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CONTRIBUTION OF FIN TO SIDEFORCE, YAWING MOMENT AND ROLLING
MOMENT DERIVATIVES DUE TO RATE OF ROLL, (Y,). (Np. (L) INTHE
PRESENCE OF BODY, WING AND TAILPLANE

1. NOTATION AND UNITS (see Sketch.1)

The derivative notation used is that proposed in ARC R&M 3562 (Hopkin, 1970) and described in ltem
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, andL_, are often written a&Yp CnID ag in other systems of notation, but attention must be
paid to the reference dimensions used. In particular, in for@ipg C,,,,  Cgnd differentia@gn of

C,, andC, may be carried out with respecpbé?V notpb/V as implied in the Hopkin system. It is also

to be noted that a constant datum valu¥ of employed by Hopkin.

SI British
Ar effective aspect ratio of firiZhé IS
A; tailplane aspect raticy? /Sy
Ay wing aspect ratioh?/S,,
b wing span m ft
b tailplane span m ft
C rolling moment coefficient® /1/sz28Wb
C, yawing moment coefficienty /1/sz28Wb
CY sideforce coeﬁicientY/l/szZSW
Cot tailplane centre-line chord (in plane of symmetry) m ft
Cr fin root chord, see Sketdhl m ft
Cip fin tip chord, see Sketch1 m ft
he height of fin, measured from fin root chord in direction normalm ft
to longitudinal body axis, see Sketti
Ky Ky, Ky factors used in estimatir(g(p)F , see Sectidrisand3.2
L rolling moment Nm Ibf ft
Lp rl_c)lligg((;n;/?s)r}'i/gpe\;iéztti)\ée due to rate of roll,
p
(LD)F fin contribution toLp in presence of body, wing and tailplane

Issued April 1983
With Amendment A, March 1985
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(Lp)y

T *

tailplane contribution td_p in presence of body, wing and fin

distance of centre of pressure position of fin sideforce due tom
rate of roll, measured aft from centre of gravity position and
parallel to longitudinal body axis, see Secti@rikand3.2

free-stream Mach number

distance of fin root quarter-chord station aft of centre of gravityn
position, measured parallel to aircraft longitudinal body axis,
see Sketch.1

yawing moment N m

yawing moment derivative due to rate of roll,
Np = (0.4 19p)/%2pV S, b?

fin contribution toNp in presence of body, wing and tailplane

roll rate radian/s
fin area between fin root and tip chords, m?
he(c,g +¢p)/2, see Sketch.1

tailplane planform area m
wing planform (reference) area 2m
velocity of aircraft relative to air m/s
sideslip velocity m/s
sideforce N

sideforce derivative due to rate of rorq7 = (0Y/9p)/Y2pVGyb

fin contribution toYp in presence of body, wing and tailplane

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

distance of centre of pressure position of fin sideforce due tom
rate of roll, measured above and normal to longitudinal body
axis, see Sectiorts1and3.2

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

angle of attack radian

angle of sideslipsin—1(v/V) radian

ft

Ibf ft

radian/s

ft2

ft/s

ft/s

Ibf

ft

ft

ft

radian

radian



83006

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/m slug/fé

sidewash angle at fin due to rolling flight, positive when it radian radian
decreases sideslip angle atfigy, = — O

mean contribution t@  due to wing, see Secldh radian radian

effective change i due to changesin  and movement of firadian radian
relative to roll axis, see Secti@¥
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@ Centre of gravity position

Centre of pressure on fin

Longitudinal
body ox is'\_

Pyl
C

Vcos B \

) he Fin area S_ shaded

ZerF

z// Longitudinal body axis

8

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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2.1

INTRODUCTION

This Item gives a method for calculatqug{ ) (N )F, and (L the contributions of the vertical
stabilising fin of an aircraft to the S|deforce yawmg moment ano,:rolllng moment derivatives due to rate of
roll. The method is applicable for subsonic flight speeds when the flow over the aircraft is wholly subsonic
and fully attached. The tail assemblies covered are those where a single fin is located on top of the aircraf
rear body and in the plane of symmetry, with a tailplane, if present, mounted either on the fin itself or on
the rear body. The aircraft is assumed to be in the ‘clean’ configuration with no flaps or slats 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 DerivERjditsand20, 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 Der®sations
and>5, with the magnitudes of the corrections being deduced from comparisons with the wind-tunnel test
results given in Derivationsto 4, 6t09, 11to 15, 17 t0 19, 21 and22. A method for calculatingL ) ,

the contribution of the tailplane lop , Is also included in the Item.

