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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 was monitored and guided by the Aerodynamics Committee. This Committee
first met in 1942 and at the time of the first issue of the Data Item had the following membership:
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ESDU 85010

ESTIMATION OF SIDEFORCE, YAWING MOMENT AND ROLLING MOMENT
DERIVATIVESDUETORATEOFROLL FORCOMPLETEAIRCRAFT AT SUBSONIC
SPEEDS

NOTATION AND UNITS (see Sketch 1.1)

The derivative notation used is that proposed in ARC R&M 3562 (Hopkin, 1970) and described in
ESDU 86021. Coefficients and aero-normalised derivatives are evaluated in aerodynamic-body axes with
origin at the aircraft centre of gravity and with the wing span as the characteristic length. The derivatives
Yp, Np and LID are often written as CYp, Cnp and CIp in other systems of notation, but attention must be
paid to the reference dimensions used. In particular, in forming CYp, CnIO and CIp differentiation of Cy»
C,, and C; may be carried out with respect to pb/2V not pb/V asimplied in the Hopkin system. It is
also to be noted that a constant datum value of V is employed by Hopkin.

This Item makes use of severa other Items which have been produced at different times over a period of
many years. Although the nomenclature in these Items is consistent for the important parameters such as
stability derivatives, it involves some variation for the less significant parameters. Because of this, and to
avoid repetition, the Notation given hereislimited to the major quantities appearing in the main text of this
Item and to quantities not appearing in other Items. When referred to the method in another Item the user
should consult the Notation at the front of that particular Item before carrying out any calculations.

S British

A aspect ratio
a, lift-curve slope radt rad !
(al)cL _, Vaueofa acC =0 radt rad—t
b wing span m ft
Cp drag coefficient, D/Y2pV2S
Ch viscous drag coefficient, Cp — CZ/TA
C, lift coefficient, L/Y2pV2S
AC ; lift coefficient increment due to flap deployment
C, rolling moment coefficient, % /%pV2Sb
C, yawing moment coefficient, .4 /%pV2Sb
Cy sideforce coefficient, Y/¥%pV2S
D drag N | bf
L lift N | bf
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z rolling moment N m Ibf ft

L rolling moment derivative due to rate of roll,
L, = (CRALINEZNE &

ESDU Copyright material. For current status contact ESDU.

M Mach number
N yawing moment Nm Ibf ft
Np yawing moment derivative due to rate of roll,

Np = (0.419p)/¥2pV'Sh?

rate of roll rad/s rad/s
S wing planform (reference) area m? ft?
S wing semi-span m ft
\Y, velocity of aircraft relative to air m/s ft/s
\% sidedlip velocity m/s ft/s
Y sideforce N | bf
YIO sideforce derivative due to rate of roll,

Yy = (9Y/op)/epVSb
o angle of attack degree degree
B angle of sidedlip degree degree

| Y wing dihedral angle degree degree
| K parameter, B(ayg),, /2n

Ag wing leading-edge sweep angle degree degree
Ay, wing quarter-chord sweep angle degree degree
Ay, wing half-chord sweep angle degree degree
A ratio of wing tip chord to wing centre-line chord
p density of air kg/m3 slug/ft3

Additional symbols

(g denotes component due to fin
@r denotes component due to trailing-edge flap deployment at
constant C
(m denotes parameter at Mach number M
Ot denotes component due to tailplane
This page Amendment A Documents
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Ow denotes component due to wing planform
Or denotes component due to wing dihedral
(e denotes component due to wing twist

& Moment reference centre

Longitudinal
body axis*

e

P, %

ESDU Copyright material. For current status contact ESDU.

V cos

Sketch 1.1 Sign conventions

Thelongitudinal body axisis areference axis fixed in the body in the plane of symmetry. The exact direction of the axisin that
plane is conventionally determined by considerations of mid-body geometry.
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2. INTRODUCTION

An aircraft’s sideforce, yawing moment and rolling moment derivativesduetorateof roll, Y., N, and L
are normally estimated by calculating the individual contributions of the major components of the aircraft
and adding together the part derivatives so obtained. For aircraft at subsonic speeds, separate Items on the
various part derivatives have been issued over anumber of years. ThisItem demonstrates how the methods
in those separate Items may be combined and illustrates the overall accuracy of prediction by comparing
estimated values with wind-tunnel and flight-test data for complete configurations.

Table 2.1 lists the major components of Yp, Np and Lp and the Items from which they may be
estimated. Thetotal values of the derivatives are obtained by eval uating each component at the same angle
of attack and summing the results.

For YIO the dihedra contribution is important at low o and C, , because the wing planform and fin
contributions are then small and the magnitude of (Yp)r is large and sufficient to determine the sign of
Yp .Aso and C, increasethedihedral contribution remains constant but the planformand fin contributions
become increasingly important.

