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CONTRIBUTION OF FIN TO SIDEFORCE, YAWING MOMENT AND ROLLING 
MOMENT DERIVATIVES DUE TO SIDESLIP, , , , IN THE PRESENCE 
OF BODY, WING AND TAILPLANE

1. NOTATION AND UNITS (see Sketches 1.1, 1.2 and 1.3)

The derivative notation used is that proposed in ARC R&M 3562 (Hopkin, 1970) and described in
No. 86021. Coefficients and aeronormalised derivatives are evaluated in aerodynamic body axes with o
at the aircraft centre of gravity and with the wing span as the characteristic length. The derivatives 
and  are often written as ,  and  or ,  and  in other system
notation, but attention must be paid to the reference dimensions used and it is to be noted that a const
datum value of V is employed in the Hopkin system.

SI British

wing aspect ratio, 

effective aspect ratio of fin, , see Section 3.2 

tailplane aspect ratio, 

wing span m ft

tailplane span m ft

lift-curve slope, , for straight-tapered wing of aspect 
ratio , taper ratio , half-chord sweep angle  and 
area , estimated from Item No. 70011 (Derivation 33), see 
Section 3.2

radian–1 radian–1

rolling moment coefficient, 

yawing moment coefficient, 

sideforce coefficient, 

tailplane centre-line chord, in plane of symmetry through 
body centre-line

m ft

fin root chord, see Section 3.2 m ft

fin tip chord, see Section 3.2 m ft

tailplane tip chord m ft

body width at fin root quarter-chord station m ft

body height at fin root quarter-chord station m ft
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body height at wing root quarter-chord station, see Sketch 1.1 m ft

height of fin, measured from fin root chord in direction 
normal to longitudinal body axis see Section 3.2 

m ft

sideforce correction factor allowing for presence of body

sideforce correction factor allowing for presence of tailplane

sideforce correction factor allowing for presence of wing

rolling moment N m lbf ft

rolling moment derivative due to sideslip, 

fin contribution to  in presence of body, wing and tailplane

free-stream Mach number

distance of fin root quarter-chord station aft of centre of 
gravity position (moment reference centre), measured parallel 
to aircraft longitudinal body axis 

m ft

yawing moment N m lbf ft

yawing moment derivative due to sideslip, 

fin contribution to  in presence of body, wing and tailplane

fin area, , see Section 3.2 m2 ft2

tailplane area, m2 ft2

wing (reference) area m2 ft2

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

sideslip velocity m/s ft/s

sideforce N lbf

sideforce derivative, 

fin contribution to  in presence of body, wing and tailplane

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

m ft
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hF
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height of centre of pressure position of load distribution on 
fin, measured from fin root chord in direction normal to 
longitudinal body axis, see Section 3.6 

m ft

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

m ft

height of wing root quarter-chord point above local body 
centre-line, positive for low wings, see Sketch 1.1

m ft

angle of attack radian radian

angle of sideslip radian radian

fin quarter-chord sweep angle degree degree

fin half-chord sweep angle degree degree

tailplane quarter-chord sweep angle degree degree

wing quarter-chord sweep angle degree degree

ratio 

ratio 

density of air kg/m3 slug/ft3

z F

zT

zW

α

β

Λ¼F

Λ½F

Λ¼T

Λ¼W

λF ctF /crF

λT ctT /c0T

ρ

3



82010�

f gr
Sketch 1.1   Body, wing and fin geometries

* The longitudinal body axis is a reference axis, fixed in the body in the plane of symmetry and passing through the centre oavity
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.
4
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NOTES (i) Area  is shown shaded. 
(ii) BB' indicates the fin root quarter-chord station

defined by the plane normal to the longitudinal bod
axis which passes through the point at which the 
quarter-chord line intersects the body.  The bo
height and width,  and , are defined at th
station.  

(iii) Fin chords are defined parallel to the longitudina
body axis and fin, tailplane and body heights a
defined perpendicular to it.  

