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EFFECT OF UNSHIELDED AND SHIELDED HORN BALANCES ON HINGE
MOMENT COEFFICIENTS FOR CONTROLS AT LOW SPEEDS

1. NOTATION AND UNITS (see Sketchl.1)
Sl British
A aspect ratio of horr/ Ch
B increase in balance due to horn (see Sk&tth
b, rate of change of hinge-momentetficient with angle of radt radt
attack
b, rate of change of hinge-momentetficient with control radt radt
deflection
Ab,, increment inb; due to horn balance ratd rad?t
Ab,, increment inb, due to horn balance ratl rad?
(by),*/(by),* ratio of viscid to inviscid flow values df; in two
0 oT : . L
dimensions for aerofoil witlit/c),, = tan %t (from Item
No. Aero C.04.01.01)
(b,) */(b,),* ratio of viscid to inviscid flow values df, in two
0 oT : . L
dimensions for aerofoil witkt/c),, = tan ¥z, (from Item
No. Aero C.04.01.02)
Cy hinge-moment cefficient, H/1/szZSr Ef
(©)p wing chord at mid-span of horn m ft
(Cb)h chord of basic control (without horn) forward of hinge line m ft
at mid-span of horn (see SkettH)
Cs mean chord of control aft of hinge line m ft
C chord of horn forward of hinge line at mid-span of horn m ft
Fl, F2 section thickness factors
H hinge moment, positive nose up Nm Ibf ft
N nose shape correction factor
K correlating function depending d/c),,—tant,
R Reynolds number based on wing mean chord
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area of control aft of hinge line M
span of control m
span of horn m
maximum section thickness m

thickness to chord ratio of wing at mid-span of horn

free-stream velocity m/s

distance of horn leading edge ahead of trailing edge at
mid-span of horn, as fraction of local wing chord

density of air kg/m
trailing-edge angle at mid-span of horn deg
(©n
Xp (O

N

ft

ft
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2. METHOD

This Item gives a semi-empirical method for predicting the increments in the rates of change of

Sketch 1.1

hinge-moment cefficient with angle of attack and control deflectioAb,,,  afd,,
fitted to the tips of unswept or moderately swept controls at low speeds. cfémants are given in terms
of the parameterb,, /A BF, amkb, /A BF,NK  which are presented in FigLaad2, respectively,
as functions of the horn leading-edge positigand span ratis,/s; . The section thickness fadtgend
F, are given in Figur& as functions oft/c),, . The functiddis given in Figuret as a function ok, and

provides a correction for thefirent effects omb,,,

, for horn balances

ofaund-nosed and elliptically-nosed horns. The
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functionK is given in Figures and allows for the effect of section shape/dn,, through the parameter
[(t/c),,—tan¥et, ] . The functiorK was determined primarily for application to unshielded horns, and for
shielded horns the range ¢ft/c),,—tan’st;] for whigh= 1 should be taken to define a limit on
applicability.

The method provides compatible predictions for the two types of horn, with the estimated values for the
unshielded horns forming acceptable limiting values for shielded homsaaproaches unity. Because

of the larger number of experimental data available, and its greater simplicity, a method restricted to
unshielded horns was developed initially. A number of deductions from that analysis were then used in the
construction of the method for shielded horns. This process is described in €ktion

Development of Method
Unshielded horns

The method for unshielded horns has been developed by following Deritatibare the analysis of the
hinge-moment data available when that report was published alldwggdA, B AppdA, B to be
correlated linearly againgt/c),, , the mean thickness to chord ratio of the wing over the span of the horn.
Examination of information from Derivatior 5 and6 that has become available since publication of
Derivation1 has now enabled different linear trends witft),, to be establishekbigr Alppd , but
in the latter case with correction for trailing-edge angle. Thus Fidaresid2a give Ab, /A, BF, and
Ab,, /A B F,NK where the funeonsF; andF, are taken from Figuré These provide a better prediction

for current control geometries. Almost all of the data studied were in the Gad@e(t/c),,<0.15 , buta
linear extrapolation has been maddtic), = 0.05 , Where a single data point from Der2/stiggests

that this is adequate.

