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CONTRIBUTION OF FIN TO SIDEFORCE, YAWING MOMENT AND ROLLING 
MOMENT DERIVATIVES DUE TO RATE OF ROLL, , , , IN THE 
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
No. 86021.  Coefficients and aeronormalised derivatives are evaluated in aerodynamic body ax
origin at the aircraft centre of gravity and with the wing span as the characteristic length.  The deri

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

 and  may be carried out with respect to pb/2V not pb/V as implied in the Hopkin system. It is als
to be noted that a constant datum value of V is employed by Hopkin.

SI British

effective aspect ratio of fin, 

tailplane aspect ratio, 

wing aspect ratio,  

wing span m ft

tailplane span m ft

rolling moment coefficient, 

yawing moment coefficient, 

sideforce coefficient, 

tailplane centre-line chord (in plane of symmetry) m ft

fin root chord, see Sketch 1.1 m ft

fin tip chord, see Sketch 1.1 m ft

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

m ft

factors used in estimating , see Sections 3.1 and 3.2 

rolling moment N m lbf ft

rolling moment derivative due to rate of roll, 

fin contribution to  in presence of body, wing and tailplane

Yp( )
F

Np( )
F

Lp( )
F

Yp Np Lp CYp Cnp Clp
CYp Cnp Clp CY

Cn Cl

AF 2hF
2 /SF

AT b2
T /ST

AW b2/SW

b

bT

Cl /  /½ρV2SWb

Cn 1  /½ρV2SWb

CY Y/½ρV2SW

c0T

crF

ctF

hF

K1 , K2 , K3 Yp( )
F

/

Lp
Lp ∂/ /∂p( )/½ρVSWb2=

Lp( )
F

Lp

Issued April 1983
1

With Amendment A, March 1985



83006�
tailplane contribution to  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 
parallel to longitudinal body axis, see Sections 3.1 and 3.2

m ft

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 

m ft

yawing moment N m lbf ft

yawing moment derivative due to rate of roll, 

fin contribution to  in presence of body, wing and tailplane 

roll rate radian/s radian/s

fin area between fin root and tip chords, 
, see Sketch 1.1 

m2 ft2

tailplane planform area m2 ft2

wing planform (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 due to rate of roll, 

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, see Sketch 1.1 

m ft

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 

m ft

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 

m ft

angle of attack radian radian

angle of sideslip, radian radian
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angle of sideslip at fin radian radian

fin quarter-chord sweep angle degree degree

tailplane quarter-chord sweep angle degree degree

wing quarter-chord sweep angle degree degree

ratio of wing tip chord to wing centre-line chord 

ratio of fin tip chord to fin root chord 

ratio of tailplane tip chord to tailplane centre-line chord 

density of air kg/m3 slug/ft3

sidewash angle at fin due to rolling flight, positive when it 
decreases sideslip angle at fin, 

radian radian

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

effective change in  due to change in  and movement of fin 
relative to roll axis, see Section 3.4

radian radian

βF

Λ¼F

Λ¼T
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λ

λF
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σW σ
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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 c

gravity position. The exact direction of the axis in the plane of symmetry is conventionally determined by considera
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 , , and , the contributions of the vertica
stabilising fin of an aircraft to the sideforce, yawing moment and rolling moment derivatives due to 
roll. The method is applicable for subsonic flight speeds when the flow over the aircraft is wholly su
and fully attached. The tail assemblies covered are those where a single fin is located on top of the
rear body and in the plane of symmetry, with a tailplane, if present, mounted either on the fin itsel
the rear body. The aircraft is assumed to be in the ‘clean’ configuration with no flaps or slats deploye
method is semi-empirical; it makes use of the theoretical calculations performed for isolated fin-ta
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 correcti
made in terms of the mean sidewash occurring at the fin in rolling flight, as suggested in Deriva3
and 5, with the magnitudes of the corrections being deduced from comparisons with the wind-tunn
results given in Derivations 1 to 4, 6 to 9, 11 to 15, 17 to 19, 21 and 22. A method for calculating ,
the contribution of the tailplane to , is also included in the Item. 

