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SUMMARY

An investigation was made to determine the aero-
dynamic effects of horn balances with various plan forms
and of guards on a horizontal tail surface. The results
indicate that rounding the adjacent horn and stabilizer
edges caused negligible changes in the aerodynamic charac-
teristics, except for ths changes resulting from the
decrease in the area moment of the horn, The use of
guards mounted betwsen the stabilizer and horn was found
to increase the slope of the 1ift curves with angle of
attack or with elevator deflection. The negative slopes
of the curves of hinge moment against angle of attack
and elevator deflection increased as the guard area was
increased.

INTRODUCTION

An investigation was made in the LMAL 7- by 10-foot
tunnel of the 0.5-scale model of the left horizontal tail
surface of the Grumman TBF-1 airplane with various horn
and stabilizer modifications. The purpose of the
investigation was to determine the aerodynamic effects
of changing the plan forms of the horn balance and the
adjacent fixed surface. Test results are included to
show the aerodynamic effects of various guard arrange-
ments that might be used on a horizontal tzil having a
horn balance. For convenience, the results presented
in the various figures are listed in table I. Tuft tests
of the outboard end of the model were made to determine
the air-flow characteristics of four horn and stabilizer
modifications.

Tnasmuch as this investigation was general, the
model was tested at higher angles of attack and with
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deflections much greater than would have been
r the actual TBF-1 airplans.

drag coefficient (D/gS)

pitching-moment coefrficient about mounting axis

(M/qSc)

elevator hings-moment coefficient about hinge
axis (Hg/qbeTe?)

twice the 1ift of the semispan model

twice the drag of the semlspan model

twice the pitching moment of the semispan model

elevator moment abeocut hinge axiz, foot pounds;
positive when it tends to depress elevater
tralling edge

dynamic pressure

total horizontal-tgll aresa

span of horizontal taill

span of left elevator

mean cherd of the horizontal tail surface
root-mean-square chord of the elevator

total guard area (two guards)

angle of attack of the model

elevator deflection relative to the stabilizer,

positive when trailing edge 1s deflected
downward
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guoted are for small values of

All slope valu g
ap deflection.

angle of attack and

es
£L

METHCD AND APPARATUS

A semispan model was mounted vertically in the

LMAL 7- by 10-foot tunnel (reference 1) with the inboard
end adjacent to the tunnel flcor, which thereby acted as
a reflection plane. The model was supported entirely by
the balance frame with a small clearance at the tunnel
floor in order that all the forces and moments acting on
the model could be measured. The flow over the model
simulated the flow over a complete horizontal tail
con81ut1nq of the left semispan of the model joined to

i%s reflection and mounted in a 10- by 1-foot tunnel.
In order to present results for the full-span horizontal
tail, the measured values taken for the tssts were
multiplied by 2. The test setup is shown schematically
in figure 1,

Provisions were made for changing the angle of
attack and the deflection of the elevator of the model
while the tunnel was in operation. The elevator hinge
moments were measured by means of an electrical strain
gage mounted within the elevator.

The 0,5-scale model of the left horizontal tail
surface for the TBF-1 airplane was furnished by the
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Grumaan Alircraft Cerporation and conformed to the
Gimensions shown in figure 2. The model represented
that part of the airmldpn shown crosshatchsed in figure 3.
The geometric characzteristics of the model are given in
tl.e following table:

Horizontal tall area, original configuration H; S,

e, BONEIe 06T ..v.svesssussivssbatntiokibasihs 105
Horizonbal tall span, v/2, PO | o mnt w it R RE 5.20
Elevator area aft of Llnge line; squarefipe tik SSNas NGRS
Elevator root-mean-squars chord, Te, feet ........ 1.268
ANt or movenment, dogreesS ....cesesseinarakit ok ssaiins
Guard area, g/'

Gfard 1, square ool ... svisnvsinnassi - ianiss Gl
Guard 2 (85 = 0), 8quare fest ..vecsnss-nsbenpns Q105
t

ERard 3, 80uare Teot ....s.eesscssdvburns ittt es
Guard .4, square fes .575

The modifications made on the model during the tests
consisted primarily of a systematic change in the gap
between the hLorn and stabilizer near the leading edge.

This modification was mede by providing the mcdel with
1pteﬂckangeuble horn- Qnd stabilizer- tip blocks of

various shapes. Figures lj and 5 show these modifications
to the model and Lnj cate the method adopted for the
designation of the various horn and stabilizer shapes.

For comparative nurposes, tests were also made of the

model without a horn and with a full-span stabllizer (HgSyl

® 0 0 ¢ 00 9 00090V S e S0 D0 e P O

Four different guaerds were also tested with the
riginal horn confi ur;tloﬂ. The dimensions of each
guard are given in flgLre 6 and photographs of the guard
arrangements are presented as filgure ‘.