Sketch 1.2   Fin and tailplane geometries for body-mounted tailplanes
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2. INTRODUCTION

This Item gives a semi-empirical method for calculating , , and , the contribution
the vertical stabilising fin of an aircraft to the sideforce, yawing moment and rolling moment derivative
due to sideslip, at subsonic speeds.  The aircraft geometries covered by the method are those wher
fin is located on top of the aircraft rear-body, and in the plane of symmetry, with the tailplane moun
either on the fin itself or on the rear-body.  The shape of the fin is assumed to approximate to a trap
The method was developed for bodies with circular or nearly-circular cross-sections.  It may be use
caution, for bodies with elliptical or near-rectangular cross-sections by using a mean body diame
provided that the body height to width ratio in the region of the fin is close to unity.  Otherwise the m
of Item No. 93007 (Reference 39) that covers a wide range of body height to width ratios and both si
and twin fins should be used. 

NOTES (i) Area  is shown shaded.  
(ii) BB' indicates the fin root quarter-chord

station, defined by the plane normal to th
longitudinal body axis which passes throug
the point at which the fin quarter-chord line
intersects the body.  The body height an
width,  and , are defined at this
station.  

(iii) Fin chords are defined parallel to the
longitudinal body axis and fin, tailplane an
body heights are defined perpendicular to it.

Sketch 1.3   Fin and tailplane geometries for fin-mounted tailplanes
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The method was established on the basis of a large number of comparisons with the wind-tunnel
Derivations 1 to 31, with the theoretical method given in Derivation 32 being used to provide some guidanc
on the effect of systematic variations of body, fin and tailplane geometries in areas where the experimenta
data were sparse or highly scattered.  (Derivation 32 uses a potential-flow calculation to determine th
side-load distribution over body-fin-tailplane assemblies, see Section 2.1.)

The predicted contributions ,  and  include allowances for interference between the body,
wing, tailplane and fin and represent the effect of adding a fin.  In particular the additional load indu
the body by the fin is taken into account.  To estimate the total values of the stability derivatives 
aircraft the predicted contributions from the wing, body, nacelles and trailing-edge flaps must be add
the fin contributions predicted herein, as described in Item No. 82011 (Reference 38) for  and  and
Item No. 81032 (Reference 37) for .*

The method is described in detail in Section 3.  The accuracy and applicability, including comments 
body cross-section shape and dorsal fin extensions, are discussed in Section 4.  The Derivation and
References are given in Section 5, and a worked example is given in Section 6.  

2.1 Note on Method in Derivation 32

In Derivation 32 the sideforce distributions on body-fin-tailplane assemblies are calculated
configurations where there is constant induced sidewash across the fin span.  The distributions are ca
from the two-dimensional flow around the cross-section of the wake in the Trefftz-plane, with conformal
mappings being used to transform this flow into the flow past a flat plate, for which the potentia
function is known.  The local difference of the potential flow function to either side of the flat plate give
the sideforce distributions.  

The assumption of constant induced sidewash imposes a restriction on the planforms of the fin 
tailplane, the twist of the tailplane and the shape of the body.  As the aspect ratios of the tailplane
become very small the condition of constant induced sidewash is satisfied whatever the shape o
and tailplane, provided that they are plane surfaces, that the twist of the tailplane tends to zero and that th
body tends to a cylindrical cross-section.  The calculation is therefore exact in the limiting case o
small fins and tailplanes and differences between any given arrangement and the constant induced s
arrangement appear only when the aspect ratio is not small.  However, Derivation 32 suggests that at leas
approximate calculations can be made even for arrangements of large aspect ratio when the differences
between a given arrangement and the constant induced sidewash arrangement can be expec
appreciable.  The method was therefore considered suitable for use in this Item to obtain smooth va
through scattered data and to provide guidance in areas where there were few data, provided experimental
data were used as a check on magnitudes.  

* Contributions from the tailplane in addition to the interference effects considered in this Item are discussed in Item No. 82011 (Section
3.2.2) and Item No. 81032.  They are generally small enough to be neglected.  If the tailplane has a large dihedral angle Item No. 81032
describes how the small tailplane-dihedral component of  can be calculated using the isolated wing data in Item No. Aero A.1.03
(Reference 35). 
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3. METHOD

3.1 General Description

3.1.1 Sideforce derivative 

The derivative  is calculated by applying a series of correction factors to a basic lift-curve slope
, estimated for the fin.  The correction factors allow, separately, for the presence of the

tailplane and wing and are denoted by ,  and  respectively.  The derivative  is given 

. (3.1)

The establishment of the fin geometry and the calculation of  are described in Section 3.2, and the
interference factors ,  and  are described in Sections 3.3 to 3.5, respectively.  