The method is described in detail in Section 3 (see Section 3.1 for , , and , and
Section 3.1.2 for . The accuracy and applicability are assessed in Section 4 on the basis 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 ,  and  and the (experimental) fin contributions to these derivativ
a wind-tunnel model tested both with and without a wing (Derivation 3). The sketch demonstrates th
important influence of the wing on the fin contributions, the interference being sufficient to change th
of the derivatives at low angles of attack. Note also that the fin contribution to  is only a small p
the total aircraft value, and so it is subject to more uncertainty than the other two derivatives when d
from fin-on and fin-off model tests. The method in this Item has therefore concentrated on predicting 
this being more important than  in stability calculations. (The substantial non-linear variation

 of the wing-on derivatives is attributable to the contribution of the wing planform, as described in
No. 81014, Reference 25.)
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Sketch 2.1   Typical variations of roll rate derivatives (Derivation 3)
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3. METHOD

3.1 General Equations

The equations required for predicting the fin contributions to the roll-rate lateral stability derivative
set out in this section, with Section 3.1.1 discussing variations with Mach number and Section 3.1.2 giving
the method for predicting the tailplane contribution . Sections 3.2 to 3.4 describe how the equations
have been developed.

The fin contributions are:

, (3.1)

, (3.2)

and 

, (3.3)

where  and  are the coordinates of the centre of pressure position of the fin damping fo
directions normal and parallel to the body longitudinal axis, respectively, see Sketch 1.1

For tailplanes mounted on the body or for cases where there is no tailplane 

(3.4)

and . (3.5)

For tailplanes mounted on the fin

(3.6)

and . (3.7)

The factors ,  and  (see Section 3.2) are given in Figures 1a to 1c. The factor  in Figure 1a is
a function of fin aspect ratio  and fin sweep  and represents the contribution of the vertica
the fin damping. The factors  and  allow for interference effects of the tailplane on the fin. 

For fin-mounted tailplanes  is a function of the ratio of tailplane span to fin height  and fin s
, and is given in Figure 1b. The factor  is a function of the ratio of tailplane height to fin heig
, and is given in Figure 1c. The product  is added to  to allow for tailplane interferen

which in the case of fin-mounted tailplanes increases the magnitude of the fin damping. 

For body-mounted tailplanes  has a constant value of –0.05. Tailplane height has no effect in th
so  is equal to 1 in Equation (3.1) and  is simply added to . In this case the tailplane interfere
acts to reduce the magnitude of the fin damping. 

Equations (3.4) to (3.7) that define the centre of pressure position of the fin in terms of the fin height
the fin sweep  and the tailplane height  (see Sketch 1.1) are discussed in Section 3.2.
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The geometric properties of the fin are defined in the same way as they are in Item No. 
(Reference 26) for calculating the fin static lateral stability derivatives due to sideslip. Thus the fin tip c

 is the chordwise distance between the leading and trailing edges of the fin at the maximum fin 
The fin root chord  is the chordwise distance between the leading and trailing edges of the fin
height where the fin quarter-chord sweep line intersects the top of the body (see Sketch 1.1), with any dorsal
fin extension to the fin leading-edge being ignored. The fin height  is the perpendicular distance b
the fin root and tip chords. The fin area  is the area enclosed by the leading and trailing edges o
(again ignoring any dorsal extension) and the fin tip and root chords, so that

. (3.8)

The effective aspect ratio of the fin is obtained for the straight-tapered wing formed by reflecting 
about its root chord, so that

. (3.9)

The wing sidewash parameter  in Equation (3.1) allows for interference between the win
and fin (which has a large effect on the roll rate derivatives as illustrated in Sketch 2.1). The wing sidewash
is discussed in Section 3.3 and a constant value of 0.18 is substituted for  in Equation (3.1). 