For most tests, the dynamic pressure was maintained
at 16.37 pounds per square foot, At some high positive
angles of attack and positive elevator deflections,
values of drag and hinge moment too large for: the
indicating apparatus necessitated a recduction of the
tunnel dynamic pressure to 12.53 pounds per square foot.
These two dynamic pressures correspond to welocities,
under standard sea-level conditions, of 80 and 70 miles
per hour and to test Reynolds numbers of 1,9,0,0o0
and 1,720,000, rﬂspectlvely The Reynolds numbers are
based on a model chord of 2.6%3 feet, (Effective
Reynolds number = Test Reynolds number X Turbulence
factor., The turbulence factor for the LMAL 7- by 10-foot
tunnel is 1.6.)
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CORRECTIONS

The results have been corrected for the effects of
the jet bounderies. The corrections which were applied
to the angls of attack and the 1lift, drag, pitchling-
moment, and hinge-momsnt coefficients were:

Aa = 1.!4.8 X CL
ACL = “0.016 X CI

ACpy = 0.00235 x G

Alm = 0.0069. % ©1
ACh, = 0.0046 x C,
No corrections have been made for the effects of

the gap betwsen the rcot section and the floor or for
leakage around the support strut.

R

e

SULTS AND DISCUSSICN

Horn and stabilizer modifications.- The aerodynamic
charecteristics of ohe norizontal call are presented as a
function of angle of attack for two elevator deflections
in figure 8 2nd as a function of elevator deflection for
two angles of attack in figure 9. Little 1f any signifi-
cant change 1n the 1lift produvced is noted for the various

modifications, except for the tail surface without a
horn (HoSo).

The area of the horn decreased with the successive
horn modifications and caused a proportionate docrcase
in balancing moment, Thus, rounding the horn increased
slightly the negative slopes of the hinge-moment-
coefficient curves, as is shown in flgures 8 and 9.

No improvement in the hinge-moment characteristics 1s
apparent for a rounded horn.

Complete data are presented in figurés 10, 11,
and 12 for the model without a horn HyS,, for the

original configuration HySy, and for modificaticn HzSp,
respectively. The slope of the 1lift curve for the original




6 NACA ARR No. L J16

model H3Sy equals 0.055. In general, 1little gain in
1ift may be obtained by deflecting the elevator more
than 20° or by 1ncreaqiqg the an*ie of attack above 16°
except for attitudes of the moael in which the GLOVdUOP
deflection and angle of attack are of opposite sign.

The hinge-moment parameters are plotted in figure 13
against the ratio of the area moment of the horn to the
area moment of the elevator. From this figure, the
contribution of the horn to Chy and Chée may be

determined. The valuss of ACp, and AChae obtalned

are in good agreement with the values given in reference 2.

Effects of guards.- The aerodynamic effects
of mounting varioas guards on the original model H1Sy
are shown in figurecs 1l and 15. The guards act as end
plates on the airfoil and cause a small Increase in Cr,

increased (fig. 16).

[=3
0

and CLée as the guard area

The 1ift parameters increase in constant proportion to
each other; the effectivensss 0 of the elevator is

therefore shown to be constant with increasing guard
area,

Inasmuch as Ch and Ché increase nsgatively with
an increase in guard area (fig 16), the horn area would

have to be increased proporti ona ely with the increase in
guard area if th° hinge-moment parameters are to be kept
constant, Sin uh is positive, the hinge-moment

parameters mav be ex pucted to become more positive, as

did the 1ift parameters with increase in guard area.

The opposite 1s apparently true if a horn is employed

to obtain most of the control-surface balance. This
result might be explained in the following manner: The
airfoil may be considered as divided into two parts by

the solid guard. The portion of the airfoil inboard of
the guard has very little balance area and, therefore,

Cha and Ch@e are negative and would become increasingly

negative with an increase of guard area. Values of

CLQ and CL@e also would become increasingly positive
as the guard increased the aspect ratio. The portion

of the airfoil outboard of the guard, however, decreases
in aspect ratio with the addition of guard area. This
decrease would cause the positive hinge-moment parameters
for this portion of the alrfoil to have little influence
in the determination of the over=all parameter values.
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By the use of figures 135 and 16 it would be possible
to find the additional area moment of the horn required
for any size of guard that would be used. These curves
would be valid, however, only for guards mounted at the
spanwise station tested. A solid guard at any other
spenwise location would affect the 1lift and hinge-moment
parameters differently.

Tuft studies.- The results of tuft studies made on
the upper surface of the model for a series of angles of
attack at various elevator deflections are presented in
figures 17 to 20. These studies were made of the out-
board end of the horizontal tail for four horn and
stabilizer modifications and are believed to be the first
detailed tuft studies made of flow conditions around an
unshielded horn.

