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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item which supersedes ESDU 87032 and ESDU Aero C.04.01.07, was monitored

and guided by the Aerodynamics Committee. This Committee first met in 1942 and now has the following
membership:

Chairman
Mr H.C. Garner — Independent

Vice-Chairman
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Mr P.K. Jones — British Aerospace plc, Civil Aircraft Div., Woodford
Members
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Mr E.A. Boyd — Cranfield Institute of Technology

Mr K. Burgin — Southampton University

Mr W.S. Chen” — Northrop Corporation, Hawthorne, Calif., USA

Dr T.J. Cummings — Short Brothers plc

Mr J.R.J. Dovey — Independent

Mr L. Elmeland” — Saab-Scania, Linkdping, Sweden

Dr J.W. Flower — Bristol University

Mr P.G.C. Herring — Sowerby Research Centre, Bristol

Mr R. Jordan — Aircraft Research Association

Mr J.R.C. Pedersen — Independent

Mr N. Roberts — Rolls-Royce plc, Derby

Mr R. Sanderson — Messerschmitt-Bélkow-Blohm GmbH, Hamburg, W. Germany
Mr A.E. Sewell” — McDonnell Douglas, Long Beach, Calif., USA

Mr M.R. Smith — British Aerospace plc, Military Aircraft Div., Weybridge
Miss J. Willaume — Aérospatiale, Toulouse, France.

Corresponding Member

The technical work involved in the assessment of the available information and the construction and subsequent
development of the Data Item was undertaken by

Mr R.W. Gilbey — Senior Engineer.

The person with overall responsibility for the work in this subject area is Mr P.D. Chappell, Head of Aircraft
Aerodynamics Group.
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EFFECT OF UNSHIELDED AND SHIELDED HORN BALANCES ON HINGE
MOMENT COEFFICIENTSFOR CONTROLSAT LOW SPEEDS
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EFFECT OF UNSHIELDED AND SHIELDED HORN BALANCES ON HINGE
MOMENT COEFFICIENTSFOR CONTROLSAT LOW SPEEDS

1. NOTATION AND UNITS (see Sketch 1.1)
A aspect ratio of horn, Sy,/Cp,
B increase in balance due to horn (see Sketch 1.1)
. b, rate of change of hinge-moment coefficient with angle of
= attack
ol
s b, rate of change of hinge-moment coefficient with control
8 deflection
g
It Ab,, increment in b, due to horn balance
>
§ Ab,, increment in b, due to horn balance
c
(O]
:t; (bl)o*/(bl)OT* ratio of viscid to inviscid flow valuesof b, intwo
5 dimensions for aerofoil with (t/c),, = tan Yzt (from Item
0 No. Aero C.04.01.01)
.f_é (bz)o*/(bz)OT* ratio of viscid to inviscid flow values of b, intwo
g dimensions for agrofoil with (t/c),, = tan Yzt (from Item
e No. Aero C.04.01.02)
o Cy hinge-moment coefficient, H/%pV2S €,
>
Q.
S (©p wing chord at mid-span of horn
o)
g (cb)h chord of basic control (without horn) forward of hingeline
at mid-span of horn (see Sketch 1.1)
Cs mean chord of control aft of hinge line
Ch chord of horn forward of hinge line at mid-span of horn
Fi F) section thickness factors
H hinge moment, positive nose up
N nose shape correction factor
K correlating function depending on (t/c),,—tan%zt,,
R Reynolds number based on wing mean chord
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S area of control aft of hingeline m?
S span of control m
S, span of horn m
t maximum section thickness m
(t/o)y, thickness to chord ratio of wing at mid-span of horn
\% free-stream vel ocity m/s
Xy distance of horn leading edge ahead of trailing edge at
mid-span of horn, as fraction of local wing chord
D density of air kg/m®
T trailing-edge angle at mid-span of horn deg
©)
X2
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2. METHOD