3.1.2 Yawing moment and rolling moment derivatives  and 

The derivatives  and  are calculated by estimating an approximate centre of pressure p
for the sideforce generating  and thence determining the yawing and rolling moments pro
relative to the centre of gravity position.  Section 3.6 describes how the centre of pressure position
calculated by initially considering a simple spanwise loading distribution over the fin and then app
two numerical constants to modify the vertical and longitudinal moment arms in order to improv
accuracy of prediction of  and .  The effect of the numerical constants is to allow empir
for the division of the sideforce between the fin and the body.  The centre of pressure position of 
loading is expressed in terms of its height  perpendicularly above the fin root chord and its longit
distance  aft of the fin root quarter-chord station.  The numerical constants modify 
distances to 0.85  and 0.7 .  Relative to the centre of gravity position the moment arms
sideforce in directions perpendicular and parallel to the longitudinal body axis become 

 respectively.  In the aerodynamic body axis system the yawing and rolling mo
derivatives are therefore

(3.2)

and

. (3.3)

At low values of , since the resolved component of the longitudinal moment arm is usually much g
than the resolved component of the vertical moment arm,  can normally be approximated by

. (3.4)

No such simplification is possible in the case of  since the resolved components of the mome
are of comparable magnitudes.  
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3.2 Fin Geometry and Lift-curve Slope

To calculate the basic lift-curve slope of the fin, , the actual fin is represented as a trapezoida
This is then considered to form half of a straight-tapered wing for which a lift-curve slope can be eva
from Item No. 70011 (Derivation 33). 

The trapezoidal panel is defined by the leading and trailing edges, the tip chord and the root chor
fin.  Sketches 1.2 and 1.3 show the trapezoidal panel shaded.  Note that the fin chords and heigh
defined parallel and perpendicular to the longitudinal body axis.  Any extension to the fin leading-e
the vicinity of the body junction by means of a dorsal fairing* and any curvature of the fin tip are ignore
by extending the fin leading-edge linearly into the body and to the maximum fin height, as shown in S
3.1.  The fin panel tip chord, , is the chordwise distance between the leading and trailing edges
fin at the maximum height.  The fin panel root chord, , is the chordwise distance betwee
(extrapolated) leading and trailing edges of the fin at the height where the fin quarter-chord swe
intersects the top of the body.  The plane normal to the longitudinal body axis and passing throu
point of intersection defines the fin root quarter-chord station, The fin height, , is the perpend
distance between the fin root and tip chords.  The fin area, , is the area enclosed by the fin (linear) leading
and trailing edges, the fin tip chord and the fin root chord, so that

. (3.5)

The straight-tapered wing is formed by reflecting the trapezoidal panel about its root chord.  This wi
an aspect ratio

, (3.6)

a taper ratio

, (3.7)

and a half-chord sweep angle parameter defined by the equation

. (3.8)

The lift-curve slope predicted for such a wing by Item No. 70011, and based on the area , is u
the basic lift-curve slope of the fin .  Equation (3.1) corrects to the half-wing area  appropriate
to the fin.  The data in Item No. 70011 allow for compressibility effects and  should be calculated
for the free-stream Mach number of interest. 

* The effect of dorsal fairings on the stability derivatives is discussed in Section 4.2.3. 
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Sketch 3.1   Definition of fin leading edge

3.3 Body-fin Correction Factor

The correction factor  allows for the effect of the body on the basic fin lift-curve slope and is given in
Figure 1.  It is presented as a function of  and , where  is the body height at th
root quarter-chord station and  is the fin height.  It was obtained by comparing experimental va

 for body-fin combinations with the values of  calculated as described in Section 3.2.  There
was good agreement between the theoretical values of  predicted by the method in Derivation32 and
the values deduced from the experimental data, although the latter were subject to significant 
Therefore, smooth variations through the experimental data were obtained by following the predicted
with  and  and applying empirical corrections in magnitude to improve the ov
accuracy.  