The derivative N is determined mainly by the wing planform and fin contributions. The dihedral
contribution is very small, and is insignificant except at low o and C, when the planform and fin
contributions are also small.

In genera Lp is completely dominated by the wing planform contribution and for a rapid estimate it
is sufficient only to calculate (Lp)w.

Comparisons between experimental and predicted values of the rate of roll derivatives are discussed in
Section 3. The Derivation is given in Section 4. Section 5 contains a detailed worked example that
demonstrates the calculation of the component parts of the derivatives for a particular aircraft and their
subsequent combination. The chosen aircraft is that used to demonstrate the calculation of lateral stability
derivativesdueto sidedlip in ESDU 81032 (Derivation 37) and 82011 (Derivation 38) and those dueto rate
of yaw in ESDU 84002 (Derivation 40).

In Section 5 a separate subsection is devoted to the estimation of each major component. Because each
subsection contains information and guidance that is additional to that contained in the basic Items listed
in Table 2.1, it is useful to refer to the appropriate one when using those Items. In particular a correction
for (Lp)W athigh C, isgivenin Section 5.3.2.

ESDU Copyright material. For current status contact ESDU.

Details of acomputer program for the present method, ESDUpac A8510, are given in Appendix A.

TABLE 2.1
Component Dueto Calculated from Item No.
| (Yp)y,» (Np)y, Wing planform 8101436
Ly, Wing planform Aero A.06.01.01%!
| (Yp)r , (ND)F , (Lp)r Wing dihedral 85006%%
| (Yol (Ng)E, Fi_r|1 ?nd 83006°
(Lpg. (Lpy tailplane
ESDU Aero A.06.01.00%? and Aero A.07.01.00%° give brief introductions to the various components
of the yawing and rolling moment stability derivatives.
(Derivation numbers are given asindices.)
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3. COMPARISONSWITH EXPERIMENT

The wind-tunnel and flight-test data in Derivations 1 to 25 have been used to assess the accuracy of
prediction of the derivatives Yp, Np and Lp. Data have been studied for awide variety of aircraft types
representing civil transport aircraft, high performance combat aircraft and light and general aviation aircraft,
together with results for a number of simpler wind-tunnel models of the type employed to study the effect
of systematic variations of geometric parameters. Those data have been taken mostly from low-speed tests
of clean-wing configurations with no high-lift devices deployed. Analysis of experimental data for other
conditions includes a limited number of results from tests at high subsonic Mach numbers (M =0.8) and
afew datafrom low-speed tests on configurations with leading-edge slats or trailing-edge flaps deployed.

The wind-tunnel data come from two different types of tests. In one, the model iseither rolled at a constant
rate or is placed in a steady rolling flow, and in the other it is oscillated in roll. The oscillatory system
providesalessdirect and thereforeless precise measurement of theroll rate derivatives. Theflight-test data
come from tests in which the dynamic response of an aircraft to various control inputsis measured, and the
complete set of aerodynamic stability derivatives consistent with that response is deduced. The accuracy
with which the various derivatives can beidentified by this process depends on the sensitivity of the aircraft
to each derivative. Satisfactory estimates are usually possible for the derivatives Np and Lp , but the
response of the aircraft is so insensitive to Yp that it isusually omitted from the analysis.

31 Accuracy of Prediction at Low oo and C

Comparisons with experimental data have revealed that at low o and C.. as shown in Sketch 3.1, Yp is
estimated to within about +0.06, Np to within about +0.016 and LID towithin about +10 per cent. These
figures are consistent with the accuracies associated with individual 1tems. As expected the best agreement
isachieved with datafrom rolling model or rolling flow tests. The flight test data show rather more scatter,
but the data from tests with oscillatory rigs are subject to the most scatter.

When considering the overall accuracy it isuseful to consider Sketches 3.2ato 3.2d that show the predicted
component contributions and total values for four different aircraft at cruise conditions.

For the sideforce derivative it can be seen that for the unswept-wing configurations in Sketches 3.2a and

3.2b the dihedral contributions dominate and give negative values of Yp . The aircraft with swept wingsin
Sketches 3.2c and 3.2d have more important wing planform contributions that oppose any dihedral :
contributions and lead to positive values of Y, . Because the planform and dihedral contributions act in 55
opposite senses any errorsin the prediction of either can represent a substantial fraction of the total value.

ESDU Copyright material. For current status contact ESDU.

For the yawing moment derivative Sketches 3.2ato 3.2d show that N iscomprised of small contributions
from the wing planform and dihedral and from the fin. The fin contribution (NP)F isparticularly difficult
to estimate reliably because it is strongly influenced by the wing and body sidewash (see ESDU 83006).
Thus the uncertainty in N, can often be of the same order asits overall magnitude (see Sketch 3.1b).