The method is described in detail in Secti®biisee Sectior8.1 for (Y) (N ) , and (L )
Section3.1.2 for (L) ) The accuracy and applicability are assessed in Se@tmrm the baS|s of
comparisons with wmd tunnel data. The Derivation and References are given in Sesiba worked
example which illustrates the agreement between prediction and experiment is given in6Section

General Behaviour of Derivatives

As an introduction to the fin contributions to the roll rate derivatives, SkKatctlshows the total
(experimental) values c)f N a and the (experimental) fin contributions to these derivatives for
a wind-tunnel model tested Both with and without a wing (Deriva@)omhe sketch demonstrates the
important influence of the wing on the fin contributions, the interference being sufficient to change the sign
of the derivatives at low angles of attack. Note also that the fin contributign to is only a small part of
the total aircraft value, and so it is subject to more uncertainty than the other two derivatives when deduced
from fin-on and fin-off model tests. The method in this Item has therefore concentrated on preltlpgng ,
this being more important tha(lY ) in stability calculations. (The substantial non-linear variation with

a of the wing-on derivatives is attrlbutable to the contribution of the wing planform, as described in Item
No. 81014, Referenb.)
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Sketch 2.1 Typical variations of roll rate derivatives (Derivatior3)
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3. METHOD

3.1 General Equations
The equations required for predicting the fin contributions to the roll-rate lateral stability derivatives are
set out in this section, with Secti8ri.1discussing variations with Mach number and Se@idr2giving
the method for predicting the tailplane contribut(d)r&)T . Sectdohto 3.4 describe how the equations
have been developed.

The fin contributions are:

Sche(zE cos — £ sina)/b — dow/d(pbl/V) — 00,/d(pb/V) O
L,

(Yp)g = = (Kg +KyKy) wag G~ 7 (3.1)
(Np)g = —(Yp)F(ITé cost + z& sina)/b, (3.2)
and
(Lp)g = (Yp)e(ZE cosa — I sina)/b, (3.3)

where z_,’; andIT’:c are the coordinates of the centre of pressure position of the fin damping force, in
directions normal and parallel to the body longitudinal axis, respectively, see $ketch

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

and [E =mg+0.6hetan, ¢ . (3.5)

For tailplanes mounted on the fin

ZE =24 +{0.5n +0.22;—0.5n]} (3.6)
and Ig =mg+{0.5ng +0.22; 0.5} tanA, - . 3.7)

The factorsK; K, an#&, (see Sect®g) are given in Figuresato 1c. The factorK,; in Figuréais
a function of fin aspect ratié  and fin sweﬁg and represents the contribution of the vertical fin to
the fin damping. The factois,  aikd aIIowAi%r interference effects of the tailplane on the fin.

For fin-mounted tailplanek, is a function of the ratio of tailplane span to fin Hsight and fin sweep
/\1/ , and is given in Figuréb. The factorkK; is a function of the ratio of tailplane height to fin height
Zr fﬁ,:, and is given in Figuréc. The producK,K; is added 9,  to allow for tailplane interference,
which in the case of fin-mounted tailplanes increases the magnitude of the fin damping.

For body-mounted tailplang§,  has a constant value of —0.05. Tailplane height has no effect in this case
soK, is equal to 1 in Equati¢8.1)andK, is simply added t§; . In this case the tailplane interference
acts to reduce the magnitude of the fin damping.