3.4 Tailplane Correction Factor

The correction factor  allows for the interference effect of a tailplane on the sideforce derivative
given in Figure 2a for body-mounted tailplanes and in Figure 2b for fin-mounted tailplanes.  Figure 2a
presents  as a function of  and , where  is the tailplane span.  Figure 2b presents

 as a function of  and , where  is the height of the intersection of the tailplane wit
fin, measured from the fin root chord.  The Figures were developed by comparing experimental va

 for configurations tested both with and without a tailplane.  Most of the data studied we
tailplanes with spans in the range , which enabled the curves in Figures 2a and 2b to be
established for tailplanes of this size.  Comparisons with the values of  predicted by the met
Derivation 32 were used to obtain a smooth variation with  and, in Figure 2a, with .
Only a few experimental data were available for tailplane spans with  and 0.5 but 
confirmed the trends predicted.  The curves at  should be regarded as tentative a
included to provide a smooth variation into .  

For body-mounted tailplanes the theoretical calculations and the experimental data from which va
 could be obtained were limited to configurations with tailplanes mounted on or near the local

centre-line.  Some caution is therefore necessary when using the method for tailplanes mounted 
the body close to the fin-body junction.  However, in the absence of other information, the values
given in Figure 2a should be employed for all body-mounted tailplanes.  For fin-mounted tailplane
height of the tailplane is assumed to lie in the range , which covers most pra
arrangements.  

JB
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3.5 Wing Correction Factor

The correction factor  allows for interference between the wing and the body-fin-tailplane assembly.  It
is given in Figure 3a for configurations with body-mounted tailplanes and in Figure 3b for configurations
where the tailplane is fin-mounted or absent.  In both cases  is a function of the wing height, exp
as , the ratio of the distance of the wing root quarter-chord point from the local body centr
to the body height at the wing root quarter-chord station, see Sketch 1.1.  

There was no theoretical method available for predicting  and Figures 3a and 3b were produced solely
from an examination of the experimental data in Derivations 1 to 31.  A small number of data (Derivations
2, 3, 5, 11 and 14) were available in which a configuration was tested with a wing in a high, a middle
a low position, other parameters remaining constant.  Comparing the values of  for the hig
low-wing configurations with the value for the corresponding mid-wing configuration enabled estim
of  to be made for values of  between 0.35 and 0.40.  Efforts were made to establish the va
of  at other values of  by comparing the experimental values of  for complete m
with the predictions resulting from Equation (3.1) with .  These confirmed the general trend
apparent from the systematic tests and the curves shown are mean values drawn through the exp
data.  The general scatter of the data defining the  curves was about , and in one or two ca
comparisons with the data for complete models suggested larger departures.  There were no data f
displaced only slightly from the mid-wing position and the shapes of the curves in the re

 in Figure 3a and  in Figure 3b are based on interpolation betwee
the experimental data and the mid-wing value of unity.  Some caution is therefore necessary when taking
values of  from Figures 3a and 3b.  In particular, undue reliance should not be placed on the predi
benefit in fin effectiveness to be gained from wings mounted low on the body.  

3.6 Centre of Pressure Position

The centre of pressure position calculated in this Section is intended only as a suitable represen
the point of action of the fin sideforce for the purposes of calculating  and .  It has been ob
by first calculating a position based on simple assumptions concerning the loading on the fin an
applying two numerical correction factors to the vertical and longitudinal positions in order to improv
overall agreement between the predicted and experimental values of  and .  The scatter b
the experimental and predicted values of  is too great (see Section 4.1) to warrant a more elaborate
treatment since it would lead to little improvement in accuracy.  