The sidewash parameter  in Equation (3.1) is given in Figure 2 as a function of
. It has been derived empirically from comparisons with a large num

of experimental data and it allows for changes in the sidewash that occur at the fin as  increases
changes in the fin effectiveness that may be expected to occur as the roll rate axis approaches and e
intersects the fin as  increases. It is discussed further in Section 3.4. 

3.1.1 Mach number effects

Equations (3.1) to (3.3) have been derived from low speed data and contain no allowance for compress
effects. Examination of the experimental variations with Mach number that are given in Derivations8, 12
to 15 and 18 show that up to about Mach 0.8 the effects of compressibility are usually small, causing ch
of about  in ,  in  and  in . However, these changes do not o
in a predictable manner and it is therefore recommended that the predictions of Equations (3.1) to (3.3) be
used at all subsonic Mach numbers for which the flow over the aircraft is wholly subsonic and fully att
Above Mach 0.8, and sometimes at lower Mach numbers depending on the aircraft configurati
appearance of shock waves or of flow separation can cause large changes in the roll rate deriva
shown in Derivation 15 for example. Naturally, in such cases large departures from the predicted v
are to be expected. 

3.1.2 Tailplane contribution

If the tail assembly includes a tailplane then this also provides a contribution, , to  althoug
is usually small. In the absence of the wing and body the theoretical predictions of Derivations 10, 16
and 20 show that isolated wing data provide a good estimate of the tailplane contribution, any inter
from the fin being negligible, see Section 3.2.1. When the wing and body are present Derivation 6 suggests
that  can be estimated by calculating  for the tailplane as an isolated wing and factoring the
by 0.5 , where the factor 0.5 is included to account for the rotation of the flow produced b
wing. (The other factors convert to the correct reference area and span.) Item No. Aero A.06
(Reference 23) provides suitable data on  for isolated wings. This estimate of the tailplane effec
only be regarded as approximate but it has been adopted in several references, such as Reference24. Since

 is only a small part of the total value of  for an aircraft any errors involved in estimatin
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magnitude will not be important. However, its magnitude is significant when compared to  
should be added to the prediction of Equation (3.3) when estimating the total effect of a tail assembly. 

3.2 Derivation of Factors ,  and 

The factors ,  and  have been developed by interpolating between the theoretical results r
in Derivations 10, 16 and 20 (which are restricted in scope, see Section 3.2.1) and by applying some
empirical corrections after comparisons with experimental data. In Derivations 10, 16 and 20 the theoretical
spanwise loadings arising on an isolated fin and horizontal tailplane assembly (no body, no wing)
about the fin root chord are calculated by using a finite-step technique in which the vertical and hor
surfaces are represented by a number of horseshoe vortices, and the roll rate derivatives are 
integration of the loadings. 

Sketch 3.1 shows typical predicted loadings for a fin with a tailplane situated either at the fin root or 
top of the fin. The loading across the tailplane is antisymmetric and contributes to , but not to  o

Sketch 3.1   Illustration of loading distributions on isolated fin and tailplane. Rolling about fin root. 

The theoretical predictions have been analysed by dividing the total damping into a fin componen
tailplane-fin interference component. The fin component is mainly a function of fin aspect ratio and
little with fin sweep angle. The tailplane-fin interference component depends on the ratio of the ta
span to the fin height. For tailplanes mounted high on the fin it is also very dependent on fin swe
unswept fins, tailplanes mounted high on the fin cause a large increase in the fin damping which in
with tailplane span, but this effect largely disappears for fins swept 45°. For tailplanes mounted at
root, a (smaller) reduction in the fin damping is predicted, which is again less significant for swe
than for unswept fins. Tailplanes mounted at the fin mid-point have no effect. Comparisons
experimental data confirm that configurations with tailplanes mounted high on the fin have high va
roll damping consistent with the theoretical values, but for tailplanes mounted on the body better agr
is achieved if the reduction in damping due to the tailplane-fin interference is assumed to be less t
predicted and independent of the fin-tailplane geometry. 

