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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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.
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CONTRIBUTIONOF TAILPLANE-MOUNTED TWINFINSTO SIDEFORCE, YAWING
MOMENT AND ROLLING MOMENT DERIVATIVESDUE TO SIDESLIP AT
SUBSONIC SPEEDS

1 NOTATION AND UNITS

The derivative notation used is that proposed in ARC R&M 3562 (Hopkin, 1970) and described in Item
No. 86021. Coefficientsand aeronormalised derivatives are eval uated in aerodynamic body axeswith origin
at the aircraft centre of gravity with the wing span as the characteristic length. The derivatives Y, , N,, and
L, areoftenwrittenas dC,/df3, dC /9B and dC,/df or CYB , C,,g and C, inother systems of notation,
but attention must be paid to the reference dimensions used and it isto be noted that a constant datum value
of Visemployed in the Hopkin system.

=) S| British
ok
§ Ag effective aspect ratio of each fin, allowing for endplate effect of
= tailplane
8
@ Ar geometric aspect ratio of each fin, h?/S:
©
17 a, sideforce-curve slope for each fin in isolation, considered as a radt radt
< wing of aspect ratio A (see Section 3.1)
§ e average sideforce-curve slope for the individual fins alowing rad rad !
= for body and tailplane effects
L
= b wing (reference) span m ft
2 by tailplane span m ft
S
% C, rolling moment coefficient, #/¥20V2S,b
§ C, yawing moment coefficient, 4/%0V2S, b
O
é Cy sideforce coefficient, Y/¥2PV?S,,
wl
d body depth at tailplane tip quarter-chord station m ft
(see Sketch 1.2)
F factor allowing for tailplane sweep in tailplane contribution
(L)1e
h overal height of fin (see Sketch 1.2) m ft
z rolling moment (see Sketch 1.1) Nm Ibf ft
L, rolling moment derivative due to sidedlip,
L, = (0Z10v)[/PVS, b
( LV)TZF twin-fin contribution to L,, in presence of body, wing and
tailplane
AL, part of (LV)TZF due to loading on tailplane dueto fins
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length of body from tip of nose to tailplane tip quarter-chord
station (see Sketch 1.1)

free-stream Mach number

distance of fin centre of pressure aft of moment reference
centre, measured parallel to aircraft longitudinal body axis (see
Sketch 1.1)

distance of tailplane tip quarter-chord point aft of moment
reference centre (see Sketch 1.1)

yawing moment (see Sketch 1.1)

yawing moment derivative due to sidedlip,
N, = (0A19V)//APVG,b

twin-fin contribution to N,, in presence of body, wing and
tailplane

Reynolds number based on wing aerodynamic mean chord

areaof each fin
area of tailplane
wing (reference) area

velocity of aircraft relative to air
sidedlip velocity (see Sketch 1.1)

body width at tailplane tip quarter-chord station
(see Sketch 1.2)

sideforce (see Sketch 1.1)
sideforce derivative dueto sideslip, Y,, = (9Y/9Vv)/%PVS,,

tV\_/i n-fin contribution to Y, in presence of body, wing and
tailplane

distance from tailplane tip chord line to top of fin
(see Sketch 1.2)

height of centre of pressure position of load distribution on fin,
measured from tailplane tip chord

height of centre of pressure position of load distribution on fin,
measured from, and normal to, longitudinal body axis

height of tailplane tip chord above longitudinal body axis (see
Sketch 3.1)

angle of attack
angle of sideslip (see Sketch 1.1)
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Ay e sweepback of fin quarter-chord line deg deg
Ay 1 sweepback of tailplane quarter-chord line deg deg
Ay tan~1[(tanA,,1)/(1-M?)"] deg deg

Ag taper ratio of fins

o density of air kg/m® slug/ftd

V cos 3

AA’ Tailplanetip
quarter-chord
station
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& Moment reference centre

{b— Centre of pressure position
of fin sideforce

Longitudinal
body axis
—
—
—
@ .
A
V cos B
—
—
. .
— ,/ZF
—
Sketch 1.1
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AA’ Tailplane tip quarter-chord station Section through AA’
Sketch 1.2

2. INTRODUCTION

ThisItem givesasemi-empirical method for calculating (Yv)T £ (NV)TZF and (Lv)TZF , the contributions
of the twin vertical stabilising fins of an aircraft to the sideForce, yawing moment and rolling moment
derivatives due to sidedlip at subsonic speeds (M <0.7). The method applies to twin fins of low sweep
mounted at the tips of the aircraft tailplane. It was developed primarily for bodies with circular or
near-circular cross-sections but may be used with caution for bodies with square or rectangular
Cross-sections.

The method is a modified version of that developed in Derivation 10 and was established on the basis of
comparisons with wind-tunnel datain Derivations 1 to 9 and 11 to 13.

The stability derivatives are given in aero-normalised form and are for an aerodynamic-body axis system
(see Reference 16).

3. METHOD

ESDU Copyright material. For current status contact ESDU.

31 Fin Sideforce-curve Slope

The method for predicting the fin sideforce-curve slope follows the technique set out in Derivation 10 for
fins of low sweep, but with some minor changesin the correlating parameters. Thefins of geometric aspect
ratio A are considered to have an effective aspect ratio A due to the end-plate effect of the tailplane.
Theratio Ac/Ag isgivenin Figure 1in terms of the vertical location, z/h, of the fins on the tailplane. To
determine a, , the sideforce-curve slope of each fin inisolation, Figure 2 providesvaluesof (1-M?)"a, ,
as afunction of (1—M2)1/2AE for fins of rectangular planform or with approximately elliptical spanwise
loading (taken from Item No. 70011, Reference 15). A correction is applied to a; to alow for sidewash
fromthebody. Figure3givestheratio a, /a; , where a, ¢ isthelift-curve slope of eachfinin the presence
of thebody and thetailplane. Thetwo parametersd/hand (1—M2)7%( by —w)/l5 havebeenusedtocorrelate
the data. The vaue of a; has been derived as an average of the sideforce on the individual fins, which
will not be equal on account of the body. An allowance for a rudder control gap may be made by using
Item No. Aero C.01.01.04 (Reference 14).
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