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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 was monitored and guided by the Aerodynamics Committee. This
Committee first met in 1942 and now has the following membership:
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Mr. H.C. Garner — Independent

Vice-Chairman
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Dr T.J. Cummings — Short Brothers plc

Mr J.R.J. Dovey — Independent

Mr S.P. Fiddes — University of Bristol

Dr K.P. Garry — Cranfield Institute of Technology

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

Mr R. Jordan — Aircraft Research Association

Mr K. Karling” — Saab-Scania, Linkdping, Sweden

Mr R. Sanderson — Deutsche Airbus GmbH, Bremen, Germany

Mr A.E. Sewell’ — McDonnell Douglas, Long Beach, Calif., USA

Mr M.R. Smith — British Aerospace Airbus Ltd, Bristol

Miss J. Willaume — Aérospatiale, Toulouse, France.

Corresponding Member

The technical work in the assessment of the available information and the construction and subsequent development
of the Data Item was carried out 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 the Aircraft
Aerodynamics Group.
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YAWING MOMENT COEFFICIENT FOR PLAIN AILERONS AT SUBSONIC SPEEDS

1. NOTATION AND UNITS (see Sketch 1.1)
S British
A aspect ratio
b wing span m ft
C. lift coefficient of wing and flap system with ailerons
. undeflected, L/%pV2S
o)
- AC ¢ component of lift coefficient due to deployment of
- trailing-edge flaps
(S)
©
‘g C, rolling moment coefficient due to ailerons, !ﬂ/l/szZSb
(S)
§ C, yawing moment coefficient dueto ailerons, /ﬁ'll/szZSb
©
*QC'J’ Chi contribution to C, due to changes in induced drag
3 Cnp contribution to C, due to changes in profile drag
(@]
i clc ratio of aileron chord aft of hinge lineto local wing chord at
8 mid-span of aileron
(O]
g F(n) f_unction defining C,; for aileronsthat extend from n to wing
= tip
.90
s G function in calculation of C; see Equation (2.3) and Figure 1
Q.
(@]
2 H function in calculation of C,; see Equation (2.3) and Figure2  deg™ deg™
&)
o J; empirical factor for converting AC, ; into effective twist angle
incalculation of C; see Equation (2.3). Taken as 18.0 degrees
degree degree
Js empirical factor applied to 8, in calculation of C; see
Equation (2.3). Taken as 1.4
L lift N | bf
7 rolling moment, positive starboard wing down Nm Ibf ft
Ly rolling moment derivative with respect to & ,0C,/9&' for ragt rad*
ailerons that extend from n to wing tip
M Mach number
A yawing moment, positive noseto starboard Nm Ibf ft
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wing planform area
wing semispan
free-stream velocity
. 2%
compressibility parameter (1 —M")

angle between chord line of aerofoil section and line joining
mid-thickness point at hinge lineto trailing edge of undeflected
aileron, measured at mid-span of aileron in plane normal to
hinge line

geometric twist angle of wing tip relativeto root chord, positive
leading-edge up

spanwise distance from wing centre-line as fraction of
semispan

valueof n at inboard limit of aileron at hinge line

value of n at outboard limit of aileron at hinge line

(n; +ny)/2
wing taper, ratio of tip chord to centre-line chord

sweepback of wing quarter-chord line

sweepback of wing half-chord line (needed in calculation of
L £ )
sweepback of control hinge line

part-span factor in calculation of C_ , see Figure 3

np’
vauesof u a n; and n,, respectively
aileron deflection angle measured in plane normal to hingeline,
arithmetic mean of deflection angles of port and starboard

ailerons, positive for starboard aileron down and port aileron
up, 1/2(&'IO +&')/57.3

deflection of port aileron measured from chord line in plane
normal to hinge line, positive trailing-edge up

deflection of starboard aileron, measured from chord linein
plane normal to hinge line, positive trailing-edge down

free-stream density of air

2
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m? ft?
m ft
m/s ft/s
degree degree
degree degree
degree degree
degree degree
degree degree
radian radian
degree degree
degree degree
kgm® slug/ft®
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Mid-thickness point

“— Plane of hinge-line
normal to section chdr

Part section on AA’

Sketch 1.1 Wing and aileron geometry

2. METHOD"

This Item presents a semi-empirical method for predicting the yawing moment coefficient C,, dueto the
operation of plain sealed ailerons at subsonic free-stream Mach numbers when the flow over the wing is
wholly subsonic. The coefficient is treated as the sum of two components, C,; and C, .. Thefirstisdueto
the asymmetric changes in induced drag caused by aileron deflection, and the second is due to imbalance
of the profile drag on the port and starboard wings. Thusthetotal C, is

ESDU Copyright material. For current status contact ESDU.