Equationg3.4)to (3.7) that define the centre of pressure position of the fin in terms of the fin Hgight
the fin sweep\,,- and the tailplane height  (see Skethhare discussed in SectiGr2
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3.1.1

3.1.2

The geometric properties of the fin are defined in the same way as they are in Item No. 82010
(Reference6) for calculating the fin static lateral stability derivatives due to sideslip. Thus the fin tip chord
C;g is the chordwise distance between the leading and trailing edges of the fin at the maximum fin height.
The fin root chordc, -  is the chordwise distance between the leading and trailing edges of the fin at the
height where the fin quarter-chord sweep line intersects the top of the body (sed Skeidth any dorsal

fin extension to the fin leading-edge being ignored. The fin héight s the perpendicular distance between
the fin root and tip chords. The fin arBa is the area enclosed by the leading and trailing edges of the fin
(again ignoring any dorsal extension) and the fin tip and root chords, so that

S = Ne(cp +op)/2. (3.8)

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

A = 2hE IS (3.9)

The wing sidewash paramet@wyy/0(pb/V) in Equaidri) allows for interference between the wing
and fin (which has a large effect on the roll rate derivatives as illustrated in 3k@tdrhe wing sidewash
is discussed in Sectich3 and a constant value of 0.18 is substitutedmy,/d(pb/V) in EquEgian

The sidewash parametetc,/d(pb/V) in Equatit®hl) is given in Figure2 as a function of

[zt —(zf cosx — I¥ sina)]/b. It has been derived empirically from comparisons with a large number

of experimental data and it allows for changes in the sidewash that occur at the fin as  increases, and fo
changes in the fin effectiveness that may be expected to occur as the roll rate axis approaches and eventual
intersects the fin ag  increases. It is discussed further in S8ation

Mach number effects

Equationg3.1)to(3.3)have been derived from low speed data and contain no allowance for compressibility
effects. Examination of the experimental variations with Mach number that are given in Deri8atidns
to15and18show that up to about Mach 0.8 the effects of compressibility are usually small, causing changes
of about+0.01 in(Yp)F ,£0.004 in(Np)F and0.003 i(le)F . However, these changes do not occur

in a predictable manner and it is therefore recommended that the predictions of E¢84dt)dno$3.3) be

used at all subsonic Mach numbers for which the flow over the aircraft is wholly subsonic and fully attached.
Above Mach 0.8, and sometimes at lower Mach numbers depending on the aircraft configuration, the
appearance of shock waves or of flow separation can cause large changes in the roll rate derivatives, a
shown in Derivatiorl5 for example. Naturally, in such cases large departures from the predicted values
are to be expected.

Tailplane contribution

If the tail assembly includes a tailplane then this also provides a contribitign, L, to although this
is usually small. In the absence of the wing and body the theoretical predictions of Derit@tibés

and 20 show that isolated wing data provide a good estimate of the tailplane contribution, any interference
from the fin being negligible, see Sect®2.1 When the wing and body are present Derivaisnggests
that(Lp) can be estimated by calculat for the tailplane as an isolated wing and factoring the result
by 0.55;b2/S,,b? , where the factor 0.5 is included to account for the rotation of the flow produced by the
wing. (The other factors convert to the correct reference area and span.) ltem No. Aero A.06.01.01
(Reference23) provides suitable data for isolated wings. This estimate of the tailplane effect can
only be regarded as approximate but it has been adopted in several references, such asRefiramce

(LD)T is only a small part of the total value 'DE for an aircraft any errors involved in estimating its
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3.2

magnitude will not be important. However, its magnitude is significant when compa¢ke )p and it
should be added to the prediction of Equaf®i) when estimating the total effect of a tail assembly.

Derivation of FactorsK; ,K, andK,

The factorK; K, an#; have been developed by interpolating between the theoretical results reported
in Derivations10, 16 and 20 (which are restricted in scope, see Sec8c¢hl and by applying some
empirical corrections after comparisons with experimental data. In Derivafiphéand20the theoretical
spanwise loadings arising on an isolated fin and horizontal tailplane assembly (no body, no wing) rolling
about the fin root chord are calculated by using a finite-step technique in which the vertical and horizontal
surfaces are represented by a number of horseshoe vortices, and the roll rate derivatives are found b
integration of the loadings.

