 shows that the normal elevator leakage
provides probably the highest negative internal pressure
and therefore the lowest pressure difference across the

elevator skin; thus air vents would be of no practical
benefit. It must be concluded that structural loads
cause local stress concentrations at the middle hinge «

pocket and result in failure of the skin at this location.
CONCLUSIONS

The following conclusions may be drawn from the
investigation describasd in this report:

l. A large increase in hinge-moment parameter Cha
9}

(rate of change of hinge-moment coefficient with elevator
deflection) occurred for the metal elevator as the Mach
muuber M was increased. The low-speed value of -0,0015
at M = 0.20 increased to -0,00%2 at 1 = 0.70., - The
hinge-moment parameter Cha (rate of change of hinge-
morient coefficlent with angle of attaclk) changed from
0.002ly at M = 0.20 to 0.0027 at M = 0,70 with a minimum
value of 0.0020 at M = 0.35.

2. The metal elevator effectivencss decreased with
increasing speed. This effect is believed to be a result
of the elevator gap being unsealed. The low-speed value -
of 0.51 at M = 0.020 decreased to 0.3l at 1 = 0,70,
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3. The values of Ch6 = =0,0015 and Cpn, =0
desired for this tail surface when used on the airplanc
for which it was designed may be obtained by modilying
the original elevator to have a modified blunt nose (ele-
vator 3) and a cusped contour behind the hinge line
(elevator 2).

ljs The incremental changes in Chg due *to elevator
nose-shape modifications were of about the same magnitude
as would be predicted by the use of recently published
methods.

= o : B : .
5. Trailing-edge strips of F-inch diameter and

2y percent span lsngth on the metal elevator reduced the
value of Cha = 0,0020 to zero, but with an.aceompanying

increase in Cpg from -0,0015 to «0,00l,0 at M = 0.35,

No appreciable loss of trailing-edge-strip effectiveness
in changing Cha was apparent up to M = C.65.

6. The region of laminar flow over the stabilizer
was limited to approximately 10 percent of the stabi-
Tizer chord,

Langley lMemorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va., March 11, 1946
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