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HIGH-SPEED WIND-TUNNEL TESTS OF SEMISPAN HORIZONTAL
TAILS WITH FABRIC-COVERED AND METAL-COVERED
ELEVATORS FOR A BO:BER AIRPLANE : i

By Albert L. Erickson and Warren H. Nelson

SUMMARY

This report contains the results of tests of a full-
scale semispan horizontal taill planc of a bomber airplane.
The effects of fabric distortion on the aerodynamic character-
istics of the elevator are determined by comparing the aero-—
dynamic characteristics of a fabric-—covered elevator with
those of a metal-covered elevator. In addition, the results
of cutting holes in the balance seal, the effect of fixing
transition, the tab effectivencss both sealed and unsealed,
and the section drag of this tail plane are presented.

The results of the tests show that fabric deformation
can causc extreme changes in stick force at high speed. At
0.72 Mach number, the calculated stick force per unit normal
accelcration for the fabric-covered clevator was three times
the force for the metal-covered clevator. It is also shown
that the tab effectiveness can be trebled by sealing the ge
at the leading edge of the tab.

INTRODUCT IOY

The increcasing speed and sizc of airplanes have causcd
the design of control surfaces to become extremely critical.
At the highest speeds, because of the close balance recuired,
a slight variation in the control contour can cause extreme
changes in the control forces.
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There have been numerous cases where flight data have =

shown the rather serious effects of fabric distortion. Refer-
ence 1 discussed several of these cases in which very large
stick forces that occurred in flight were found to be caused

vy fabric distortion. The gualitative effects of slight
changes in contour, such as might be caufed by fabric dis-
tortion, are given in references 2, 3, and 4. Reference 2 is
an analyvtical study of the stick forces that would result from
various types of fabric distortion, and shows that fabric
distortion can cause extreme changes in the control character—
istics.

The tests discussed in this report were initiated to
determine the effectes of distortion of the fabric covering of
the bomber elevator at high speeds. Quentitative results on
the effect of fabric distortion by direct comparisons of the
characteristics of a metal-covered elevator with those of a
fabric—-covered elevator are included. In addition, the
effects of installing leak holes in the elevator balance seal,
secaling the tab, and fixing transition on the stabilizer are
presented. The results of measurement of the sectional drag
coefficient of this production-type low-drag tail plsne are
also included.

The data were obtained in the 1l6~foot hlgb~80eed wind
tunnel at the Ames Aeronautical Laboratory, Moffett Field,
Calirs

SYMBOLS

Standard NACA symbols and cocfficients used throughout
the report are defined as follows:
o airplane angle of attack, degreces (angle measured from
fuselage reference line)

Gy angle of attack of orizontal tall, degrees (zero lift
('/

occurred at —-1.89°)

N elevator angle, degrees
8¢ tab angle, degrees o
1 Mach number

..
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Cdg airfoil section drag cocfficient

Che clevator hinge—-moment coefficient (He/qbeT?)

He elevator hinge moment, foot-pounds

a dvnamic pressure (3pV®), pounds per square foot

be elevator span, fect

[+ root-mean—square chord of eclevator behind hinge

Line, feet

CLy 1ift coefficient of tail (Lg/qSg)

Lt 1ift of tail, pounds

St area of tail, square feet

Crt pitching-moment coefficient due to tail

(it /qSw (. £.C. )w]

big moment about the center of gravity due to the tail,
foct-pounds

ci

W arca of wing, sguare fce

~

hord of horizontal tail

Q

M.A.C.»g mean aerodynamic

-

rodynamic chord of airplane wing

)

1.4.0.y mean a

(
i

P pressure coefficient (p - pol/a

jo) local static pressure, »pounds per sguare foot

Po frec—strcam static pressure, oounds per Sguarc foot
et critical pressure coefficient

APPARATUS AI'D IETHODS

full-scale semispan horizontal tail plane from the
bomber airplane was used for thesc tests. A stub section
was provided so that thc tunnel wall was at the position
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correspordiqg to the airplane center line (fig. 1). There was
o gep of epproximately 3/16 inch between the model and the

tunnel wall, out it was found that this gep had no measurable
effect on the elevator hinge moments. The taeil plane was
mounted upside down in.the tunnel. Thc streamline tie rod,
shownn in Tigure 1, was used to increase the allowable negative
1ift loads. The model was supporied by the balance frame so
that all forces and moments could be measured by the six-
component scale system.