Sketch3.1shows typical predicted loadings for a fin with a tailplane situated either at the fin root or at the
top of the fin. The loading across the tailplane is antisymmetric and contribhtéas to bl)f[d’]Ot tcbp or

F
p
Tailplane at fin root Taitplane at top of fin

Sketch 3.1 lllustration 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 component and a
tailplane-fin interference component. The fin component is mainly a function of fin aspect ratio and varies
little with fin sweep angle. The tailplane-fin interference component depends on the ratio of the tailplane
span to the fin height. For tailplanes mounted high on the fin it is also very dependent on fin sweep. For
unswept fins, tailplanes mounted high on the fin cause a large increase in the fin damping which increases
with tailplane span, but this effect largely disappears for fins swept 45°. For tailplanes mounted at the fin
root, a (smaller) reduction in the fin damping is predicted, which is again less significant for swept fins
than for unswept fins. Tailplanes mounted at the fin mid-point have no effect. Comparisons with
experimental data confirm that configurations with tailplanes mounted high on the fin have high values of
roll damping consistent with the theoretical values, but for tailplanes mounted on the body better agreement
is achieved if the reduction in damping due to the tailplane-fin interference is assumed to be less than tha
predicted and independent of the fin-tailplane geometry.

Because the range of data in Derivati@0s16 and20 is limited (see SectioB.2.2 interpolations in fin

sweep angle between 0 and 45° and in tailplane height between fin root, mid fin and fin tip have been
necessary. Figurdsato 1cshows the values &€, K, amd,  that have been developed for general use.
The variation with fin sweep angle has been taken to be similar to that for the isolated wing lq[;ata on
given in Iltem No. Aero A.06.01.01 (Refereriz®. For fin-mounted tailplanes the variation K with
tailplane height has been chosen to give a reasonable increase in tailplane-fin interference as the tailplan
height on the fin increases, with the effect disappearing for tailplanes mounted below the fin mid-point.
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3.21

The factorsK; K, an&, inFigurésito1care based on fin area and height as reference dimensions.
Therefore, converting to the wing area and span the damping derNgtive at zero angle of attack, relative
to the fin root chord as roll axis, is given by

SeNe
(Yp)F = —(K; + K2K3)$. (3.10)
Thisis converted to the proper rolling moment axis at a distgnee below the fin root chord by multiplying
by z£ /(zf - z,p), so that
Sche 2
(Yo)e = —(K; + KyKy) — : (3.11)
i Swb (Z¢ —7¢p)
with (ND)F = - (YD)F I /b. (3.12)
and (LD)F = (YD)F Zt b (3.13)

These equations have been found to give a good prediction of the fin effect on the roll-rate derivatives in
the case of models tested without wings and at zero angle of attack, the situation to which the basic
theoretical data in Derivatiod®, 16 and20 apply most closely. The modifications that are made to allow

for the presence of the wing and for variations with angle of attack are discussed in Segtods.4.

The vertical location of the centre of pressure of the roll damping force on the fin has also been estimated
from the results presented in Derivatidris 16 and20, by considering values cb.fp /Yp . These indicate

that for tailplanes mounted at the root or at the top of the fin the centre of pressure position is at about 60
per cent of the fin height above the fin root chord. As the ratio of tailplane span to fin height increases there
is a predicted movement of the centre of pressure towards the fin tip for tailplanes at the fin root and towards
the fin root for tailplanes mounted at the top of the fin. However, a constant valuéhef has been
assumed for these two cases and this is also the value predicted for the fin alone. For tailplanes mounte
at the fin mid-point the centre of pressure position is also at the fin mid-point and a linear variation with
tailplane heigh{z; /h;) has been assumed to allow for variations between this and the O8bg of for
tailplanes at either extremity of the fin. The longitudinal position of the centre of gravity is determined by
assuming it lies on the fin quarter-chord sweep line. These results are summarised in E@u&litons

(3.7), where the distanceg  and- have been added to the longitudinal and vertical positions to correct
the moment arms to the aircraft centre of gravity position.

Fin-tailplane interference

The values of(Lp) predicted by the methods in Derivatib®s16 and 20, which arise from the
antisymmetric loadings illustrated in Ske®&H, are very close to those obtained by using the isolated wing
data in Item No. Aero A.06.01.01 (Refere2®, the experimental magnitudes being typically 10 per cent
higher for tailplanes mounted at the top of the fin and less than 5 per cent higher for tailplanes at the fin
root. This shows that to a good approximation the interference of the fin on the tailplane can be neglected,
and in the case where no wing is present the tailplane contribution can be estimated as for a wing in isolation
but as stated in Secti@l.2the presence of the wing reduces the tailplane contribution by about half.