Because the range of data in Derivations 10, 16 and 20 is limited (see Section 3.2.2) interpolations in fin
sweep angle between 0 and 45° and in tailplane height between fin root, mid fin and fin tip hav
necessary. Figures 1a to 1c shows the values of ,  and  that have been developed for genera
The variation with fin sweep angle has been taken to be similar to that for the isolated wing data
given in Item No. Aero A.06.01.01 (Reference 23). For fin-mounted tailplanes the variation of  wit
tailplane height has been chosen to give a reasonable increase in tailplane-fin interference as the
height on the fin increases, with the effect disappearing for tailplanes mounted below the fin mid-p

Lp( )
F
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K1 K2 K3

Lp Yp Np
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Lp
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The factors ,  and  in Figures 1a to 1c are based on fin area and height as reference dimens
Therefore, converting to the wing area and span the damping derivative  at zero angle of attack,
to the fin root chord as roll axis, is given by

. (3.10)

This is converted to the proper rolling moment axis at a distance  below the fin root chord by multi
by , so that

, (3.11)

with /b. (3.12)

and /b. (3.13)

These equations have been found to give a good prediction of the fin effect on the roll-rate deriva
the case of models tested without wings and at zero angle of attack, the situation to which th
theoretical data in Derivations 10, 16 and 20 apply most closely. The modifications that are made to all
for the presence of the wing and for variations with angle of attack are discussed in Sections 3.3 and 3.4. 

The vertical location of the centre of pressure of the roll damping force on the fin has also been es
from the results presented in Derivations 10, 16 and 20, by considering values of . These indica
that for tailplanes mounted at the root or at the top of the fin the centre of pressure position is at a
per cent of the fin height above the fin root chord. As the ratio of tailplane span to fin height increase
is a predicted movement of the centre of pressure towards the fin tip for tailplanes at the fin root and 
the fin root for tailplanes mounted at the top of the fin. However, a constant value of  has
assumed for these two cases and this is also the value predicted for the fin alone. For tailplanes 
at the fin mid-point the centre of pressure position is also at the fin mid-point and a linear variatio
tailplane height  has been assumed to allow for variations between this and the value of 
tailplanes at either extremity of the fin. The longitudinal position of the centre of gravity is determin
assuming it lies on the fin quarter-chord sweep line. These results are summarised in Equations(3.4) to
(3.7), where the distances  and  have been added to the longitudinal and vertical positions to
the moment arms to the aircraft centre of gravity position.

3.2.1 Fin-tailplane interference

The values of  predicted by the methods in Derivations 10, 16 and 20, which arise from the
antisymmetric loadings illustrated in Sketch 3.1, are very close to those obtained by using the isolated w
data in Item No. Aero A.06.01.01 (Reference 23), the experimental magnitudes being typically 10 per c
higher for tailplanes mounted at the top of the fin and less than 5 per cent higher for tailplanes at
root. This shows that to a good approximation the interference of the fin on the tailplane can be ne
and in the case where no wing is present the tailplane contribution can be estimated as for a wing in i
but as stated in Section 3.1.2 the presence of the wing reduces the tailplane contribution by about ha
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 6. 
3.2.2 Note on data in Derivations 10, 16 and 20

The data in Derivations 10 and 16 are restricted in scope. Derivation 10 covers unswept and 45° sweptbac
fin and tailplane assemblies for which the taper ratio of both surfaces is always equal to 0.5, with
aspect ratio taking values of 1, 2 and 3† and the ratio of tailplane to fin aspect ratio being 1, 2 or 3 in e
case. The tailplane is positioned in turn at the foot, at the mid-point and at the top of the 
Derivation 10 the root chord of the fin and the centre-line chord of the tailplane are equal, with the tai
centre-line quarter-chord point being located at the fin local quarter-chord point; thus for the c
tailplanes mounted at the mid-point or top of the fin the tailplane extends forward of the fin leading
Derivation 16 considers only unswept fins and tailplanes of taper ratio 0.5, with the fin aspect ratio
to 1, and with the ratio of the tailplane span to the fin height taking values of 4/3, 8/3 and 4. Ta
positions at the foot, the mid-point and the top of the fin are again considered, and in this case va
of the ratio of the tailplane centre-line chord to the fin root chord from 0 to 1 are also treated fo
arrangement, with the centre-line quarter-chord point of the tailplane always coinciding with the
quarter-chord point of the fin. 

