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ESDU DATA ITEMS
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government research laboratories, universities and others from around the world through the participation of some
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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.
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ESDU 85010
ESTIMATION OF SIDEFORCE, YAWING MOMENT AND ROLLING MOMENT 
DERIVATIVES DUE TO RATE OF ROLL FOR COMPLETE AIRCRAFT AT SUBSONIC 
SPEEDS

1. NOTATION AND UNITS (see Sketch 1.1)

The derivative notation used is that proposed in ARC R&M 3562 (Hopkin, 1970) and described in Item
No. 86021.  Coefficients and aeronormalised 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

,  and  are often written as ,  and  in other systems of notation, but attention must be
paid to the reference dimensions used.  In particular, in forming ,  and  differentiation of ,

 and  may be carried out with respect to pb/2V not pb/V as implied 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 several 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 here is limited 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.

 

SI British

aspect ratio

lift-curve slope rad–1 rad–1

value of  at rad–1 rad–1

wing span m ft

drag coefficient, 

viscous drag coefficient, 

lift coefficient, 

lift coefficient increment due to flap deployment

rolling moment coefficient, 

yawing moment coefficient, 

sideforce coefficient, 

drag N lbf

lift N lbf

Yp Np Lp CYp Cnp Clp
CYp Cnp Clp CY

Cn Cl

A

a1

a1( )
CL 0=

a1 CL 0=

b

CD D/½ρV2S

CD′ CD  CL
2– /πA

CL L/½ρV2S

CLf∆

Cl L  /½ρV2Sb

Cn N /½ρV2Sb

CY Y/½ρV2S

D

L
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ESDU 85010
rolling moment N m lbf ft

rolling moment derivative due to rate of roll, 

Mach number

yawing moment N m lbf ft

yawing moment derivative due to rate of roll, 

rate of roll rad/s rad/s

wing planform (reference) area m2 ft2

wing semi-span m ft

velocity of aircraft relative to air m/s ft/s

sideslip velocity m/s ft/s

sideforce N lbf

sideforce derivative due to rate of roll, 

angle of attack degree degree

angle of sideslip degree degree

wing leading-edge sweep angle degree degree

wing quarter-chord sweep angle degree degree

wing half-chord sweep angle degree degree

ratio of wing tip chord to wing centre-line chord 

density of air kg/m3 slug/ft3

Additional symbols

denotes component due to fin

denotes component due to trailing-edge flap deployment at 
constant 

denotes component due to tailplane

L

Lp
Lp ∂L /∂p( )/½ρVSb2=

M

N

Np
Np ∂N /∂p( )/½ρVSb2=

p

S

s

V

v

Y

Yp
Yp ∂Y/∂p( )/½ρVSb2=

α

β

Λ0

Λ¼

Λ½

λ

ρ

 ( )F

 ( )f
CL

 ( )T
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3

ESDU 85010
denotes component due to wing planform 

denotes component due to wing dihedral 

denotes component due to wing twist

Sketch 1.1  Sign conventions

* The longitudinal body axis is a reference axis fixed in the body in the plane of symmetry. The exact direction of the axis in that
plane is conventionally determined by considerations of mid-body geometry.

 ( )w

 ( )Γ

 ( )ε

Λ¼

V cos β

V cos β

V

Y

v β

α

p, L

p, L

N

N

b

Moment reference centre

Longitudinal
body axis*
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ESDU 85010
2. INTRODUCTION

An aircraft’s sideforce, yawing moment and rolling moment derivatives due to rate of roll, ,  and 
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 a number of years. This Item 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 ,  and  and the Items from which they may be estimated.
The total values of the derivatives are obtained by evaluating each component at the same angle of attack
and summing the results. 

For  the dihedral contribution is important at low  and , because the wing planform and fin
contributions are then small and the magnitude of  is large and sufficient to determine the sign of

. As  and  increase the dihedral contribution remains constant but the planform and fin contributions
become increasingly important. 

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

In general  is completely dominated by the wing planform contribution and for a rapid estimate it is
sufficient only to calculate . 

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
derivatives due to sideslip in Item Nos. 81032 (Derivation 38) and 82011 (Derivation 39) and those due to
rate of yaw in Item No. 84002 (Derivation 41). 

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  at high  is given in Section 5.3.2.

 
TABLE 2.1  

Component Due to Calculated from Item No.