The photographs show that, at negative elevator
deflections, little difference exists in air flow over
the top surface of the model for the wvarious horn and
stabilizer modifications tested. At positive elevator
deflections, however, the effect of the horn on the air-
flow characteristics is not localized but affects the
air-flow pattern over much of the surface shown. Separa=
tion occurs.. on all of the elsvators suryveyed when the
elevator angle and angle of attack are 3°. "(For
example, see fig. 18(e).) On the other hand, for the
model without a horn at the same attitude a smooth flow
over the elevator is indicated (fig. 17(e)). The
disturbing effect of the air flow through the horn-
stabilizer gap and the hinge cut-out gap is evident
from figures 18 to 20. Rounding off the stablilizer H;Sp
produces a-slight improvemsnt in flow .conditions.

CONCLUSIONS

The results of an investigation to determine the
aerodynamic effects of varying the shape of horn balances
on horizontal tail surfaces indicate that:

1. Rounding the adjacsnt horn and stabilizer edges
had a negligible effect on the aerodynamic characteristics
of the tail surface except for that caused by the decrease
in horn area moment.




a NACA ARR No. LLJl1é

2. A solid horn guard mounted at the end of the
stabilizer increased the rate of change of 1ift with
angle of attack and with elevator deflection. The rate
of change of hinge moment with angle of attack and with
clevator deflection increased negatively as the guard
area was increased.

Tangley Memorial Aeronautical Lanoratory
National Advisory Committes for Aeronautics
Langley Field, Va.

1. Wenzinger, Carl J., and Harris, Thomas A.: Wind-
Tunnel Investigation of an N.A.C.A. 23012 AaligiepLl
with Various Arrangements of Slotted Flaps. NACA
Rep. No. 66, 1939.

2. Lowry, John G.: Resumé of Iiinge-Moment Data for
Unshielded Horn-Balanced Control Surfaces. NACA
RB No. 3F19, 19L43.
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RESULTS IN VARIOUS FIGURES
b e
1 o e $ oo ?r
Figure (dog) (deg) Horn| Stabilizer| Guard
!
8 -8 to 32| 0 and -20| Hp So None
Hy S1
Hy S1
Hy, S1
Hy S5
Hp S2
N/, W N/ Fl;_ 82
9 0 and 8 -36 to 36 Hy So
160} Sy
H2 Sy
I{LI,' Sl
Hy So
‘15 S
'u/ S \/ HA 82
10 -8 to 32 -32 to 32 | Hj 3p
) 4 l : Hy S
12 NV H5 52
1l 0 and -20 | Hj Sq W
s
z
3
4 v/ Y }_;_
15 0 and 8 -36 to 36 None
i
2
\ W Y \i/ \V EL

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 4 - Derails of horn and stabilizer niodificals
2 res?ed on rhe O05-scale modge/ TBF/ /left
horizontal/ tail surface (HS, Original horn
and stabilizer).
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(a) HgS,.

Figure 5.- Photographs of 0.5-scale semispan model of

horizontal tail surface of TBF-1 airplane showing con-
figurations tested.
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(b) HyS;-

Figure 5.~ Continued.
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(c) HoS,.

Figure 5.- Continued.
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Figure 5.- Continued.
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(e) Hlsz.

Figure 5.- Continued.
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(f) HpSg.

Figure 5.- Continued.

Fig.
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(g) HzSs.

Figure 5.- Continued.

Fig.
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(h) H482.

Figure 5.- Concluded.
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Figure 7.-

i

fa)Guard 1.

Three-quarter front view of various guards on 0.5-scale semispan
model of horizontal tail surface of TBF-1 airplane.
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Figure 18.- Tuft study over upper surface
of TBF-1 left horizontal tail surface.
HyS;: aq = 16.37 pounds per square foot

warbhraisterisk 1n which q = 12.5% pounds
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Figure 18.- Concluded.




NACA ARR No. L4J16 Fig. 19a

a = 24°

Figure 19.- Tuft study over upper surface of 0.5-scale model
of YIBF=1 left horizontal tail surface. : Modifiecation H 82;

| q = 16.37 pounds per square foot except for tests with

\ asterisk in which q = 12.53 pounds per square foot.
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Figure 19.- Continued.
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Figure 19.- Continued.
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Figure 19.- Concluded.



NACA ARR No- L4J16. Fig. 20a

Figure 20.- Tuft study over upper surface of 0.5-scale model
of TBF-1 left horizontal tail surface. Modification H 82:
qQ = 16.37 pounds per square foot except® for tests witg
asterisk in which q = 12.53 pounds per square foot.
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