Derivation 20 recommends that the data in Derivation 16 can be used to define a correction factor allowi
for variations of the ratio of tailplane centre-line chord to fin root chord, , for fin aspect rati
unity, and that in the absence of other information this correction factor can be applied at all fin 
ratios. This approach has been used to convert the data in Derivations 10 and 16 to the more practical
situation where the tailplane centre-line chord is equal to the local fin chord prior to the analysis th
been carried out for this Item. 

3.3 Sidewash Due to Wing

In rolling flight an antisymmetric spanwise loading is generated over a wing, and the trailing vo
associated with this loading give rise to a sideslip velocity distribution over the fin which oppos
sideslip velocity due to the rolling of the fin itself. This is discussed in detail in Derivation 5 and is illustrated
in Sketch 3.2. If the mean effective sidewash angle at the centre of pressure of the rolling fin is 
at zero angle of attack the effect on the predicted roll rate derivative  is to reduce the moment ar
numerator of Equation (3.11) from  to .

Comparisons with experimental values of  and  obtained at  and the predictio
Equations (3.11) and (3.12) modified in this manner indicate that good overall agreement betw
prediction and experiment is obtained if a constant value of 0.18 is taken for . Attem
allow for variations of this parameter with aircraft geometry, using the method of Derivation 5 as basis,
have been made but do not lead to any improvement in prediction. 

Derivations 3 and 5 show from comparisons with experimental data that an adequate representation
wing effect on the fin characteristics is obtained by assuming that the wing sidewash term does n
with , at least for an angle of attack ranging from 0 to 15° . The method in this Item follows this app
and  is therefore assumed to be invariant with both aircraft geometry and angle of at

† The aspect ratio of the isolated fin is half of that which would result from Equation (3.9) and these therefore correspond to , 4 andAF 2=

c0T /crF

σW
Yp

z* 
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Sketch 3.2   Illustration of sidewash velocity distributions on fin for zero angle of attack and 
unswept wing

3.4 Variations with Angle of Attack

Although the effect of the wing sidewash at the fin is assumed to be independent of the angle of
Derivation 3 shows from comparisons with experimental data, for both wing-on and wing-off models
at non-zero angles of attack a significantly improved representation of the flow at the fin is obtained
allowance is made for the presence of a body sidewash term which increases with . It is also to be e
that as  increases and the fin approaches and intersects the roll axis then the contributions of t
the damping derivatives will alter when parts of the fin lie to either side of the roll axis. 

A single parameter, , has been introduced to incorporate both of these angle of attack 
so that at any angle of attack  the moment arm in the numerator of Equation (3.11) changes from  to 

where the first term is simply a geometric effect. Equation (3.11) is then converted into Equation (3.1) and
Equations (3.12) and (3.13) become Equations (3.2) and (3.3) after the geometric substitutions o

 for  and ( ) for .

Comparisons of the predictions of Equations (3.1) to (3.3) for a large number of experimental data ha
enabled a simple estimate of  to be made which varies only w

, as shown in Figure 2, (a variation of body sidewash with this paramet
is suggested in Derivation 3). Despite the crudeness of this treatment of a complex interaction 
agreement with the experimental variation of the roll rate stability derivatives with  is obtained for 
different configurations for angles of attack up to about 15° or 20°, or until the appearance of flow sep
effects begins to make accurate predictions impracticable. 