The centre of pressure position associated with the loading on the fin is expressed in terms of its
perpendicularly above the fin root chord, , and its longitudinal distance aft of the fin root quarter-chord
station, , the sideforce being assumed to act on the fin quarter-chord line.  For body-mo
tailplanes, or when the tailplane is absent, a half-wing elliptical spanwise loading over the fin is ass
and this gives a vertical centre of pressure position at approximately 40 per cent of the fin height, i.e. at a
distance 0.4  above the fin root chord.  When the tailplane is mounted on the fin the parts of the si
acting on the fin above and below the tailplane are considered separately, and a half-wing elliptical spanwise
loading is assumed over the fin extent to either side of the tailplane.  This gives a centre of pressure 
for each part of the sideforce which is at approximately 40 per cent of the fin extent to either side
tailplane.  Therefore the fin load above the tailplane acts at a distance  above the f
chord, and the fin load below the tailplane acts at a distance 0.6  above the fin root chord.  The
centre of pressure position is obtained by assuming that the magnitudes of the loads above and b
tailplane are in the same ratio as the fin areas above and below the tailplane, and by taking moments ab
the fin root chord.  Figure 4 shows the result of this calculation for a fin with , presenting 
as a function of .  Comparisons with a large number of experimental data covering fin taper ra
the range  have shown that the variation of  with tailplane height given in Figure 4 can be
used for any taper ratio in this range with no loss of accuracy.  This is because any change due to
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the taper ratio can have only a small effect on the overall moment arms relative to the centre of gravity
position, particularly in the case of .  

Examination of the experimental data in Derivations 1 to 31 and the values predicted for  and 
on the basis of the vertical and longitudinal moment arms  and , corrected to the cen
gravity position, showed that the magnitudes of  and  were slightly overestimated in general
and that improved predictions were obtained if two numerical constants were introduced to redu
moment arms.  These constants may be considered as empirical corrections to allow for the fact t
of the sideforce is carried on the body and acts below the fin root chord, with a point of action wh
near to the fin root quarter-chord station and not on the fin quarter-chord line.  Relative to the centre of
gravity position the modified moment arms are  and  (with  taken from
Figure 4).  Although they are based on a simple treatment of the body-fin-tailplane loading, compa
with experimental data for a wide range of configurations have shown that these arms provide a s
basis for calculations of lateral stability.  Equations (3.2) and (3.3) in Section 3.1.2 show how they are
combined with  and the angle of attack  for predicting  and  in the aerodynamic 
axis system.
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4. ACCURACY AND APPLICABILITY

4.1 Accuracy

Sketches 4.1 to 4.3 illustrate the general level of agreement between the predicted and experimental 
of ,  and .  The values of  are generally predicted to within  and the va
of  to within .  There is relatively greater scatter between the predicted and experimental 
of .  This is partly due to the fact that the experimental values of  are sometimes less easy to
in terms of an idealised linear variation of rolling moment with angle of sideslip than is the case
defining  and  from sideforce and yawing moment data.  It also reflects the fact that because
smaller magnitude of  and its greater dependence on angle of attack the identification of t
contribution from experimental data is subject to higher errors.  Overall the values of  are gen
predicted to within .  

Sketch 4.1   
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Sketch 4.2   

Sketch 4.3   
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4.2 Applicability

4.2.1 General

The method is applicable to conventional aircraft in the cruise (clean) configuration at small angles o
and sideslip where there is an essentially linear variation of the sideforce, yawing moment and 
moment with the angle of sideslip.  In practice, because of departures from a linear variation, static
stability derivatives are defined from experimental data over a small range of sideslip angles a
typically between  or .  The derivatives predicted by the method in this Item are consisten
this approach.  The experimental data in Derivations 1 to 31 suggest that at angles of attack and l
coefficients representative of cruise conditions low-wing and mid-wing aircraft tend to maintain a linear
variation of sideforce, yawing moment and rolling moment for sideslip angles approaching 10°.  Th
for high-wing aircraft often start to show some departure from a linear variation between 5° and 10
sideslip, with the magnitudes of the sideforce, yawing moment and rolling moment slowly increasing.  

Almost all of the data studied were from wind-tunnel tests carried out at low speeds and the m
introduces compressibility effects only through the basic fin lift-curve slope estimated from Item No. 7
However, a few experimental data (Derivations 15, 18, 22, 23 and 25) were available for configurations
tested at Mach numbers of 0.6 and 0.8 and in these cases the stability derivatives were predicted with an
accuracy comparable to that for the low-speed data.  It is therefore suggested that the method can
generally for subsonic free-stream Mach numbers, provided that the flow over the configuration i
attached and wholly subsonic.  