Thesituationismuch simpler for therolling moment derivative. In this case thewing planform contribution
is completely dominant and the small percentage error in the prediction of Lp corresponds to the basic
accuracy associated with the component (Lp)w.

In wholly subsonic flow the effect of Mach number on the rate of roll derivativesis small and predictable,
asillustrated in Sketch 3.3.
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Sketch 3.1 Comparison of predicted valuesat low o and C
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Sketch 3.2 Illustration of component break-down for cruise conditions
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Sketch 3.3 Illustration of variation of derivativeswith Mach number
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3.2 Variationswith oo and CL
3.21 General

The accuracy of the prediction of the variation of the rate of roll derivatives with oo and C, cannot be
readily quantified and is best illustrated through some typical examples.

It should be remembered that much of the characteristic behaviour of the experimental values of the wing
planform contributionsto Yp and Np is determined by the progressive breakdown of the leading-edge and
tip suction forces following the onset of flow separation. Section 3 of ESDU 81014 describes the role of
those edgeforceswith regardtotheroll ratederivatives. In brief, the effect isthat (Yp)w and (Np)w increase
in magnitude with o until flow separation begins, at which point there is a rapid reduction in the edge
forces and hence in the magnitudes of (Yp)W and (Np)w. Eventually (Np)W, which isinitially negative,
changes sign and approachesthe value —( Lp)Wtanoc that correspondsto a compl ete absence of edgeforces.
In ESDU 81014 a method is given for modelling the non-linear behaviour of (Np),, - This uses the
experimental value of the rate of change with angle of attack of the viscous drag coefficient of the wing,
i.e. dCJ /do. where CJ) = Cpy — CE ITA, as aparameter for correlating the flow separation effects. No
attempt is made to model the non-linear behaviour of (Yp)w, which can be expected to fall to zero asthe
edge forces disappear.

With regard to Lp , the experimental value is almost entirely determined by the wing contribution, and can
therefore be expected to remain almost constant with o until flow separation effects influence (Lp)w.
Usually thereisalargefall in the magnitude of (Lp)w at high o closetothe stall. ESDU Aero A.06.01.01
only provides predictions for attached flow, but in Section 5.3.2 a method for modifying the prediction to
allow for flow separation is discussed.

3.22 Examplel

Sketch 3.4 compares the total predicted and experimental values of Yp, Np and LID for amodel tested in
rolling flow, and Sketch 3.5 demonstrates how the total predicted values break down into wing planform
and fin contributions.

In Sketch 3.4ait can be seen that the experimental variation of YIO with oo ismodelled quitewell for o< 4°.
Abovethat thereis poor agreement because no attempt ismadeto predict the non-linear variation of the wing
planform contribution. Sketch 3.5a shows that (Yp)w providesthe major contribution to Yp with asmaller
contribution of the same sign coming from (YD)F .

ESDU Copyright material. For current status contact ESDU.

For Np , Sketch 3.4b shows that afairly uniform discrepancy is maintained between the experimental and
predicted values for o> 2°. The agreement gets only slightly worse as o increases. The values of N
become increasingly negative until o~ 4°, when the decay of edge forces begins. This causesafall inthe
magnitude of the wing planform contributions which is mirrored by the decrease in the magnitude of N,
until o= 8°, after which N, again assumesincreasing negative values due to the growing influence of the
fin contribution. Sketch 3.5b illustrates this interplay for the predicted values. Although (Np)w changes
sign and takes positivevaluesfrom o = 7° , the steadily increasing negative contribution (ND)F issufficient
to overcome this and determine the ultimate variation of Np .

For L, Sketch 3.4c shows that there is an early fluctuation in the experimental value for 5° <o <10°.
Thisispresumably dueto local flow separations. Apart from thisthe general accuracy of predictionisgood
upto o= 16°, after which the predicted and experimental valuesdivergerapidly asthe stall is approached.
Sketch 3.5¢ shows that the predicted value of LID is amost entirely determined by (Lp)W, but the tiny
contribution ( Lp)F adds shape to the curve.
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Sketch 3.4 Comparison of predicted and experimental variationswith o
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323 Example2

In Sketch 3.6 the stability derivatives are plotted against C, for aconfiguration tested in rolling flow both
with a clean wing and in the landing configuration with wing leading-edge dlats, trailing-edge flaps and
undercarriage deployed. The clean-wing data show many of the same trends asthe datain Sketch 3.4. Both
the Yp and Np experimental curvesincreasefairly linearly at low C, and lie closeto the predicted values.
However, at C; =0.3 both curves break and fall in magnitude. After that no serious attempt is made to
predict YIO . A prediction of Np has been attempted but, because there are no experimental data on the drag
of the wing, only a rough estimate of dC;/do. could be made. Too low an estimate of dCj/da. has
resulted in an insufficient reduction in the predicted value of N, for 0.35<C| <0.7. This highlights the
difficulty of predicting the non-linear part of (Np)w in the absence of experimental data on lift and drag.
For LIO there is again good agreement until the experimental value declinesrapidly at high C, .

