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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.

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 now has the following membership:

Chairman
Mr H.C. Garner — Independent

Vice-Chairman

ESDU Copyright material. For current status contact ESDU.

Mr P.K. Jones British Aerospace, Manchester Division
Members

Mr D. Bonenfant Aérospatiale, Toulouse, France.

Mr E.A. Boyd Cranfield Institute of Technology

Mr K. Burgin Southampton University

Mr E.C. Carter
Mr J.R.J. Dovey

Aircraft Research Association
British Aerospace, Warton Division

Dr J.W. Flower Bristol University

Mr A. Hipp British Aerospace, Stevenage-Bristol Division
Dr B.L. Hunt" Northrop Corporation, Hawthorne, Calif., USA
Mr J. Kloos” Saab-Scania, Link6ping, Sweden

Mr J.R.C. Pedersen

Independent

Mr I.H. Rettie” Boeing Aerospace Company, Seattle, Wash., USA
Mr F.W. Stanhope Rolls-Royce Ltd, Derby

Mr H. Vogel British Aerospace, Weybridge-Bristol Division

Mr J. Weir Salford University.

Corresponding Member

The construction and subsequent development of the Data Item was undertaken by

Mr R.W. Gilbey — Senior Engineer.
R e 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 83006 A 1985


http://www.avadocuments.com/doc/esdu-83006-a-1985
http://www.avadocuments.com/doc/esdu-83006-a-1985

ESDU 83006

CONTRIBUTION OF FIN TO SIDEFORCE, YAWING MOMENT AND ROLLING
MOMENT DERIVATIVES DUE TO RATE OF ROLL, (Yy)g, (Np)g ., (Lp)g, IN THE
PRESENCE OF BODY, WING AND TAILPLANE

ESDU Copyright material. For current status contact ESDU.

CONTENTS
Page
1. NOTATION AND UNITS 1
2. INTRODUCTION 5
2.1 General Behaviour of Derivatives 5
3. METHOD 7
31 General Equations 7
3.1.1 Mach number effects 8
3.1.2 Tailplane contribution 8
3.2 Derivation of Factors Ky Ky and K 9
321 Fin-tailplaneinterference 10
3.2.2 Noteon datain Derivations 10, 16 and 20 1
3.3 Sidewash Due to Wing 1
34 Variationswith Angle of Attack 12
4, ACCURACY AND APPLICABILITY 13
4.1 Accuracy 13
4.2 Applicability 14
5. DERIVATION AND REFERENCES 14
51 Derivation 14
5.2 References 16
6. EXAMPLE 17
FIGURES1and 2 22 and 23

Documents

i 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 83006 A 1985


http://www.avadocuments.com/doc/esdu-83006-a-1985
http://www.avadocuments.com/doc/esdu-83006-a-1985

ESDU 83006

CONTRIBUTION OF FIN TO SIDEFORCE, YAWING MOMENT AND ROLLING
MOMENT DERIVATIVESDUE TO RATE OF ROLL, (Yp)F : (Np)F , (Lp)F , INTHE

PRESENCE OF BODY, WING AND TAILPLANE

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
Y., N, and L . areoftenwritten as Cvp Gy and CIID in other systems of notation, but attention must be

paldto the reference dimensions used. npar icular, in forming CY , Cpy and C

differentiation of Cy,

C,, and C; may be carried out with respect to pb/2V not pb/V as |mpI|ed in the I—Fopkln system. It isalso

to be noted that a constant datum value of V is employed by Hopkin.

>
[a)
)
wl
2
— . . . 2
§ AF effective aspect ratio of fin, 2h,: /SF
3 A tailplane aspect ratio, b2/
5 T plane asp o, by /Sy
o - 0 b2
§ Aw wing aspect ratio, b/S,
3 b wing span
o
- by tailplane span
o
- : - Ry
g C, rolling moment coefficient, # /2pV<S,b
= C, yawing moment coefficient, .4 /%pV2S,b
.90
§ Cy sideforce coefficient, Y/%pV?2S,,
é Cot tailplane centre-line chord (in plane of symmetry)
wl
Ck fin root chord, see Sketch 1.1
Cip fin tip chord, see Sketch 1.1
hF height of fin, measured from fin root chord in direction normal
to longitudinal body axis, see Sketch 1.1
Ky Ky, factors used in estimating (Yp)F , See Sections 3.1 and 3.2
z rolling moment
Lp rolling moment derivative due to rate of roll,
L, = (0.219p)I%2pVS,b?
(Lp)F fin contribution to Lp in presence of body, wing and tailplane
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tailplane contribution to Lp in presence of body, wing and fin

distance of centre of pressure position of fin sideforce due to
rate of roll, measured aft from centre of gravity position and
paralel to longitudinal body axis, see Sections 3.1 and 3.2

free-stream Mach number

distance of fin root quarter-chord station aft of centre of gravity
position, measured parallel to aircraft longitudinal body axis,
see Sketch 1.1

yawing moment

yawing moment derivative due to rate of rall,
Ny = (0.4 10p)IY2pVSb?