The range of configuration geometries considered is illustrated in Table 4.1, where the more important
parameters are listed.  The method should only be used with caution for configurations which 
significantly from these.  In particular, the range of  should be noted.  For values o
parameter above 0.5 the body will become increasingly dominant and will alter the form of some
correction factors.  For values below 0.1 the fin will act increasingly as an isolated surface and the co
factors and centre of pressure position given assume the presence of a body with 
should also be noted that the method was developed for bodies of circular or nearly circular cross-
Section 4.2.2 discusses the effect of different cross-sections.  

The presence of jet-engine nacelles on the rear-body in the vicinity of the fin will cause some interference
of the flow over the tail assembly and hence affect the stability derivatives.  The magnitude of this effect
will depend on the size and position of the nacelles involved and no general prediction method is atte
In one particular case (from Derivation 30), for example, large nacelles mounted close to the fin cause
increase of –0.1 in  and +0.024 in .  The effect of rear nacelles on  is usually small enough
to be ignored.

TABLE 4.1 Range of Geometries

Body Wing Fin Tailplane*

0.1 to 0.5 2 to 11 1.0 to 5.0 0.5 to 5.5

1 to 1.15 0° to 60° 0 to 60° 0 to 60°

0.5 to –0.5 0 to 1 0 to 1

0.05 to 0.27 0.5 to 4
*The height of fin-mounted tailplanes is assumed to lie in the range .  The root chord 
of the tailplane is assumed to be of comparable magnitude to the local fin chord for fin-mounted 
tailplanes and to the fin root chord for body-mounted tailplanes.

2°± 5°±

hBF/ hBF hF+( )

hBF/ hBF hF+( ) 0.1≥

Yv( )
F

Nv( )
F

Lv( )
F

hBF / hBF hF+( ) AW AF AT

hBF /dBF Λ¼W Λ¼F Λ¼T

zW/hBW λF λT

SF /SW bT /hF

0.25 zT/hF 1≤ ≤
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4.2.2 Bodies of non-circular cross-section

An examination was made of the small number of experimental data (Derivations 2, 20, 23, 28, 29 and 31)
available for bodies with irregular, elliptical or near-rectangular cross-section (including square).  Th
results of this suggest that if a mean body diameter of  is substituted for  througho
method, then regardless of cross-sectional shape the stability derivatives for the fin are predicted 
overall accuracy comparable to that achieved for bodies of circular cross-section.  This was foun
where the elliptical cross-section had a value of  and the near-rectangular cross-section had
values  and 0.6 (Derivations 2 and 20).  However, in view of the small number of dat
available for comparisons, the method should be used with caution for such bodies and it sho
remembered that the wing-body contribution to  and  is strongly affected by the cross-sectional shape
as shown in Item No. 79006.  It is therefore recommended that use of the method be confined t
where  and that Item No. 93007 be used otherwise because its underlying theory 
a variation with . 

4.2.3 Dorsal fin extensions

Many fins have a small dorsal fin extension at the bottom of the fin leading-edge which runs forward
the top of the body, as shown shaded in Sketch 3.1.  These extensions are added to produce a vortex flow
over the lower part of the fin which grows in strength as the sideslip angle increases and maintains the fi
effectiveness at high angles of sideslip (above about 10°) where flow separation over the main pa
fin would otherwise result in a rapid loss of fin effectiveness.  (See Reference 40, for example.) The dorsal
fin has little effect on the lateral stability at low angles of sideslip where the associated vortex flow is we
and the experimental data studied suggest that it can be ignored provided area is less than about 

5. DERIVATION AND REFERENCES

5.1 Derivation

The Derivation lists selected sources of information that have assisted in the preparation of this Ite

Wind-tunnel Data
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Wind-tunnel investigation of effect of yaw on lateral-stabilit
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hBF dBF+( )/2 hBF

hBF /dBF 1.7=
hBF /dBF 1.7=

Yv Nv

0.8 hBF /dBF 1.2≤ ≤
hBF /dBF

SF
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Lv( )Γ

Nv Yv
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6. EXAMPLE

Calculate the fin component of the static lateral stability derivatives for the wing-body configuration s
in Sketch 6.1 with each of the three fin-tailplane arrangements shown in Sketch 6.2.  The fin and tailplane
planforms are unaltered as the tailplane position varies.