C, = Cpi+Cpp. 2.1

21 Induced Drag Contribution

Theoretical considerations of the interaction of the symmetric wing loading due to angle of attack and the
antisymmetric loading due to equally deflected ailerons (e.g. see Derivations 5 and 6), show that for aplane
wing C,.; is proportional to the product of the wing lift coefficient C, and the aileron rolling moment
coefficient C, (= L,.£'") . Derivation 6 goes on to show that if the ailerons are deflected unequally, so that
€' ,>¢&' say, then tﬁe appropriate symmetrical loading isfor the wing with both aileronsraised by an angle
1/2F§‘p—§'s] . Thechangein C;; depends on the consequent reduction in lift and is obtained theoretically
as a contribution that is proportional to C, , %[&'p—ﬁ's] , and 1/A to a very good approximation. Other

*

A FORTRAN computer program is available for the method of this Item and that of N0.88013 as ESDUpac A8840, see Item No. 88040
for details.
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terms are necessary to account for any geometric twist of the wing and any deployment of trailing-edge
flaps inboard of the ailerons. These considerations enable C; for ailerons extending from n; to n, be
expressed in the following form, which has been found to provide an excellent qualitative model,

Cni = FMp—Fny), (2.2)

where F(n) = —GC L&'+ %(%[g'p—g's] cos Ap—Jg8,+J AC Le/&. 2.3)

For the particular case of aileronsthat extend to thewing tip, n, = 1, F(1) = 0 andso C;; = F(n;) .

The function G has been determined empirically from wind-tunnel data (Derivations 7 to 30) for the rate
of change of Cni/(—La,ﬁ’) with C, , the lift coefficient of the wing and flap system with ailerons
undeflected. Figures 13, 1b and 1c present G plotted against 1/pA and n for A = 1.0, 0.5 and 0.2,
respectively; across plot against A must be made to obtain G at intermediate values of A . The carpets are
comparable in form to the low-speed theoretical results of Derivations 5 and 6, but their empirical nature
results in some modest adjustments. In particular there is asomewhat faster decrease in G with decreasing
A for wings of moderate or high aspect ratio. An alowance for compressibility effects has been made by
the introduction of the reduced aspect ratio, BA in place of A.

Therolling moment derivative L., for aileronsthat extend from n to the wing tip can be calculated by the
method of Item No. 88013 (Derivation 4) or experimental values may be substituted if they are available.
Note that L.., is defined per radian and that & is correspondingly in radians. The other angles in
Equation (2.%) arein degrees.

The theoretical function H is given in Figure 2 in terms of A and m, and has been reproduced from
Derivation 6. The angle %[&’ —E’ ] cos A,, allows for unequal (differential) operation of the ailerons
measured in a streamwise plane. The influence of geometric twist is taken as the product of an empirical
factor Jg and the refative tip to root twist ;. The effect of flap deployment is modelled as an effective
twist equal to the product of an empirically determined factor J; and the component of the lift coefficient
duetotheflaps AC, ;. Comparisonswith experimental data (Derivations 22 to 30) showed that no empirical
modification of the function H was necessary and that for a sufficient accuracy of prediction Jg could be
taken as 1.4 and J; as 18.0 degrees. General values of J5 and J; have been left in Equation (2.3) asan aid
to modelling experimental data. The terms that involve H are influenced by compressibility effects only
through any changesin Le, and AC ;.
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The component of C,; that depends on C| actsin an adverse manner in that it opposes the direction of
the turn expected to accompany the roll produced by the ailerons. For a given aileron rolling moment the
remaining terms give constant incrementsin the opposite sense if the ailerons are trailing-edge up relative
to theinboard part of thewing. Thus at constant C, agreater deflection of the up-going aileron, root-to-tip
washout, or flap deployment all provide favourable contributions that will reduce and may overcome the
adverse yawing moment. Conversely, if the ailerons are trailing-edge down the adverse yawing moment
will increase.

2.2 Profile Drag Contribution

Theprofiledrag contribution C,  isestimated by using the method givenin Item No. 87024 (Derivation 3)
for estimating the drag coefficient increment due to full-span plain flaps at constant lift, together with a
part-span factor from Item No. Aero F.02.01.07 (Derivation 1) to allow for the limited extent of theailerons,
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