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CONTRIBUTION OF FIN TO SIDEFORCE, YAWING MOMENT AND ROLLING
MOMENT DERIVATIVES DUE TO SIDESLIP, (Y,), (N,) (L), IN THE PRESENCE
OF BODY, WING AND TAILPLANE

1. NOTATION AND UNITS (see Sketchedl.1, 1.2and 1.3

The derivative notation used is that proposed in ARC R&M 3562 (Hopkin, 1970) and described in Item
No. 86021. Cefficients andaeronormalised 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 deratNgs
and L, are often written a8C./0B 9C, /0B  awod,/op @((B CnB any in other systems of
notation, but attention must be paid to thiemrence dimasions used and it is to be noted that a constant
datum value oV is employed in the Hopkin system.

Sl British
Ay wing aspect ratioh?/S,,,
Ap effective aspect ratio of fir2h,2: /SF , see Sect®ha
At tailplane aspect ratidﬁ ISy
b wing span m ft
b tailplane span m ft
(CLG)F lift-curve slope,dC, /oa , for straight-tapered wing of aspect radiarr? radiarr?
ratio Ag , taper ratio\p , half-chord sweep angig and
area2s: , estimated from Item N&0011 (Derivation 33), see
Section3.2
C rolling moment coefficient,%/l/szZSWb
C, yawing moment cefficient, A4 /1/szZSWb
Cy sideforce coefficient)(/l/szZSW
Cot tailplane cerre-line chord, in plane of symmetry through m ft
body centre-line
Ck fin root chord, see Sectidh2 m ft
Cip fin tip chord, see SectioB.2 m ft
CiT tailplane tip chord m ft
dge body width at fin root quarter-chord station m ft
hge body height at fin root quarter-chord station m ft

Issued April 1982
With Amendments A to C, April 1993
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body height at wing root quarter-chord station, see SKettch m

height of fin, measured from fin root chord imeatition m
normal to longitudinal body axis see Sect®A

sideforce correction factor allving for presence of body
sideforce correction factor alving for presence of tailplane
sideforce correction factor alving for presence of wing

rolling moment Nm

rolling moment derivative due to sideslip,
L, = (02/0v)/Y2pV§yb

fin contribution toL,, in presence of body, wing and tailplane

free-stream Mach number

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

yawing moment N m

yawing moment derivative due to sideslip,
N, = (0-410V)/Y2pV §,b

fin contribution toN,, in presence of body, wing and tailplane

fin area,hF(ch + ctF)/Z , see Seon 3.2 m
tailplane areab(Coy+ Ci)/2 A
wing (reference) area m
velocity of aircraft relative to air m/s
sideslip velocity m/s
sideforce N

sideforce derivativey,, = (0Y/9V)/2pVS,,

fin contribution toY,, in presence of body, wing and tailplane

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

ft

ft

Ibf ft

ft

Ibf ft

ft2
ft2
ft2

ft/s
ft/s

Ibf

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

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

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

angle of attack radian
angle of sideslip radian
fin quarter-chord sweemagle degree

fin half-chord sweep angle degree
tailplane quarter-chord sweep angle degree
wing quarte-chord sweep angle degree

ratio ¢, /ch
ratio ¢t / Cot

density of air kg/m

ft

ft

ft

radian
radian

degree
degree
degree

degree

slug/ft
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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 cavitse of gr

position. The exact direction of the axis in the plane of symmetry is conventionally determined by considerations of gadrbetty,
the axis being taken parallel to some convenient “horizontal” datum.
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Longitudinal body axis
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b. Planview
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NOTES (i)
(i) BB' indicates the fin root quarter-chord station,
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¢. View on 8B'

AreaSF is shown shaded.

defined by the plane normal to the longitudinal body
axis which passes through the point at which the fin
guarter-chord line intersects the body. The body
height and Width,hBF anaﬂBF , are defined at this
station.

(i) Fin chords are defined parallel to the longitudinal

body axis and fin, tailplane and body heights are
defined perpendicular to it.