In addition, empirical variations with the span ragigs; , as shown in Figure$a and2a, have been
determined to allow for the relatively larger effectiveness of horns with span ratio smaller than those
considered in DerivatioB. These were established by looking at systematic tests in which a number of
horns of different spans were tested w(tic),, a constant.

The factoNis given in Figurd as a function of nose shape and is unity for unshielded horns, butis included
in the ordinate of Figur2a to give a consistent presentation with the data for shielded horns.

Most of the data examined were for section shapes for widi<[(t/c),—tan %1, ] <0.04 . However,

a set of tests reported in Derivatidion three pairs of models that were identical apart from large changes

in control trailing-edge angle suggested that outside this range there was a pronounced vafijon in ,
but not inAb,, . The factoK in Figure5 has been derived from those data, the part of the curve
demonstrating the observed behavioufl,, . Because the shape of the curve has been deduced from
small number of data over a limited range of Reynolds number it must be taken as being indicative of trends
rather than a precise correlation.

Shielded horns

The method for shielded horns has been developed similarly from the technique of Defivatigain

the parameterdb, /A, BF, anfib, /A BF,N  are associategti F; andF, , the same empirically
determined functions oft/c),, , that were established for unshielded horns. The experimental data in
Derivations2 and4 to 8 allow the parameters to be correlated in Figateand2b in terms ofs,/s; and

X, - They show an increase in magnitude with decreasjfsg that is similar in form but somewhat faster
than that for unshielded horns; their variation withallows a smooth transition into the values for
unshielded horns correspondinggp= 1. Regions of the carpets that have been interpolated by using the
predictions for unshielded horns are shown dashed.
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The factorN has been deduced from Derivati®dmhich reports on a series of tests in which a number of
otherwise identical horns were tested with elliptical or round (semi-circular) noses/dp+ 0.12 and
0.24 and0.5< x,< 0.85 . Those tests showed thateffiect ofnose shape ofb,,  was significantly larger

for the round-nosed horns. The higher curveNahown in Figurel has been deduced to allow for this.

In view of its limited data base it should only be regarded as tentative. The main body of data studied show
thatN = 1 is appropriate for horns with elliptical noses with minor to major axis ratios up to 0.3.

ACCURACY AND APPLICABILITY
Unshielded Horns

For unshielded horns Sket8hl. compares predicted and experimental values for the data used to construct
the method and for many additional data contained in Derivatiofrhe incrementdb,,, anflb,, are
predicted to within about0.05 ralland+0.03 rad respectively.

The rates of change of hinge-moment coefficient are defined for small angles of attack and control
deflection, typically betweet5° . The ranges of geometric parameters examined in the preparation of the
method are given in TabB1L All of the data were for full-span elevator and rudder controls with unswept
hinge lines, but the method can be expected to apply equally well to ailerons and to controls with moderately
swept hinge lines.

If the inboard edge of the horn is not parallel to the tip chord but inclined at a smal( angoe ) so that
the horn span varies between the control leading and the hinge ling, shenld be taken as the mean span.

TABLE 3.1 Ranges of Experimental Data for Unshielded Horns

Parameter Range Parameter Range
(t/c)y, 0.05t0 0.15 A, 0.32t0 1.20
Th 5°to 20° B 0.04 to 0.35
[(t/c),—tan Yoty ] —0.32 t0 0.074 R 10%t0 4 x 168
SWAH 0.07 t0 0.25
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Ab,, Experiment
Sketch 3.1 Comparison opredicted and experimental values for unshielded horns