, Wing planform 8101437

Wing planform Aero A.06.01.0131

, , Wing dihedral 8500642

, , 
, 

Fin and 
tailplane

8300640

Item Nos Aero A.06.01.0032 and Aero A.07.01.0029 give brief introductions to the various
components of the yawing and rolling moment stability derivatives. 
(Derivation numbers are given as indices)

Yp Np Lp

Yp Np Lp

Yp α CL
Yp( )Γ

Yp α CL

Np
α CL

Lp
Lp( )

w

Lp( )
w

CL

Yp( )
w

Np( )
w

Lp( )
w

Yp( )Γ Np( )Γ Lp( )Γ

Yp( )
F

Np( )
F

Lp( )
F

Lp( )
T

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: ESDU 85010 1985

http://www.avadocuments.com/doc/esdu-85010-1985
http://www.avadocuments.com/doc/esdu-85010-1985


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

5

ESDU 85010
3. COMPARISONS WITH 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 ,  and . Data have been studied for a wide 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  and
a few data from 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 is either 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
provides a less direct and therefore less precise measurement of the roll rate derivatives. The flight-test data
come from tests in which the dynamic response of an aircraft to various control inputs is measured, and the
complete set of aerodynamic stability derivatives consistent with that response is deduced. The accuracy
with which the various derivatives can be identified by this process depends on the sensitivity of the aircraft
to each derivative. Satisfactory estimates are usually possible for the derivatives  and , but the
response of the aircraft is so insensitive to  that it is usually omitted from the analysis. 

3.1 Accuracy of Prediction at Low  and 

Comparisons with experimental data have revealed that at low  and , as shown in Sketch 3.1,  is
estimated to within about ,  to within about  and  to within about  per cent. These
figures are consistent with the accuracies associated with individual Items. As expected the best agreement
is achieved with data from 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 is useful to consider Sketches 3.2a to 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 . The aircraft with swept wings in
Sketches 3.2c and 3.2d have more important wing planform contributions that oppose any dihedral
contributions and lead to positive values of . Because the planform and dihedral contributions act in
opposite senses any errors in the prediction of either can represent a substantial fraction of the total value. 

For the yawing moment derivative Sketches 3.2a to 3.2d show that  is comprised of small contributions
from the wing planform and dihedral and from the fin. The fin contribution  is particularly difficult
to estimate reliably because it is strongly influenced by the wing and body sidewash (see Item No. 83006).
Thus the uncertainty in  can often be of the same order as its overall magnitude (see Sketch 3.1b). 

The situation is much simpler for the rolling moment derivative. In this case the wing planform contribution
is completely dominant and the small percentage error in the prediction of  corresponds to the basic
accuracy associated with the component . 

In wholly subsonic flow the effect of Mach number on the rate of roll derivatives is small and predictable,
as illustrated in Sketch 3.3. 

Yp Np Lp

M 0.8≈( )

Np Lp
Yp

α CL

α CL Yp
0.06± Np 0.016± Lp 10±

Yp

Yp

Np
Np( )

F

Np

Lp
Lp( )

w
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ESDU 85010

Sketch 3.1  Comparison of predicted values at low  and 
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ESDU 85010

Sketch 3.2  Illustration of component break-down for cruise conditions
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ESDU 85010

Sketch 3.2 Illustration of component break-down for cruise conditions (concluded)
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Sketch 3.3  Illustration of variation of derivatives with Mach number
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3.2 Variations with  and 

3.2.1 General

The accuracy of the prediction of the variation of the rate of roll derivatives with  and  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 contributions to  and  is determined by the progressive breakdown of the leading-edge and
tip suction forces following the onset of flow separation. Section 3 of Item No. 81014 describes the role of
those edge forces with regard to the roll rate derivatives. In brief, the effect is that  and  increase
in magnitude with  until flow separation begins, at which point there is a rapid reduction in the edge
forces and hence in the magnitudes of  and . Eventually , which is initially negative,
changes sign and approaches the value  that corresponds to a complete absence of edge forces.
In Item No. 81014 a method is given for modelling the non-linear behaviour of . This uses the
experimental value of the rate of change with angle of attack of the viscous drag coefficient of the wing,
i.e.  where , as a parameter for correlating the flow separation effects. No
attempt is made to model the non-linear behaviour of , which can be expected to fall to zero as the
edge forces disappear. 

With regard to , the experimental value is almost entirely determined by the wing contribution, and can
therefore be expected to remain almost constant with  until flow separation effects influence .
Usually there is a large fall in the magnitude of  at high  close to the stall. Item No. 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. 

3.2.2 Example 1

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

In Sketch 3.4a it can be seen that the experimental variation of  with  is modelled quite well for .
Above that there is poor agreement because no attempt is made to predict the non-linear variation of the
wing planform contribution. Sketch 3.5a shows that  provides the major contribution to  with a
smaller contribution of the same sign coming from .

For , Sketch 3.4b shows that a fairly uniform discrepancy is maintained between the experimental and
predicted values for . The agreement gets only slightly worse as  increases. The values of 
become increasingly negative until , when the decay of edge forces begins. This causes a fall in the
magnitude of the wing planform contributions which is mirrored by the decrease in the magnitude of 
until , after which  again assumes increasing negative values due to the growing influence of the
fin contribution. Sketch 3.5b illustrates this interplay for the predicted values. Although  changes
sign and takes positive values from , the steadily increasing negative contribution  is sufficient
to overcome this and determine the ultimate variation of .

For , Sketch 3.4c shows that there is an early fluctuation in the experimental value for .
This is presumably due to local flow separations. Apart from this the general accuracy of prediction is good
up to , after which the predicted and experimental values diverge rapidly as the stall is approached.
Sketch 3.5c shows that the predicted value of  is almost entirely determined by , but the tiny
contribution  adds shape to the curve. 
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