Theexperimental effect of deploying high-lift devicesistodelay toahigher C, theonset of flow separation
and therefore to extend the range over which the stability derivatives show nearly linear variations. In
Sketch 3.6 it can be seen that predicted values of YIO are of the correct trend, those for Np are good and
those for Lp remain reasonable.
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324 Example3

In Sketch 3.7 predicted values are compared with flight-test data. The results suggest that Np and Lp are
predicted quitewell for wingswith low and moderate sweep, but lesswell for highly swept wings. In general
the agreement is very good at low o.. The estimate of Np at higher oo would be improved if alowance
were to be made for the decay of wing edge forces. Anincrease in wing sweep reduces the angle of attack
at which that decay startsand N, becomes non-linear. Theincreasein the magnitude of L apparentinthe
flight-test data for Ay = 58° and a>6° is associated with the incremental non-linear lift due to the

formation of |leading-edge vortices.
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5. EXAMPLE

This section provides a worked example to show how Yp, Np, and Lp are calculated for the aircraft
dimensioned as shown in Sketch 5.1 together with the additional geometric information in Table 5.1. Both
inner and outer flaps are of the single-slotted type. The longitudinal body axis is taken parallel to the
mid-body centre-line and passes through the aircraft moment reference centre. Angles of attack, o, are
expressed in terms of this axis.

Calculations are performed for two flight conditions:

(i) acruise condition with o = 0, M = 0.78 and Reynolds number/metre = 7.5 x 106,
and (ii) alanding conditionwith oo = 6°, M = 0.20 and Reynolds number/metre = 4.5 x 108,

Where appropriate the components of Yp, Np, and Lp are also expressed as functions of o or C, . The
variations of the total values areillustrated by sketchesin Section 5.7.

Note that for the aircraft used in this example ESDU 81032 and 82011 describe the estimation of |ateral
stability derivatives dueto sideslip and ESDU 84002 those due to rate of yaw.

TABLE 5.1 Additional Geometric Parametersfor Aircraft in Sketch 5.1

ESDU Copyright material. For current status contact ESDU.

WING
Angle between wing zero-lift line and longitudinal body axis | 3°
Average section trailing-edge angle 10°
Average section thickness-to-chord ratio 0.10
Trailing-edge inboard sweep angle 0.965°
Trailing-edge outboard sweep angle 18.34°
FLAPS (single slotted) At section FF' At section GG'
Flap-chord to wing-chord ratio 0.250 0.250
Flap-chord to extended-wing-chord ratio 0.238 0.227
Extended-wing-chord to wing-chord ratio 1.05 1.10
Flap deflection angle 45° 40°
BODY
Maximum cross-sectional area 28.3 m?
Area of side elevation 224 m?
FIN
Side area between tip and root chords 37.8m?
Note (i) Thewing and flap section parameters are taken in planes parallel to the aircraft plane of
symmetry.
(ii) Boundary-layer transition is assumed to occur at the leading edge of the wing.

This page Amendment A Documents
19 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 85010 A 2014


http://www.avadocuments.com/doc/esdu-85010-a-2014
http://www.avadocuments.com/doc/esdu-85010-a-2014

ESDU 85010

Wing and tailplane mid-semispan section properties
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Sketch 5.1 Aircraft geometry
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51 Calculation of Wing Planform Parameters

See ESDU 76003 for Notation

Before commencing the estimation of Yp, Np and Lp it is usually necessary to calculate a number of
geometric parameters for the wing planform that are not immediately available from Sketch 5.1 or
Table 5.1. Thisis because the Items dealing with the wing are only directly applicable to straight-tapered
wings. Therefore, unlessthe aircraft hasthistype of wing, for which the planform parameters can bereadily
obtained from a scale diagram, a straight-tapered wing equivalent to the true wing has to be constructed by
the method in the Addendum to ESDU 76003 (Derivation 35). That Item represents a cranked wing by a
straight-tapered wing that has the same span, the same tip chord, and the same exposed wing area outside
theintersection of thewing and body planforms, asthetruewing. Theequivalent-wing planform parameters
that result from applying the method in ESDU 76003 to the aircraft in Sketch 5.1 are summarised in

Table5.2.

TABLE 5.2 Propertiesof Equivalent Straight-tapered Wing Planform

The values and notation in Table 5.2 are used throughout the example for the wing geometry.
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