Sketch 1.2 Fin and tailplane geometries for body-mounted tailplanes
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2 longitudinal body axis which passes through
! the point at which the fin quant-chord line
/ intersects the body. The body height and
——— = L width, hBF and dBF , are defined at this
station.
(i) Fin chords are defined parallel to the
longitudinal body axis and fin, tailplane and
c body heights are defined perpendicular to it.
oT
b. Planview
Sketch 1.3 Fin and tailplane geometries for fin-mounted tailplanes
2. INTRODUCTION
This Item gives a semi-empirical method for caIcuIat(Ng) (NV) , @ngl , the contributions of

the vertical stabilising fin of an @iraft to the sideforce, yang moment and roI'I:ng moment derivatives

due to sideslip, at subsonic speeds. The aircraft geometries covered by the method are those where a sing
fin is located on top of the aircraft rebody, and in the plane of symmetry, with the tailplane mounted
either on the fin itself or on the rear-body. The shape of the fin is assumed to approximate to a trapezium.
The method was developed for bodies with circular or nearly-circular cross-sections. It may be used, with
caution, for bodies with elliptical or nesectangular cross-sections by using a mean body diameter
provided that the body height to width ratio in the region of the fin is close to unity. Otherwise the method
of Item No. 93007 (Referen@9) that covers a wide range of body height to width ratios and both single
and twin fins should be used.
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2.1

The method was established on the basis of a large number of comparisons with the wind-tunnel data in
Derivationsl to 31, with the theoretical method given in Derivat&ibeing used to provide some guidance

on the effect of systematic variations of body, fin and tailplane geometrie=aim&here the experimental

data were sparse or highly sea#td. (Derivatior82 uses a potential-flow calculation to determine the
side-load distribution over body-fin-tailplane assemblies, see Settign

The predicted contributior(é(V)F (I,\IV)F a(lkjv)F include allowances forfertmrce between thmdy,

wing, tailplane and fin and represent the effect of adding a fin. In particular the additional load induced on
the body by the fin is taken into account. To estimate the total values of the stability derivatives for an
aircraft the predicted corirutions from the wing, body, nacelles and trailing-edge flaps must be added to
the fin contributions predicted hereiD, as described in Item No. 8201é&rgRe€38) for Y, andN, and

Item No. 81032 (Referen&) for L,, .

The method is described in detail in Sect®nThe accuracy and applicability, including comments on
body cross-section shape and dorsal fin extensions, are discussed in 8ecfitie Derivation and
References are given in Sectignand a worked example is given in Sectfon

Note on Method in Derivation32

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

the sideforce distributions.

The assumption of constant induced sidewash imposes a restriction on the planforms of the fin and the
tailplane, the twist of the tailplane and the shape of the body. As the aspect ratios of the tailplane and fin
become very small the condition of constant induced sidewash is satisfied whatever the shape of the fin
and tailplane, provided that thaye plane surfaces, that st of the tailplane tends to zero and that the

body tends to a cylindrical cross-section. The calculation is therefore exact in the limiting case of very
small fins and tailplanes and differences between any given arrangement and the constant induced sidewas
arrangement appear only when the aspect ratiotismall. However, DerivatioB2 suggests that at least
approximate calculations can be made even for arrangements of large aspect ratio wHtareheedi
between a given arrangement and the constant induced sidewash arrangement can be expected to t
appreciable. The method was therefore considered suitable for use in this Item to obtain smooth variations
through scattred data and to pvide guidance in areas where theerevfew data, mvided experimental

data were used as a check on magnitudes.

Contributions from the tailplane in addition to the interference effects considered in this Iltem are discussed in Itemi N®e&atri
3.2.2) and Item No. 81032. They are generally small enough to be neglected. If the tailplane has a large dihedralMog8d @@gh
describes how the small tailplane-dihedral componelhtvof can be calculated using the isolated wing data in Iltem No. Ae@3A.06.0
(Reference 35).
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3.