The elevator angle was controlled by an electric motor,
and maintained at a constant setting by &an automatic posi-
tioning device. Hinge m mcqts were measurcd with a calilbrated
electric strain gage mounted on a speclcl arm in the elevator
control linkage.

The gencral dimensions and plen view of the tail plane
as tested are shown in figure 2. Figure 3 shows a sectional
drawing of the stabilizer, elevator, and tap. Figure U4 shows
the rib spacling in the elevatQr, and gives the specifications
for the fabric covering and ite application.

The data have been corrected for tunnel-wall effects.
The correction varied across the span of the wing; however,
a weighted-average correction to the angle of attack, equal
to 0.898 C1, was added. The data also heve been corrected
r the effects of constriction on the dynamic pressure and
Mach number. i

Hh

Wherever slopes are given in the
slope through zero stabilizer anglc, c
angle, as thc case may be.

ext they refer to the
va &

1 4
L %]
levator asngle, or tab

In analyzing the date, stick forces were computed for
three Mach numbcrs. It was necessary to compute thesc stlck
forces for fictitious conditions, because the strength of the
support system was such that it was not possible to attain
stabilizer and elevator angles that would completely corre-
spond to those of the bomber airplanc au high speed. In
order to use the date obtained to tnn best advantage for com—
perative ﬂurposos, the following conditions wecre used in the
calculations
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(a) The stabilizer was set at 2 angle of inecidence.

(It ic at 0° on the airplane.)

(b) The downwash 2t the tail was computed as being
equal to 5.2 Op,.

(c) Tail-off pitching moments from the 17.5-percent
scale model of the bomber alrplane tested in the
16-f00t wind tunnel were used (reference 5).

(6&) Because data at only one stabilizer angle were
obtained at high speed during the model tests,
no correction to éCmt/éat for fuselage interfer-
ence was possible. This effect would not change
the differences between the characteristics cal—

culated for the fabric—covered and metal-covered

surfaces.

—
()]
~

The stabilizer angl@ and elevetor angles used for
the comparati stick forces shown for a iMach
number of O. 103 were obtained from tests of a
model of the bomber airplane in the 7- by 10-
foot wind tunnel.

\ESULTS AND DISCUSSION
Comparison of Fabric-Covered and lMetal-Covered Elevators

At a Mach number of 0.133 there was no noticeable
distortion of either elevator. Figures 5 to & show that, as
would be expected, the febric-covered and metal-covered ele-
vators had similer aerodynemic CL&””Ct@TlStiCS at this low
Mach number.

At a lach number of 0.33, the fabric surfece began to
ghow slight distortions; for an elevetor angie of 0° the slope
oCn /éat is -0.0009 for tqe fabric-covered eLchtOL and 0,0005

fov the metal-covered elevator (figs. 9(a) and %(b)). The
tail effectiveness OCW+/oat remeins practically tAe same for
the two elevators (figs. 10 (a) and 10 (b)). The slope
-0Che/08e 1o about 50 percent greater for the fabric-covered
elevator (fig. 11). The comparative stick forces in figure 12
show a slightly greater variation of stick force with center-
of-gravity position for the fabric-covered elevator. The
computed stick-force variation with indiceted acceleration 1s
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the same for both elevators (fig. 13). It is to be noted in
both figures 12 and 13 that tle prin ciipaliNe BRclcitio T aloRte
distortion at this speed would be to change the airplene trim.

The deformations of the fabric-covered and metal-
covered clevators at 0.72 Mach number are shown in figures 1L
and 15, These figures show that the fabric was distorted to
a concave snape on hoth the upper and lower surfaces, as was

true under all conditlions tested, In ficure .15 1t 1s seen

that the mefal surface wee slightly dith;tbu so thet its
characteristics are not those of 'a rigid surface. From these
PLCtUTLS it shou thet tihe differences shown

in comparing the y the metal surface are not
as 1le¢ zﬂ as the the fabric-covered elevator

e 1is

otICS of the
ueh the data

-gtn the
g2y, idn

'uwfl@ me tc‘.l'—’

red elevator.
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figures 16(a) and 15(b), OChe./Oat is O,

coverecd elevator ﬁlﬁ -0.0010 for the fab

The curves of OCn./Oat for the metol-cover levator have
e, discontinuity between —20 and -2. 50 angle of eattack, which
i
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probably due to separation- causcd by sunercritical speeds
gure 17 shows an bytrumn differencc in 0OCho/08e. This