A Mach number of 0.8 and an angle of attack of 2° may be assumed.  The stability derivatives sh
based on a reference area  m2 and a span b = 45.0 m.

Sketch 6.1   

SW 320=
20
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Sketch 6.2   
21



82010�

,

 root
6.1 Calculate 

The basic lift-curve slope of the fin is calculated as described in Section 3.2.  The area of the basic trapezium
using the dimensions in Sketch 6.1, is given by Equation (3.5)

 

Using Equations (3.6) to (3.8), the straight-tapered wing produced by reflecting the trapezium about its
chord has an aspect ratio

and a half-chord sweep angle parameter defined by the equation

For a Mach number of 0.8, .

Using the values calculated for ,  and , Item No. 70011 gives

,

so  per radian.

6.2 Calculation of ,  and 

(i) For all three tailplane positions

Therefore, from Figure 1  in each case.

=

= 6.9 (7.9 + 4.3)/2 = 42.1 m2 .

=

= 2 × 6.92/42.1 = 2.26 ,

a taper ratio

=

= 4.3/7.9 = 0.54 ,

=

= .

,

and .

CLα( )
F

SF hF crF ctF+( )/2

AF 2hF
2
 /SF

λF ctF /crF

AF Λ½Ftan AF Λ¼F tan  
1 λF–

1 λF+
---------------

 
 
 

–

2.26 40° tan  
1 0.54–
1 0.54+
-------------------– 1.60=

1 M2–( )½ AF 1 0.82–( )½= 2.26× 1.36=

1 M2–( )½ AF AF Λ½Ftan λF

CLα( )
F 

/AF 1.33=

CLα( )
F

1.33 2.26× 3.01= =

JB JT JW

AF 2.26=

hBF / hBF hF+( ) 3.6/ 3.6 6.9+( ) 0.343= =

JB 1.13=
22
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(ii) For the body-mounted tailplane

Therefore, from Figure 2a .

For the tailplane mounted at the mid-fin position
 

Therefore, from Figure 2b .

For the tailplane mounted at the top of the fin

Therefore, from Figure 2b .

(iii) From the wing-body geometry

Therefore, for the body-mounted tailplane, Figure 3a gives  and for the two fin-mounted
tail-planes, Figure 3b gives .

6.3 Calculation of 

Substitution in Equation (3.1) of the basic fin lift-curve slope from Section 6.1 and the correction factors
from Section 6.2 gives

and  = 2 × 10.7/6.9 = 3.10 .

 = 3.10 

and .

 = 3.10 

and .

 = 1.3/6.0 = 0.22.

=

= – 1.13 × 1.12 × 1.07 × 3.01 × 42.1/320
= – 0.54 for the tailplane mounted on the body,

= – 1.13 × 0.98 × 1.13 × 3.01 × 42.1/320

= – 0.50 for the tailplane mounted at the mid-fin position, and

= – 1.13 × 1.30 × 1.13 × 3.01 × 42.1/320

= – 0.65 for the tailplane mounted at the top of the fin.

hBF / hBF hF+( ) 0.343=

bT /hF

JT 1.12=

bT /hF

zT /hF( )2 3.45/6.9( )2 0.25= =

JT 0.98=

bT /hF

zT /hF( )2 1.0=

JT 1.30=

zW/hBW

JW 1.07=
JW 1.13=

Yv( )
F

Yv( )
F

 JBJTJW CLα( )
F
 SF /SW–

Yv( )
F

Yv( )
F

23
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6.4 Calculation of Centre of Pressure Position

The centre of pressure position is determined as described in Section 3.6. 

For the body-mounted tailplane, Figure 4 gives .

For the tailplane mounted at the mid-fin position  and Figure 4 gives .  For the
tailplane mounted at the top of the fin  and Figure 4 gives .  