10
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3.2.2 Note on data in Derivationd.0, 16 and 20

The data in Derivations0 and16 are restricted in scope. Derivatibd covers unswept and 45° sweptback

fin and tailplane assemblies for which the taper ratio of both surfaces is always equal to 0.5, with the fin
aspect ratio taking values of 1, 2 arlcadd the ratio of tailplane to fin aspect ratio being 1, 2 or 3 in each
case. The tailplane is positioned in turn at the foot, at the mid-point and at the top of the fin. In
Derivation10the root chord of the fin and the centre-line chord of the tailplane are equal, with the tailplane
centre-line quarter-chord point being located at the fin local quarter-chord point; thus for the case of
tailplanes mounted at the mid-point or top of the fin the tailplane extends forward of the fin leading-edge.
Derivation16 considers only unswept fins and tailplanes of taper ratio 0.5, with the fin aspect ratio equal
to 1, and with the ratio of the tailplane span to the fin height taking values of 4/3, 8/3 and 4. Tailplane
positions at the foot, the mid-point and the top of the fin are again considered, and in this case variations
of the ratio of the tailplane centre-line chord to the fin root chord from 0 to 1 are also treated for each
arrangement, with the centre-line quarter-chord point of the tailplane always coinciding with the local
quarter-chord point of the fin.

Derivation20recommends that the data in Derivatigitan be used to define a correction factor allowing

for variations of the ratio of tailplane centre-line chord to fin root choyg/c ¢ , for fin aspect ratios of
unity, and that in the absence of other information this correction factor can be applied at all fin aspect
ratios. This approach has been used to convert the data in DerivHliansl 16 to the more practical
situation where the tailplane centre-line chord is equal to the local fin chord prior to the analysis that has
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 vortices
associated with this loading give rise to a sideslip velocity distribution over the fin which opposes the
sideslip velocity due to the rolling of the fin itself. This is discussed in detail in Derivsaiodis illustrated

in Sketch3.2 If the mean effective sidewash angle at the centre of pressure of the rollingfijn is , then
at zero angle of attack the effect on the predicted roll rate deriVéF}ive is to reduce the moment arm in the
numerator of Equatio(8.11)from 2’,*: to(i’f:/b — dow/o(pb/V))b'.

Comparisons with experimental values(o‘[p)': a(NiI))F obtainedl at0 and the predictions of
Equations(3.11) and (3.12) modified in this manner indicate that good overall agreement between
prediction and experiment is obtained if a constant value of 0.18 is tak@ofgd (pb/V) . Attempts to
allow for variations of this parameter with aircraft geometry, using the method of Deriga®basis,

have been made but do not lead to any improvement in prediction.

Derivations3 and5 show from comparisons with experimental data that an adequate representation of the

wing effect on the fin characteristics is obtained by assuming that the wing sidewash term does not vary
with a , at least for an angle of attack ranging from 0 to 15° . The method in this Item follows this approach

and doy/d(pb/V) is therefore assumed to be invariant with both aircraft geometry and angle of attack.

T The aspect ratio of the isolated fin is half of that which would result from Equat8)ad these therefore correspondjo = 2 ,4and6.

11
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3.4

Roit axis

p Antisymmetric spanwise loading distribution
due to rolhing of wing

/ Y

Plane of trailing vortex sheet

Trailing vortex elements

Sidewash velocity distribution o Sidewash velocity
on fin due to wirg sidewash distribution on fin
generated by trauing vortices due to rolling

Sketch 3.2 lllustration of sidewash velocity distributions on fin for zero angle of attack and
unswept wing

Variations with Angle of Attack

Although the effect of the wing sidewash at the fin is assumed to be independent of the angle of attack,
Derivation3 shows from comparisons with experimental data, for both wing-on and wing-off models, that
at non-zero angles of attack a significantly improved representation of the flow at the fin is obtained when
allowance is made for the presence of a body sidewash term which increages with . Itis also to be expecte
that asa  increases and the fin approaches and intersects the roll axis then the contributions of the fin tc
the damping derivatives will alter when parts of the fin lie to either side of the roll axis.