3.1

3.1.1

3.1.2

METHOD

General Description

Sideforce derivative(YV)F

The derivative(Y,)_ is calculated by applying a series ofexdon factors to a basic lift-curve slope,
(CLO()F, estimated for the fin. The correction factors allow, separately, for the presence of the body,

tailplane and wing and are denotedly J;, apd respectively. The deri(JéJ)\ge is given by
(YV)F = - ‘]B‘]T‘]W(CLO()FSF/S\N' (3.1)
The establishment of the fin geometry and the caIcuIatidﬁ:Q&)F are described in Szt the

interference factor§B It an];jN are described in Sec8@t® 3.5, respectively.

Yawing moment and rolling moment derivatives(NV)F aanLV)F

The derivatives(NV)F an(iLV)F are calculated by estimating an approximate centre of pressure position
for the sideforce generatin@{V)F and thence determining the yawing and rolling moments produced
relative to the centre of gravity position. Secti® describes how the centre of pressure position is
calculated by initially considering a simple spanwise loading distribution over the fin and then applying
two numerical constants to modify the vertical and longitudinal moment arms in order to improve the
accuracy of prediction ofN, ) and.,) . The effect of the numerical constants is to allow empirically
for the division of the sideforce between the fin and the body. The centre of pressure position of the fin
loading is expressed in terms of its height ~ perpendicularly above the fin root chord and its longitudinal
distancezg tan/\,, aft of the fin root quarter-chord station. The numerical constants modify these
distances to 0.8% and @7 tan\,,r . Relative to the centre of gravity position the moment arms of the
sideforce in directions perpendicular and parallel to the longitudinal body axis beggme).85¢ and
mg +0.7Zctan/\,, - respectively. In the aerodynamic body axis system the yawing and rolling moment
derivatives are therefore

(Ny)g = = (Y,) [ (Mg + 0.72tanA, ) cosat + (7, +0.852F) sinal] /b (32)

crF
and

(Ly)g = (Yy) el (Zop +0.85%) cost — (Mg + 0.72tanA, ) sinal] /b . (3.3)

At low values ofa , since the resolved component of the longitudinal moment arm is usually much greater

than the resolved component of the vertical moment éNp),F can normally be approximated by
(NV)F = - (YV)F(mF +0.7Zctan/\, g)/b. (3.4)
No such simplification is possible in the case(lq;)F since the resolved components of the moment arms

are of comparable ngaitudes.
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3.2

Fin Geometry and Lift-curve Slope

To calculate the basic lift-curve slope of the ﬁ@La)F , the actual fin is represented as a trapezoidal panel.
This is then considered to form half of a straight-tapered wing for which a lift-curve slope can be evaluated
from Item No. 70011 (Derivatio83).

The trapezoidal panel is defined by the leading and trailing edges, the tip chord and the root chord of the
fin. Sketchesl.2 and1.3 show the trapezoidal panel shaded. Note that the fin chords and heights are
defined parallel and perpendicular to the longitudinal body axis. Any extension to the fin leading-edge in
the vicinity of the body junction by means of a dorsal fairiagd any curvature of the fin tip are ignored

by extending the fin leading-edge linearly into the body and to the maximum fin height, as shown in Sketch
3.1 The fin panel tip chord;,- , is the chordwise distance between the leading and trailing edges of the
fin at the maximum height. The fin panel root choeg: , is the chordwise distance between the
(extrapolated) leading and trailing edges of the fin at the height where the fin quarter-chord sweep line
intersects the top of the body. The plane normal to the longitudinal body axis and passing through this
point of intersection defines the fin root quarter-chord station, The fin hdight, , iIs the perpendicular
distance between the fin root and tip chords. The fin &ea, ,isthe area enclosed by tharjifedidiag

and trailing edges, the fin tip chord and the fin root chord, so that

S = he(Crp +CE)/2. (3.5)

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

Ap

2
2hp 1S, (3.6)
a taper ratio

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

[L-A0
AptanA,,r = AgtanA, o — +)\FE. (3.8)
The lift-curve slope predicted for such a wing by Item No. 70011, and based on tt&Sarea , is used as

the basic lift-curve slope of the fi(rCLO()F . Equatighl)corrects to the half+ing areaS- appropriate
to the fin. The data in Item No. 70011 allow for compressibd#ffgcts andCLa)F should be calculated
for the free-stream Mach number of interest.