Hinge line

Sketch 1.1
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This Item gives a semi-empirical method for predicting the increments in the rates of change of
hinge-moment coefficient with angle of attack and control deflection, Ablh and Ab2h , for horn balances
fitted to the tips of unswept or moderately swept controls at low speeds. Theincrementsare giveninterms
of the parameters Ab, /A, BF,; and Ab,, /A, BF,NK which are presented in Figures 1 and 2, respectively,
as functions of the horn |eading-edge position x,, and span ratio s, /s; . The section thickness factors F,
and F, aregivenin Figure 3 as functions of (t/c),,. The function N isgivenin Figure 4 as a function of
Xy, and provides acorrection for the different effects on Ab,,,, of round-nosed and elliptically-nosed horns.
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Thefunction K isgiveninFigure5andallowsfor theeffect of section shapeon Ab,,, through the parameter
[(t/c),,—tanYery,]. Thefunction K was determined primarily for application to unshielded horns, and for
shielded horns the range of [(t/c),,—tan%zt, ] for which K = 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 horns as x,;, approaches 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 deductionsfrom that analysis were then used in the
construction of the method for shielded horns. This process is described in Section 2.1.

21 Development of Method
211 Unshielded horns

The method for unshielded horns has been developed by following Derivation 1 where the analysis of the
hinge-moment data available when that report was published allowed Ab,, /A, B and Ab, /A,B to be
correlated linearly against (t/c),,, the mean thicknessto chord ratio of the wing over the span of the horn.
Examination of information from Derivations 3, 5 and 6 that has become available since publication of
Derivation 1 has now enabled different linear trends with (t/c),, to be established for Ab,,, and Ab,,,, but
in the latter case with correction for trailing-edge angle. Thus Figures 1a and 2a give Ab,,/A,BF; and
Ab, /A,B F,NK where the functions F,; and F, are taken from Figure 3. These provide a better
prediction for current control geometries. Almost al of the data studied were in the range
0.09<(t/c),,<0.15, but alinear extrapolation has been madeto (t/c),, = 0.05, where asingle data point
from Derivation 2 suggests that this is adequate.

In addition, empirical variations with the span ratio sh/sf , & shown in Figures 1la and 2a, have been
determined to allow for the relatively larger effectiveness of horns with span ratio smaller than those
considered in Derivation 2. These were established by looking at systematic tests in which a number of
horns of different spans were tested with (t/c), a constant.

The factor N is given in Figure 4 as a function of nose shape and is unity for unshielded horns, but is
included in the ordinate of Figure 2ato give a consistent presentation with the data for shielded horns.

Most of the data examined were for section shapes for which —0.01<[(t/c),~tan %t,,]<0.04. However,
aset of testsreported in Derivation 5 on three pairs of models that wereidentical apart from large changes
in control trailing-edge angle suggested that outside this range there was a pronounced variation in Ab,,,
but not in Ab,,,. The factor K in Figure 5 has been derived from those data, the part of the curve
demonstrating the observed behaviour in Ab,,, . Because the shape of the curve has been deduced from a
small number of dataover alimited range of Reynolds number it must betaken asbeing indicative of trends
rather than a precise correlation.
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2.1.2 Shielded horns

The method for shielded horns has been developed similarly from the technique of Derivation 1. Again
the parameters Ab, /A BF; and Ab, /A BF,N are associated with F, and F,, the same empirically
determined functions of (t/c),,, that were established for unshielded horns. The experimental data in
Derivations 2 and 4 to 8 allow the parameters to be correlated in Figures 1b and 2b in terms of s, /s; and
X, - They show anincreasein magnitude with decreasing s,/s; thatissimilar inform but somewhat faster
than that for unshielded horns; their variation with Xp adlows a smooth transition into the values for
unshielded horns corresponding to x,, = 1. Regions of the carpets that have been interpolated by using
the predictions for unshielded horns are shown dashed.
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