A single parameteo, /d(pb/V) , has been introduced to incorporate both of these angle of attack effects,
so that at any angle of attack  the moment arm in the numerator of Eq@atibjthanges fronz#  to

[(Z= cosat — I£ sina)/b — dow/d(pb/V) — 86 /9(pbiV)]b

where the first term is simply a geometric effect. Equgtsoil)is then converted into Equati¢.1) and
Equations(3.12) and (3.13) become Equation$3.2) and (3.3) after the geometric substitutions of
(I cosx + z sina) for ¥ and g cosu—I sina ) forzt

Comparisons of the predictions of EquatigBdl) to (3.3) for a large number of experimental data have
enabled a simple estimate o0fdoy /0(pb/V) to be made which varies only with
[zt —(zf cosa —|* sina)]/b, as shown in Figurg, (a variation of body sidewash with this parameter

is suggested in DerivatioB). Despite the crudeness of this treatment of a complex interaction good
agreement with the experimental variation of the roll rate stability derivativesiwith  is obtained for many
different configurations for angles of attack up to about 15° or 20°, or until the appearance of flow separation

effects begins to make accurate predictions impracticable.

12
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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 indSketch
Generally,(Yp)F is predicted to withix0.03 a(le) , the most important derivative, to with@i5
The total contribution of the tail assembqyp)F + (LDFT , is generally predicted to withidil
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Sketch 4.1 Comparisons of experimental and predicted derivatives
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The variation of(Y,) ancﬂNp)F with angle of attack is usually predicted well for angles of attack up to
about 15° or 20° or until flow separation occurs. In most cases the level of accuracy achieve@ at is
maintained as  increases, although there is a slight worsening of prediction towards the higher angles of
attack. The variation of the tail assembly contributiob fo  is not predicted quite so well, but this is thought
to be partly due to the difficulty of identifying the small contribution of the tail assembly from fin-on and
fin-off experimental tests. Since the tail assembly contributes only a small part of the total aircraft value of
Lp, any shortcomings in the prediction are not significant.

Applicability

Comparisons with the experimental data in Derivatibts4, 6 t0 9, 11to 15, 17to 19, 21 and22 have

shown that the method provides satisfactory predictions of roll rate derivatives for a wide variety of
wing-body-tail geometries, for cases where no flaps or slats are deploye Tahimnmarises the range

of the more important parameters that have been covered. The method is applicable for subsonic flight
speeds up ttM = 0.8 provided the flow over the aircraft is wholly subsonic and fully attached, Separation
of the flow over the wing or tail will lead to poor agreement between the predicted and experimental
contributions of the tail assembly.

TABLE 4.1 Range of Geometric Parameters

Ay 15to7 Ac 1.6t04.3 Ar 1.8to4
A 0to 70° Nyp 0 to 50° Ny g 0 to 45°
A Oto1l )\F Oto1l )\T Oto1l
Zt /b 0.131t0 0.25| by /hc 2t03

I /b 0.22t00.75| zy /he 0.25t01
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6. EXAMPLE

Calculate the contribution of the tail assembly to the roll rate derivaﬁye&lp , L.and for the model

configuration in SketcB.1for the three wing positions shown, at angles of attack up to 20° . Compare the
results with the experimental data for this model that are given in Deridatidine wing reference area

Sy is 0.101 M and the reference span b is 0.873 m.

Centre of gravity for intermediate
ond fully-swept wings

Centre of gravity for least-swept wing

————— 0-417

& Centre of gravity positions

Dimensions in metres 0-254
—-| ‘——0-053
Area S,= shaded 0-2415 49° —
o 208L 0151
r
—_— 0-033

Sketch 6.1

From the dimensions given in SketeH, the fin root chord, tip chord, height and sweep are respectively,

C,g = 0.208m, ¢, = 0.053 m,hF = 0.151 m, and’\%,: = 49°
The fin area is obtained from Equati($8)

S = he(ep +¢p)/2

= 0.151(0.208 + 0.053)/2 = 0.0197m
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The fin aspect ratio is obtained from Equat(8r®)

2
=2x0.15%/0.0197 = 2.31.