α
α

∂σα /∂ pb/V( )
α zF*

zF* α  lF*– αsincos( )/b  ∂σW/∂ pb/V( )  – ∂σα /∂ pb/V( )–[ ]b

lF* α  zF*
 αsin+cos( ) lF* zF*    α lF* αsin–cos zF*

∂σα /∂ pb/V( )
zF* zF* α  lF*– αsincos( )–[ ]/b

α
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4. ACCURACY AND APPLICABILITY

4.1 Accuracy

The overall accuracy of prediction in magnitude for the roll rate derivatives is summarised in Sket4.1.
Generally,  is predicted to within  and , the most important derivative, to within 
The total contribution of the tail assembly, , is generally predicted to within . 

Sketch 4.1   Comparisons of experimental and predicted derivatives
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F
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13



83006�
up to

 is
ngles of
ought

 and
alue of

ety of

ic flight
ration
ental

eed
A

ail
es

the
5°

on
del.

 to
The variation of  and  with angle of attack is usually predicted well for angles of attack 
about 15° or 20° or until flow separation occurs. In most cases the level of accuracy achieved at 
maintained as  increases, although there is a slight worsening of prediction towards the higher a
attack. The variation of the tail assembly contribution to  is not predicted quite so well, but this is th
to be partly due to the difficulty of identifying the small contribution of the tail assembly from fin-on
fin-off experimental tests. Since the tail assembly contributes only a small part of the total aircraft v

, any shortcomings in the prediction are not significant. 

4.2 Applicability

Comparisons with the experimental data in Derivations 1 to 4, 6 to 9, 11 to 15, 17 to 19, 21 and 22 have
shown that the method provides satisfactory predictions of roll rate derivatives for a wide vari
wing-body-tail geometries, for cases where no flaps or slats are deployed. Table 4.1 summarises the range
of the more important parameters that have been covered. The method is applicable for subson
speeds up to  provided the flow over the aircraft is wholly subsonic and fully attached, Sepa
of the flow over the wing or tail will lead to poor agreement between the predicted and experim
contributions of the tail assembly. 
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6. EXAMPLE

Calculate the contribution of the tail assembly to the roll rate derivatives ,  and  for the m
configuration in Sketch 6.1 for the three wing positions shown, at angles of attack up to 20° . Compar
results with the experimental data for this model that are given in Derivation 18. The wing reference area

 is 0.101 m2 and the reference span b is 0.873 m.

Sketch 6.1   

From the dimensions given in Sketch 6.1, the fin root chord, tip chord, height and sweep are respectiv

 m,  m,  m, and .

The fin area is obtained from Equation (3.8)
 

= 0.151(0.208 + 0.053)/2 = 0.0197 m2 .

Yp Np Lp

SW

crF 0.208= ctF 0.053= hF 0.151= Λ¼F 49°=

SF hF crF ctF+( )/2=
17
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The fin aspect ratio is obtained from Equation (3.9)

Therefore from Figure 1a, .

As the tailplane is body-mounted,  and .

(Had the tailplane been fin-mounted,  would have been found from Figure 1b as a function of  and
, and  would have been found from Figure 1c as a function of .)

The centre of pressure position is calculated from Equations (3.4) and (3.5). For the least-swept wing
 m and  m, so 

The wing sidewash parameter  is, as discussed in Section 3.3, taken to be constant at 0.18

The parameter  which allows for changes in sidewash due to changes of angle of a
obtained from Figure 2 as a function of 

.

With  m,  m and  m, Table 6.1 sets out the results obtained fo
.

The derivatives ,  and  are obtained from Equations (3.1) to (3.3), 

,

,

= 2 × 0.1512 / 0.0197 = 2.31.

= 0.033 + 0.6 × 0.151 = 0.124 m

and 

 m. 