owe 1s -0.0033 for the fabric surfece and -0.0005 for the
tel surface. The smoll velue of -éChe/éSG for the metal-
vered elevator at 0.72 liach number (fig. 17) was determined
from & very limited amount of date. 5
profile has but slight effect on -0Ch./05
vator angles, this slope would probably : ume a veluc similar
to tnct for the fabric-covered clevator s arger ncgative and
positive elevator ancles. Figures 13(s) and 12(b) show that
the tail effectiveness OCpe/0Gy romeins the same for both
elevators. The effect of thce distortion of the fabric surface
on the various paramctcrs is to be expected, and provably
could be ‘PLHW”tud if thc exact distortion were known
(references 2 and 3).

(=5
o

at large ele-

M Y A O

Stick forces computed for 0,72 lach number are pregented
in figurcs 19(a) and 19(b). The stick force per g is 50
pounéds for thec fabric-covered clevator and onily 20 pounds for
the mctal-covered elevator. The results show that it would be
impossiblec to »redict control forces accuratcly from model
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data if the airplane has control surfaces that distort.

Beceuse of the importance of the trailing-edge angle in
= \
determining elevator characteristics (refercnces 3 emnd 6), it
is believed that if the aft 5 or 10 wnrnent of the elewvator

were made of metal and the surface vented at the trailing edge,
the stick forces would more nearly CO&Q&PG with results pre-
dicted from tests of rigid oontfol surfaces.

Figures 20 and 21 show the pressure distripution over
the lower surface of the stabilizer at 0.33 and 0.72 Mach
numbers. In figure 21(b) a slight difference in the pressures
near the peak is noted, the stabilizer with the fabric-covered
elevator having u¢13ntly hichr local veleoeitles, Pressures
over the elevator were not messured; however, balance-well
pressures were measured, and i

J
is shown in figure 22 that

o
perl
e
[

tw? balancing hinge moments computed from the balance-well

"”c sures are not aporeciably affected by the elevator contour
henges. LqurefO“e the large changes in elevator hinge

moments are almost ent*rrlv due to the chanzes aft of the

clevator hinge line.

Figures 23(a), 23(b), 24, and 25 show the condition of
the fabric surface before and after running at high speed.
The looseness of the fabric after a run at high speed
depended on humidity, temperatur

J
hlgn gpeed conditions. Under static conditions the fabric
radually became taut again.

Effects of Leak Eoles in the Balance Seal

Sixteen holes, 1- 1/16 inches in diemeter, were cut in
the balance seal, ae noted in figure 5. The effects of these
openings are presented in figures 26 to 32. The slope
—éChe/éct was not changed by the leal holes, but the slope
~éChﬁ/6P was about doubled. The celculated stick force

per g at 0.33 Mach number for sea-level 'tions is about
13 pounds with the sealed balance and abou pounds with
the holes in the sea In ra Glhae stiok—force gradients
arc about doubled vh n the s are placed in the
balance seal.

I
1 |
e, and length of time at
a

Cf'()
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Tab Effectiveness

The tab effectiveonces -0Che/08t 1is about 0.0035 at
both 0.133 and 0,33 :~oq pb“b“rs fjgg. 58 and d4). AL 0,72
Mach number the cffectivencss drops off slightly to 0.0025
(fiz. 35). In order te inerease tho tab cffccu veéness, the
gap &t the leading cdge of the tab wes scaled as indicated in
) i

ec

P

TG

cetivenessg ot O.72 Mach namoor increasecd to

K15} level and 0,72 hMach number the

i ut U2 vounds for the

0 el sealed taby Nihe

at 20, OQ fect altitude arc
al 56 wounds for thc

2 7“ lach number werce taken at

end vcr“ aken &8s near the same fime

bric tautncss would be constant.

about 0O.007 Z.
gitlicles fonceNperide
unscaled tab and &
stick forccs per
lu pounds for thc
egaled teb (fig. . ;
onlv two tab cnecles (£1°)
28 possible so that the fa