Therefore from Figuréa, K, =0.81.
As the tailplane is body-mountel, = —0.05 akd=1

(Had the tailplane been fin-mounted,  would have been found from Higasea function 0f\1/4,: and
by /hg, andK; would have been found from Figlieas a function og; /h )

The centre of pressure position is calculated from Equa(®nd3$and(3.5). For the least-swept wing
me = 0.254 m andz, . = 0.033 m, so

ZE = Zo,p + 0,60
=0.083+0.6 x0.151=0.124m

and I,’:c = mF+0.6than/\1/4F
= 0.254+ 0.6x 0.15%tan 4% 0.358m.

The wing sidewash paramet@w,/0(pb/V) is, as discussed in S&Bdaken to be constant at 0.18.

The parametedao, /0(pb/V)  which allows for changes in sidewash due to changes of angle of attack is
obtained from Figur@ as a function of

[zE —(@E cosu — ¥ sina)]/b.

With z&¢ =0.124 m, I} =0.358 m andb = 0.873 m, Tablé.1 sets out the results obtained for
0<a<20°.

TABLE 6.1

o (deg) 0 4 8 12 16 20

[zt -z (cosu—I} sina)]/b 0 0.029 | 0.058| 0.088 0.119 0.149

00y /0(pb/V) 0 0.042 | 0.087| 0.136f 0.188 0.244

The derivatives{Yp)F (Np)F and_p)F are obtained from Equat{8ri9 to (3.3),

SFhFE(z_,*: cosn — E sina)/b — dow/d(pb/V) — day/d(pb/V)
S/VbD (Z_[é _Zch)/b |

(Np)g = -(Yp)F(E; cosu + z& sina)/b,

(YD)F = — (K{ +K,K5)

18
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and (Lo = (Yp)F(z_,; cosa — I* sina)/b .

The results of this are set out in Tablga

TABLE 6.2
o (deg) 0 4 8 12 16 20
. —1* <
o1 - E S| 0142 | 0133| 0084 0054 0028 -0.007
I¢_cos LZF 9| 0410 | 0.419| 0426 0431 0433 0.434
dow 0.18 | 0.18 | 0.18| 0.8 0.8  0.18
o(pb/V)
99 0 0.042 | 0.087| 0.13 0.188 0.244
o(pb/V)
(Yp)e 0.009 | 0.027| 0.045 0.065 0.085 0.106
(No)e -0.004 | -0.011| -0.019 -0.028 -0.037 -0.046
(Lp)e 0.001 | 0.003| 0.004 0.003 0.002 -0.001

The tailplane contribution tbp (l_p)T , Is estimated as discussed in S8cti@hy using Item No. Aero
A.06.01.01 (Referenc®s) to estimate a value &f,  as though for an isolated wing and reducing that value
by half to allow for the rotation of the flow produced by the wing. The tailplane in Skdtbhas an aspect

ratio Ay = 2.32, a quarter-chord sweefy,, ; = 52° and a taper rato= 0.12 . Assuming an
incompressible section lift-curve slopezit  for the tailplane, Item No. Aero A.06.01.01 gives an isolated
wing value opr = —0.09 based on the tailplane agga= 0.075 2 amd sparby = 0.417 m.

This is converted to a contribution to the airciagt through the equation
- 2 2
(LP)T = —0.09x 0.5 S;bs /S, b

=_-0.09 x 0.5 x 0.075 x 0.4470.101 x 0.873
= _0.008.

This is added thLp)F to estimate the total contribution of the tail assemb!y to

Sketch 6.2a shows the contribution$Yp)F (Np)F an(d_p)F+(Lp)T plotted agaiast for the
configuration with the least-swept wing. Experimental results from Derivat®rare shown for
comparison.

Sketche$.2band6.2cshow similar comparisons for the intermediate and fully-swept wings. In these two

cases the derivatives have been predicted using the true wing span and area and then converted to valu
based orf, = 0.101 fandb = 0.873 m.
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—————© Experiment
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Sketch 6.2a Least-swept wing
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O————0 Experiment

O————0 Experiment
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Sketch 6.2b Intermediate wing
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FIGURE 2 PARAMETER ALLOWING FOR EFFECTS OF ANGLE OF ATTACK AND BODY SIDEWASH
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