TABLE 6.1 

(deg) 0 4 8 12 16 20

/b 0 0.029 0.058 0.088 0.119 0.149

0 0.042 0.087 0.136 0.188 0.244

AF 2hF 
2

/SF=

K1 0.81=

K2  0.05–= K3 1=

K2 Λ¼F
bT /hF K3 zT /hF

mF 0.254= zcrF 0.033=

zF* zcrF 0.6hF+=

lF* mF 0.6hF Λ¼Ftan+=

0.254 0.6 0.151 49tan××+= 0.358=

∂σW/∂ pb/V( )

∂σα /∂ pb/V( )

zF* zF* α  lF* αsin–cos( )–[ ]/b

zF* 0.124= lF* 0.358= b 0.873=
0 α 20°≤ ≤

α

zF* zF* α lF* αsin–cos( )–[ ]

∂σα /∂ pb/V( )

Yp( )
F

Np( )
F

Lp( )
F

Yp( )
F

 K1 K2K3+( )
SFhF

SWb
------------

zF* α  lF* αsin–cos( )/b  ∂σW/∂ pb/V( )  – ∂σα/∂ pb/V( )–

zF*   zcrF–( )/b
---------------------------------------------------------------------------------------------------------------------------------------------

 
 
 

–=

Np( )
F

 Yp( )
F

– lF* α  zF* αsin+cos( )/b=
18
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The results of this are set out in Table 6.2.

The tailplane contribution to , , is estimated as discussed in Section 3.1.2 by using Item No. Aero
A.06.01.01 (Reference 23) to estimate a value of  as though for an isolated wing and reducing that 
by half to allow for the rotation of the flow produced by the wing. The tailplane in Sketch 6.1 has an aspect
ratio , a quarter-chord sweep  and a taper ratio . Assuming
incompressible section lift-curve slope of  for the tailplane, Item No. Aero A.06.01.01 gives an is
wing value of  based on the tailplane area  m2 and span  m. 

This is converted to a contribution to the aircraft  through the equation

This is added to  to estimate the total contribution of the tail assembly to .

Sketch 6.2a shows the contributions ,  and  plotted against  for 
configuration with the least-swept wing. Experimental results from Derivation 18 are shown for
comparison. 

Sketches 6.2b and 6.2c show similar comparisons for the intermediate and fully-swept wings. In these
cases the derivatives have been predicted using the true wing span and area and then converted
based on  m2 and  m. 

TABLE 6.2 

 (deg) 0 4 8 12 16 20

0.142 0.133 0.084 0.054 0.023 –0.007

0.410 0.419 0.426 0.431 0.433 0.434

0.18 0.18 0.18 0.18 0.18 0.18

 0 0.042 0.087 0.136 0.188 0.244

0.009 0.027 0.045 0.065 0.085 0.106

–0.004 –0.011 –0.019 –0.028 –0.037 –0.046

0.001 0.003 0.004 0.003 0.002 –0.001

= – 0.09 × 0.5 × 0.075 × 0.4172 / 0.101 × 0.8732

= – 0.008. 

Lp( )
F

Yp( )
F

zF* α  lF* αsin–cos( )/b=

α

zF* α  lF* αsin–cos

b
-----------------------------------------------

lF* α zF*  αsin+cos

b
----------------------------------------------

∂σW

∂ pb/V( )
--------------------

∂σα
∂ pb/V( )
--------------------

Yp( )
F

Np( )
F

Lp( )
F

Lp Lp( )
T

Lp

AT 2.32= Λ¼T 52°= λT 0.12=
2π

Lp  0.09–= ST 0.075= bT 0.417=

Lp

Lp( )
T

 0.09 0.5 STbT
2 /SW b2××–=

Lp( )
F

Lp

Yp( )
F

Np( )
F

Lp( )
F

Lp( )
T

+ α

SW 0.101= b 0.873=
19
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Sketch 6.2a  Least-swept wing
20



83006�
Sketch 6.2b  Intermediate wing Sketch 6.2c  Fully-swept wing
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FIGURE  1a  FIN ROLL-DAMPING PARAMETER 

FIGURE 1b  TAILPLANE INTERFERENCE PARAMETER 

FIGURE 1c  TAILPLANE INTERFERENCE PARAMETER 
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FIGURE 2  PARAMETER ALLOWING FOR EFFECTS OF ANGLE OF ATTACK AND BODY SIDEWASH
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