" The effect of dorsal fairings on the stability derivatives is discussed in Séc2i@n
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3.3

3.4

Longitudinal body axis

Dorsal fin extension shown shaded

Sketch 3.1 Definition of fin leading edge
Body-fin Correction Factor

The correctiorfactor J5 allows for theeffect of the body on the basic fin lift-curgiope and is given in
Figurel. Itis presented as a functiontef /(hg+ hg) ahd  whgge is the body height at the fin
root quarter-chord station arigt  is the fin height. It was obtained by comparing experimental values of
(YV)F for body-fin combinations with the values ((ﬁLO()F calculated as described in S@iofhere

was good agreement between the theoretical valuég of predicted by the method in D&ation

the values deduced from the experimental data, although the latter were subject to significant scatter.
Therefore, smooth variations through the experimental data were obtained by following the predicted trends
with hg/(hge+hg) and A and applying empirical corrections in magnitude to improve the overall
accuracy.

Tailplane Correction Factor

The correction factod; allows for the interference effect of a tailplane on the sideforce derivative. It is
given in Figure2a for body-mounted tailplanes and in Fig@tefor fin-mounted tailplanes. Figuia
presentsd; asafunctionbf/(hge+he) abd/he  embb isthe tigplane span. Figurgb presents

J; as afunction oby /hg  and; /h , wheegg s the height of the intersection of the tailplane with the
fin, measured from the fin root chord. The Figures were developed by comparing experimental values of
(Y,) for configurations tested both with and without a tailplane. Most of the data studied were for
tailpranes with spans in the ran@ecb; /hp<4 , which enabled the curves in Fauaesd2b to be
established for tailplanes of this size. Comparisons with the valugs of predicted by the method of
Derivation32were used to obtain a smooth variation visth'h and, in Figayeithhg - /(hg+he) .

Only a few experimental data were available for tailplane spans ittt = 1 and 0.5 but these
confirmed the trends predicted. The curvesathe = 0.25 should be regarded as tentative and are
included to provide a smooth variation intp = 1

For body-mounted tailplanes the theoretical calculations and the experimental data from which values of
J; could be obtained were limited to configurations with tailplanes mounted on or near the local body
centre-line. Some caution is therefore necessary when using the method for tailplanes mounted high on
the body close to the fin-body junction. However, in the absence of other information, the valyes of
given in Figure2a should be employed for all body-mounted tailplanes. For fin-mounted tailplanes the
height of the tailplane is assumed to lie in the ra0g#s<z;/hp<1 , Which covers most practical
arrangements.

10
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3.5 Wing Correction Factor

The correction factod,,, allows for inference between the wing and thady-fin-tailplane assembly. It

is given in Figure3a for configurations with body-mounted tailplanes and in Figbréor configurations

where the tailplane is fin-mounted or absent. In both cages is a function of the wing height, expressed
aszy, /hgyy , the ratio of the distance of the wing root quarter-chord point from the local body centre-line
to the body height at the wing root quarter-chord station, see Skdich

There was no theoretical method available for prediclig and Figarasd3b were produced solely

from an examination of the experimental data in Derivatiotms31. A small number of data (Derivations

2, 3,5, 11 and14) were available in which a configuration was tested with a wing in a high, a middle and

a low position, other parameters remaining constant. Comparing the val(i¢g of for the high- and
low-wing configurations with the value for the corresponding mid-wing configuration enabled estimates
of J,y to be made for values hBN between 0.35 and 0.40. Efforts were made to establish the variation
of J,y at other values ot /hg,, by comparing the experimental valu¢¥,) for complete models
with the predictions resulting from Equati¢d.1) with J,,, = 1. These confirmed the general trends
apparent from the systematic tests and the curves shown are mean values drawn through the experiment:
data. The general scatter of the datarded theJ,,, curves was abo#D.1 , and in one or two cases
comparisons with the data for complete models suggested larger departures. There were no data for wing:
displaced only slightly from the mid-wing position and the shapes of the curves in the regions
-0.3<z,/hg\,< 0.1 in Figure3a and-0.2< z,/hg\,,< 0.2 in Figur8b are based on interpolation between