fin contribution to Np in presence of body, wing and tailplane

roll rate

fin area between fin root and tip chords,
he(c, g +Cp)/2, see Sketch 1.1

tailplane planform area
wing planform (reference) area

velocity of aircraft relativeto air
sidedlip velocity
sideforce

sideforce derivative due to rate of roll, Yp = (9YI9p)/Y2pVS,b

fin contribution to Yp in presence of body, wing and tailplane

height of fin root chord, measured from longitudinal body axis
in direction normal to longitudinal body axis, see Sketch 1.1

distance of centre of pressure position of fin sideforce due to
rate of roll, measured above and normal to longitudinal body
axis, see Sections 3.1 and 3.2

height of intersection of fin-mounted tailplane with fin,
measured from fin root chord in direction normal to
longitudinal body axis, see Sketch 1.1

angle of attack

angle of sidedlip, sin~1(v/V)
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Be angle of sidedlip at fin radian radian
Ay p fin quarter-chord sweep angle degree degree
Ay 1 tailplane quarter-chord sweep angle degree degree
Ay wing quarter-chord sweep angle degree degree
A ratio of wing tip chord to wing centre-line chord

Ag ratio of fin tip chord to fin root chord

Ay ratio of tailplane tip chord to tailplane centre-line chord

p density of air kg/m® slug/ft3
c sidewash angle at fin due to rolling flight, positive when it radian radian

decreases sidedip angle at fin, B = — ©

ow mean contribution to ¢ due to wing, see Section 3.3 radian radian

Cg effective changein 6 dueto changein o and movement of fin radian radian
relative to roll axis, see Section 3.4
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% Centre of gravity position

B4 Centre of pressure on fin

Longitudinal

body axid ~

p. Z/ﬂ\- Y 1

V cos B —
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h Fin area § shaded

Longitudinal body axis

Sketch 1.1 Body, wing and fin geometries

T The longitudinal body axis is a reference axis, fixed in the body in the plane of symmetry and passing through the centre of
gravity position. The exact direction of the axis in the plane of symmetry is conventionally determined by considerations of
mid-body geometry, the axis being taken parallel to some convenient ‘horizontal’ datum.
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2. INTRODUCTION

This Item gives a method for calculating (Y ) (N ) and (Lp)F the contributions of the vertical
stabilising fin of an aircraft to the sideforce, yavvl ng moment and rolling moment derivatives due to rate of
roll. The method is applicable for subsonic flight speeds when the flow over the aircraft iswholly subsonic
and fully attached. Thetail assemblies covered are those where asinglefin islocated on top of the aircraft
rear body and in the plane of symmetry, with atailplane, if present, mounted either on the fin itself or on
the rear body. The aircraft isassumed to bein the‘clean’ configuration with no flaps or dats deployed. The
method is semi-empirical; it makes use of the theoretical calculations performed for isolated fin-tailplane
arrangements at zero angle of attack that are reported in Derivations 10, 16 and 20, and applies corrections
to allow for the presence of the wing and body and for angle of attack variations. These corrections are
made in terms of the mean sidewash occurring at the fin in rolling flight, as suggested in Derivations 3
and 5, with the magnitudes of the corrections being deduced from comparisons with the wind-tunnel test
results given in Derivations1to 4, 6t0 9, 11to 15, 17 to 19, 21 and 22. A method for calculating (Lp)T,
the contribution of the tailplane to LIO ,isasoincluded in the Item.

The method is described in detail in Section 3 (see Section 3.1 for (Y, )F , (Np) and (Lpg
Section 3.1.2 for (L) ) The accuracy and applicability are assessed In Sectlon 4 on the bass of
comparisons with wind- tunnel data. The Derivation and References are given in Section 5 and a worked
example which illustrates the agreement between prediction and experiment is given in Section 6.

2.1 General Behaviour of Derivatives

As an introduction to the fin contributions to the roll rate derivatives, Sketch 2.1 shows the total
(experimental) values of Y., N and L and the (experimental) fin contributions to these derivatives for
a wind-tunnel model tested both with and without a wing (Derivation 3). The sketch demonstrates the
important influence of the wing on the fin contributions, the interference being sufficient to changethe sign
of the derivatives at low angles of attack. Note also that the fin contribution to L, isonly a small part of
thetotal aircraft value, and so it is subject to more uncertainty than the other two derivatives when deduced
fromfin-on and fin-off model tests. Themethod in thisItem hastherefore concentrated on predicting (Npg
this being more important than (Y )F in stability calculations. (The substantial non-linear variation Wlth
o, of thewing-on derivativesis attributable to the contribution of the wing planform, as described in Item
No. 81014, Reference 25.)
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Sketch 2.1 Typical variations of roll rate derivatives (Derivation 3)

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU
No reproduction or networking permitted without license from IHS

Full document details: ESDU 83006 A 1985

6

Documents

Document Sharing Hub

Licensee=/, User=,

Not for Resale,


http://www.avadocuments.com/doc/esdu-83006-a-1985
http://www.avadocuments.com/doc/esdu-83006-a-1985