The brea ho/o0at and écmt/éat, noted in figures

/
5(a) and G\H), wero bolioved to be coused by o cudden forward
nmovement of the tresnsition point. r"""ns_di’n was fixed at 20

perccnt chord by means of a strip of carborundum in order to

\

investizate nis effect, and the rosults arc shown in figures
37 ~nd 33, ese recsults show thet there were no bresks. in
the curves . 38) when the transition point wes fixed,
hence the bresks that occurred when the point of transition
ve.s nub fixed were probably ecaused by & forwerd mevement of
the trensit point. Figu i thet, at an elevator
anzie of -2 thel pressure rdilstribusion on the stebilizer
with the fa c-covered elevator caanges from a favorable
gradicnt ot angle of attack to an unfavorable gradient ot
Troneition would be expected to occur at about 0° or at
ghtly more ncgetive engle, which wors rec ”¢tq tho
tion broaks noted on the curves (f ol g). The
noted. in these data are »rebably P on the
are duerng the lunterfemcnece 'of Glie .
th?bhlunCC level of the 16-foot wind tunn very low, and
probebly the cffeetive Reynolds number 1 turnned clesely
approximatest thaet Tatlthe Tao il e Hhch e irpilane 1n freeNaEn:

Section Drag

The scetion drag of the bomber
mcasurced by the momentum method, and
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in figurcs U0 and 41. The surface was not prepared spcelally,
cxcept that 211 obvious rough spots were lightly sanded. A
two-dimensional smooth model of this stabilizer and elcvator
wes tested in the Langley two-dimensional wind tunncl, vhere
the lowest scctlon drag obtailned wee about 0.00UL5. - Compared
to tials valuc, the production teil plane in the lo-foot high-
speed wind t1np 21l at the Ames Loborabtory had a2 minimum sectilon
drag of about 0.0052 2t onc station. The momen tum— drag mcas—
uremcnts arc of cuestionable accuracy becausc of the spanwise
Tlow on the threo-dimensional body.

0 k foree »ner unit normal

a1 , st results for the fabric-
2] i ic force for the metal-

1 ! i rec renece indaieetes scrious
jie desien diffieculties fabric—-covercd elevators

1)

0
kS
(@]
(&Y s
o
o]
L)
i1

The mectal cove
therefore, wheon desi
must be considered.

It 1s indicated tkhat, &% thc two tab angles tested,
gealing the gap at the lceding edge of the tab triples the
Geb effecctiveness.
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Figure 1.- A full-scale semispan horizontal tail for the
bomber airplane in the 16-foot wind tunnel,
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FOR RUNS WITH BALANCE
SEAL LEAKS , 16 1{g-DIA. HOLES
LOCATED IN | THIS FLANGE

TAPE PLACED
ACROSS GAP TO
SEAL TAB

AN ras

AVENT HOLES

sTaBILIZER | HINGE LINE ELEVATOR
AIRFOIL CONTOUR — DOUGLAS F,
PERCENT THICKNESS - I3.95 CONSTANT
APPROXIMATE ELEVATOR BALANCE SPAN - |05 IN.

BALANCE CHORD RATIO <45%

DIHEDRAL - O°
AIRFOIL HAS NEGATIVE CAMBER AS INSTALLED
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FIGURE 3.—- TYPICAL CROSS SECTION OF A
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SPECIEICA TIONS

I. FABRIC-COT TON
AIRPLANE CLOTH
AN-CCC-0O-399.

2.00PED WITH 4COATS

CLEAR NITRATE
DOPE- AN-TT- D-154.
APPLIED BY HAND,
2 COATS ALUMINIZED
DOPE~AN-TT-D-55/ .

APPLIED BY SPRAY,
USiING PROCEDURE
o98-24-/0Q. DRIED
IN TEMPERATURE
CONTROLLED ROOM.

3. SAME PROCESS

FOLLOWED AS WITH
PRODUCT ION AlIR-
PLANE, IN DOPING
STITCHING, ETC.

NATIONAL ADVI SORY
COMMITTEE FOR AERONAUTICS

THE RIB SPACING OF THE
FABRIC-COVERED ELEVATOR FOR THE
SEMISPAN HORIZONTAL. TAIL OF THE
BOMBER AIRPLANE.
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Figure 1U4.- The bomber stabilizer with the fabric-covered
elevator. M, 0.72; ag, -39 §,, 0°.
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Figure 15.- The bomber stabilizer with the metal-covered
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Upper surface, (b) Lower surface,

Figure 23.- The static condition of the bomber stabilizer and
fabric-covered elevator before running at high speed,
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Figure 24.- The static condition of the bomber stabilizer
and fabric~covered elevator, after running at high speed.
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| Figure 25.- The static condition of the bomber fabric-covered
elevator, after running at high speed.
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