the experimental data and the mid-wing value of unity. Some cautiorré$dateenecessary when taking
values ofJ,,, from Figure8a and3b. In particular, undue reliance should not be placed on the predicted
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 representation of
the point of action of the fin sideforce for the purposes of calcul(iNI()q: (LE\\;)Q . Ithas been obtained
by first calculating a position based on simple assumptions concerning the loading on the fin and then
applying two numerical correction factors to the vertical and longitudinal positions in order to improve the
overall agreement between the predicted and experimental vaI(Lm\g) f (L ;arp . The scatter between
the experimental and predicted values(tﬁ\;) is too great (see Sedt)dn warrant a more elaborate
treatment since it would lead to little |mprovement in accuracy.

The centre of pressure position associated with the loading on the fin is expressed in terms of its height
perpendicularly above the fin root chos}, , and its longitudinal distance aft of the fin root-pinarte

station Z,:tan/\1 , the sideforce being assumed to act on the fin quarter-chord line. For body-mounted
tailplanes, or when the tailplane is absent, a half-wing elliptical spanwise loading over the fin is assumed,
and this gives a vertical centre of pressure position at approximately 40 per cent of the fin.beagt#,
distance 0.4 above the fin root chord. When the tailplane is mounted on the fin the parts of the sideforce
acting on the fin above and below the tailplane are considerachsely, and a halfring elliptical spanwise

loading is assumed over the fin extent to either side of the tailplane. This gives a centre of pressure position
for each part of the sideforce which is at approximately 40 per cent of the fin extent to either side of the
tailplane. Therefore the fin load above the tailplane acts at a distamr@4(hg—2z7) above the fin root
chord, and the fin load below the tailplane acts at a distan(ze 0.6 above the fin root chord. The overall
centre of pressure position is obtained by assuming that the magnitudes of the loads above and below the
tailplane are in the same ratio as thedfieas bove and below the tailplane, and by taking moments about

the fin root chord. Figuré shows the result of this calculation for a fin wkp = 0.6, presentjity

as a function of{/h . Comparisons with a large number of experimental data covering fin taper ratios in
the ranged.25< A <1 have shown that the variatiozof ~ with tailplane height given in Bigarebe

used for any taper ratio in this range with no loss of accuracy. This is because any change due to varying

11
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the taper ratio can have only a sneffect on the overall moment arms téla to the centre of gravity
position, particularly in the case (xT\IV)F

Examination of the experimental data in Derivatitrig 31 and the values predicted f(NV)F a(tq,)F

on the basis of the vertical and longitudinal moment ai,t_ns ?gmh/\% , corrected to the centre of
gravity position, showed that the magnitudes{N@)F eir\gF were slightiyestimated in general

and that improved predictions were obtained if two numerical constants were introduced to reduce the
moment arms. These constants may be considered as empirical corrections to allow for the fact that par
of the sideforce is carried on the body and acts below the fin root chord, with a point of action which is
near to the fin root quaat-chord stdon and not on the fin quant-chordline. Relative to the centre of
gravity position the modified moment arm®z, - + 0.85% andmg+0.7z-tan/\, - With Z_ taken from
Figured). Although they are based on a simple treatment of the body-fin-tailplane loading, comparisons
with experimental data for a wide range of configurations have shown that these arms provide a suitable
basis for calculations of lateral stability. EquatigB2) and(3.3) in Section3.1.2show how they are
combined With(YV)F and the angle of attawk  for predicﬁNg)F @ry)F in the aerodynamic body
axis system.

12
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4.