Shielded Horns
For shielded horns Sket@&x2 compares predicted and experimental values for the data used lapdbee

method. In general both increments are predicted to within aifod25 1, dthough the overall scatter
is slightly greater foAb,, , most notably for round-nosed horns. This emphasises that thH factstr

be used with caution, especially for horns of small span rgjig,<0.12 , because as explained in Section
2.1.1it has been derived from a single limited set of test data. The greater scaltey, for is also partly
due to the fact that the variation &b, with horn geometry is less consistent than Agf, of . Where

there is conflict in the data the shape of Fidllrdnas been used as a guide in the construction of Riure

A number of experimental data, shown as circles in SKk&t;thave values o:ﬁb1h anﬂb2h that are

much lower than predicted. No fully satisfactory explanation has been found for this but those tests were
for low Reynolds number(<0.6x 10°) and for section geometries such that the ratio of the
two-dimensional viscid to inviscid hinge moment coefficient derivativelsl)o*/(bl)OT* and
(by),*/(b,) +* , as estimated from Item Nos Aero C.04.01.01 and 02 (Derivations 9 and 10), were as low
as 0.16 and 0.26 respectively. The main body of the data for shielded horns (and all of the data for unshieldec
horns), satisfied the conditiofis,) */(b,) T* >0.35 a@)o*/(bz)OT* >0.45 . ltistherefore suggested
that the method should only be used w%en those conditions are met.

For all of the test data that have been studied on shielded horns it was satisfactory to asstime that
However, it was found during the study of unshielded horns that, if a configuration failed to satisfy the
criterion —0.01<[(t/c), —tan %z1}] < 0.04, the adjustment 0 in Figure5 was required for a successful
prediction ofAb,,, . Inthe absence of test data to investigate this matter for shielded horns it is recommended
that the above range be taken as a limit on applicability.

The rates of change of hinge-moment coefficient are defined for small angles of attack and control
deflection, typically betwees5° . The limited data that have been studied indicate, however, that the
variation of the hinge-moment efficient is essentlly linear for amgles of attack up to about 10° in
magnitude and for control deflections up to about 8° in magnitude. The actual limits will depend on
individual control geometry, particularly in respect of control deflection, as some non-linearity can be
expected to occur as the horn unports.
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The ranges of parameters examined in the preparation of tharégmen in Table3.2. All the data were

for controls with unswept or moderately swept hinge libgs80° ) . The horn planforms were all similar
to that shown in Sketch.], the inboard and outboard edges of the horn being parallel to the root chord of
the main surface and its iag edge lying along a constant percentage chord line.

TABLE 3.2 Ranges of Experimental Data for Shielded Horns

Parameter Range Parameter Range
(t/c)y, 0.05t0 0.15 A, 0.6t0 3.6
L 6° to 16° B 0.008 to 0.20
[(t/c),—tanet,] | —0.006 to 0.025 R 0.6 x10to2.3x 18
SWAH 0.07 to 0.24 Xh 0.48 t0 0.86
Ab,, Prediction Ab,, Prediction
05 0-5
/ / x Elliptical nose (b} / {b)gy > 035
+0-025 ooz / + Roundnose  (b,l*/(b,)g; > 0-45

04 049

~0-025 ~0-025 ® @ Low Reynolds number

/ {by)g/ (b, )gy <¥ 035

0-3 03 Wl (b, )3/(b, )5 << 0-45
/ i

+,

®

02

D74 W

ab,, Experiment Ab, Experiment

Sketch 3.2 Comparison of predicted and experimental values for shielded horns
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ESDU ltems

9. ESDU

10. ESDU

EXAMPLES

Example |

Calculate the effect on the rates of change of hinge-moment coefficient due to the unshielded horn balance

High speed aerodynamic characteristics of horn and overhang balances
on a full-scale elevator. NACA RM A7H29 (TIL 1563), 1948.

Wind-tunnel investigation effects of various aedynamic balance
shapes and sweepback on control surface characteristics of semi span
tail surfaces with NACA 0009, 0015, 66—009 66(215)-014, and circular
arc airfoil sections. NACA tech. Note 2495, 1949.