From Sketch 6.1,  m,  m and .  Therefore the moment arms of t
sideforce in directions perpendicular and parallel to the longitudinal body axis are, from Section 3.6, 

 m

and  m

for the body-mounted tailplane,

 m

and  m

for the tailplane mounted at the mid-fin position, and

 m

and  m

for the tailplane mounted at the top of the fin.

6.5 Calculation of  and 

The values of  and  are obtained by substituting the sideforce derivative from Section 6.3, the
moment arms from Section 6.4, and an angle of attack of 2° in Equations (3.2) and (3.3),

and .

Thus, 

and

for the body-mounted tailplane,

zF /hF 0.4=

zT /hF 0.5= zF/hF 0.473=
zT /hF 1= zF/hF 0.6=

mF 16.7= zcrF 2.8= Λ¼F 40°=

zcrF 0.85zF+ 2.8 0.85 0.4 6.9××+ 5.15= =

mF 0.7zF Λ¼Ftan+ 16.7 0.7 0.4 6.9 40°tan×××+ 18.32= =

zcrF 0.85zF+ 2.8 0.85 0.473 6.9××+ 5.57= =

mF 0.7zF Λ¼Ftan+ 16.7 0.7 0.473 6.9 40°tan×××+ 18.62= =

zcrF 0.85zF+ 2.8 0.85 0.6 6.9××+ 6.32= =

mF 0.7zF Λ¼Ftan+ 16.7 0.7 0.6 6.9 40°tan×××+ 19.13= =

Nv( )
F

Lv( )
F

Nv( )
F

Lv( )
F

Nv( )
F

 Yv( )
F

–  mF 0.7zF Λ¼Ftan+( ) αcos zcrF 0.85zF+( ) αsin+[ ]/b=

Lv( )
F

Yv( )
F
 zcrF 0.85zF+( ) α mF 0.7zF Λ¼Ftan+( ) αsin–cos[ ]/b=

Nv( )
F

0.54 18.32 2°cos 5.15 2°sin+[ ]/45.0 0.22= =

Lv( )
F

 0.54– 5.15 2° 18.32 2°sin–cos[ ]/45.0  0.054–= =
24
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and

for the tailplane at the mid-fin position, and 

and

for the tailplane at the top of the fin.

6.6 Summary

The values of the lateral stability derivatives for the three tail arrangements are summarised in Table 6.1.

TABLE 6.1 

Configuration

– 0.54
– 0.50
– 0.66

0.22
0.21
0.28

– 0.054
– 0.055
– 0.083

Tailplane mounted on body
Tailplane mounted at mid-fin position
Tailplane mounted at top of fin

Nv( )
F

0.50 18.62 2°cos 5.57 2°sin+[ ]/45.0 0.21= =

Lv( )
F

 0.50– 5.57 2° 18.62 2°sin–cos[ ]/45.0  0.055–= =

Nv( )
F

0.66 19.13 2°cos 6.32 2°sin+[ ]/45.0 0.28= =

Lv( )
F

 0.66– 6.32 2° 19.13 2°sin–cos[ ]/45.0  0.083–= =

Yv( )
F

Nv( )
F

Lv( )
F

25



82010�
FIGURE 1  BODY-FIN CORRECTION FACTOR
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FIGURE 2  TAILPLANE CORRECTION FACTOR
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a.  Tailplane correction factor for body-mounted tailplanes
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b. Tailplane correction factor for fin-mounted tailplanes
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FIGURE 3  WING CORRECTION FACTOR

zW

hBW

-0.5-0.4-0.3-0.2-0.10.00.10.20.30.40.50.6

JW

0.8

1.0

1.2

Low wing High wing

a.  Body-mounted tailplanes

−−− −−

zW

hBW

-0.5-0.4-0.3-0.2-0.10.00.10.20.30.40.50.6

JW

0.6

0.8

1.0

1.2

1.4

Low wing High wing

Note : see Section 3.5

b.  Fin-mounted tailplanes or tailplane absent

−−−−−
28



82010�
FIGURE 4  HEIGHT OF CENTRE OF PRESSURE POSITION OF LOAD DISTRIBUTION ON FIN
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