Unpublished wind-tunnel data.
Unpublished wind-tunnel data.

Unpublished wind-tunnel data.

Rate of change of hinge-moment coefficient with incidence for a plain
control in incompressible two-dimensional flow,),. Item No. Aero
C.04.01.01. ESDU International, London, 1956.

Rate of change of hinge-momengfticient with control deflection for
a plain control in incompressible two-dimensional flot)§ . Item
No. Aero C.04.01.02. ESDU International London, 1956.

fitted to the rudder shown in SketbHL

It can be assumed that at the

horn mid-span the fin has section proftécjies 0.10 T, =ahd.0°

43

lI'B

2
Sf= 65-0ft

cf= 3-61ft

KR N
iy

09 056
18-0

All dimensions in feet
|

r 1

Sketch 5.1 Fin and rudder geometry
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From Sketclb.1the mean chord of the hornﬁﬁ = 4.3ft

The aspect ratio of the horn is
Ay = 5/ch=1.8/4.3=0.419

and it causes an increase in balance

From Figurela, fors,/ss= 1.8/18.0 = 0.1,
Ab, /A BF; = 1.45,

and from Figure2b
Ab, /A BF,NK = 1.08.

From Figure3, for (t/c), = 0.10,
F,=3.74 and~, = 2.86.

For an unshielded homd = 1, and ag(t/c),,—tan%st, ] = 0.10— 0.096= 0.004 lies between — 0.01 and
0.04, Figures givesK = 1.

Therefore

Ab;,, = 1.45x 0.41% 0.138 3.74 0.315rad_1,

and Ab,, =1.08x 0.41% 0.138 2.86 10 1.102)0.180r€:1d_1

5.2 Example Il

Calculate the effect on the rates of change of hinge-moment coefficient with incidence and control deflection
due to the shielded horn balance fitted the rudder shown in Sk@tch can be assumed that the horn has

an elliptical nose and the fin has mean section propéifieg, = 0.10 TipAdll.0° at the mid-span of
the horn. Examine the effect of rounding the horn nose.
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Sketch 5.2 Fin and rudder geometry

A preliminary check on applicability (see Secti®1?) confirms that{(t/c),—tan%t,] =0.10-0.096 =
0.004 lies satisfactorily between —0.01 and 0.04.

From Sketctb.2the aspect ratio of the horn is
Ay = sh/éh =3.3/2.7=1.22
It causes an increase in balance

1-0——
O %h

_ [Sh%__h[T Ay, %T
O

has a leading-edge position
Xy = 5.1/6.9 = 0.74,
and a span ratio
Sy/s = 3.3/18.0 = 0.183.
Using the last two results, Figuréls and2b give, respectively,

Abyp

—1
= 0.285rad
AhBF1
Ab
2h 1
d ——— = 0. d .
an AhBFZNK 0.455a



88003

With (t/c),, = 0.10, Figure3 givesF; = 3.74 and~, = 2.86,
and, since the horn has an elliptical ndse, 1.0.

As —0.01<[(t/c),,—tan %1,]<0.04 K=1.

Therefore

Ab,,, =0.285 x 1.22 x 0.096 x 3.74
=0.125 rad?!,

and

Ab,,, =0.455 x 1.22 x 0.096 x 2.86 x 1.0 x 1.0
=0.152 rad!.

for a round-nosed horn witly, = 0.74, Figurel givesN = 1.49.

In that case Ab,,, =0.455 x 1.22 x 0.098 x 2.86 x 1.49 x 1.0
=0.227 rad?,

an increase of 0.075 rakiin the increment due to the horn.

10
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FIGURE 1 HINGE MOMENT COEFFICIENT DERIVATIVE DUE TO ANGLE OF ATTACK
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FIGURE 2 HINGE MOMENT COEFFICIENT DERIVATIVE DUE TO CONTROL DEFLECTION
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FIGURE 5 SECTION SHAPE CORRECTION FACTOR
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