4.1

ACCURACY AND APPLICABILITY
Accuracy

Sketchegl.1to4.3illustrate the general level of agreement between the predicted and experimental values
of (YV)F, (N,) and(LV)F . The values (Qf{V)F are generally predicted to witBii®8 and the values

of (N,) - towithin+0.04. There is relatively greater scatter between the predicted and experimental values
of (LV)F . This is partly due to the fact that the experimental valueg of  are sometimes less easy to define
in terms of an idealised linear variation of rolling moment with angle of sideslip than is the case when
defining Y,, andN,, from sideforce and yawing moment data. It also reflects the fact that because of the
smaller magnitude ot,, and its greater dependence on angle of attack the identification of the fin
contribution from experimental data is subject to higher errors. Overall the val(le\g)lpf are generally
predicted to withint0.02 .
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4.2

42.1

Applicability
General

The method is applicable to conventional aircraft in the cruise (clean) configuration at small angles of attack
and sideslip where there is an essentially linear variation of the sideforce, yawing moment and rolling
moment with the angle of sideslip. In practice, because of departures from a linear variation, static lateral
stability derivatives are defined from experimental data over a small range of sideslip angles about 0,
typically betweent2° o&5° . The derivatives predicted by the method in this Item are consistent with
this approach. The experimental data in Derivatibrie 31 suggest that at angles of attack and lift
coefficients representiae of cruise conditions low-wing and mid-wing@iaft tend to mimtain a linear
variation of sideforce, yawing moment and rolling moment for sideslip angles approaching 10°. The data
for high-wing aicraft often start tehow some departure from a linear variation between 5° and 10° of
sideslip, with the magnitudes of the sideforce, yawing moment and rolling moment sloxelysimg).

Almost all of the data studied were from wind-tunnel tests carried out at low speeds and the method
introduces compressibility effects only through the basic fin lift-curve slope estimated from Item No. 70011.
However, a few experimental data (Derivatidris 18, 22, 23 and25) were available for configurations

tested at Mach numbers of 0.6 and 0.8 and in these cases the stability derivatéspsedictedvith an
accuracy comparable to that for the low-speed data. It is therefore suggested that the method can be use
generally for subsonic free-stream Mach numbers, provided that the flow over the configuration is fully
attached and wholly subsonic.

The range of configuration geometries considered is illustrated in Zablevhere the more important
parameters are listed. The method should only be used with caution for configurations which depart
significantly from these. In particular, the rangehgf/(hg+hg) should be noted. For values of this
parameter above 0.5 the body will become increasingly dominant and will alter the form of some of the
correction factors. For values below 0.1 the fin will actincreasingly as an isolated surface and the correction
factors and centre of pressure position given assume the presence of a bdgyihh - +h-)>0.1 Lt
should also be noted that the method was developed for bodies of circular or nearly circular cross-section.
Section4.2.2discusses the effect of different cross-sections.

The presence of jet-engine nacelles on the rear-body in timétyiof the fin will cause some interference

of the flow over the tail assembly and herfect the staitity derivatives. The magnitude of thigfect

will depend on the size and position of the nacelles involved and no general prediction method is attempted.
In one particular case (from DerivatiBf), for example, large nacelles mounted close to the fin caused an
increase of -0.1igY, ) and +0.024(NV)F . The effeceaf nacelles o(i_V)F issually small enough

F
to be ignored.

TABLE 4.1 Range of Geometries

Body Wing Fin Tailplané
hge/(hge+hg) 0.1t0 0.5 Ay 2to 11 Ac 1.0t05.0] A 0.5to 55
hgg /dgg 1t01.15 | Ay 0°t0 60° | Ay 0 to 60° N7 0to 60°

S /Sy 0.05t00.27 by/hg 05to4
"The height of fin-mounted tailplanes is assumed to lie in the révafe z;/h <1 . 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.

15
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4.2.2 Bodies of non-circular cross-section

An examination was made of the small number of experimental data (DerivatRh23, 28, 29 and31)

available for bodies with irregular, elliptical or ngactangular cross-section (including square). The
results of this suggest that if a mean body diametgngf + dg-)/2 is substitutiegfor throughout the
method, then regardless of cross-sectional shape the stability derivatives for the fin are predicted with an
overall accuracy comparable to that achieved for bodies of circular cross-section. This was found even
where the elliptical cross-section had a valubgd /dg = 1.7 and theneetagular cross-section had
valueshgp /dge = 1.7 and 0.6 (Derivatiorisand20). However, in view of the small number of data
available for comparisons, the method should be used with caution for such bodies and it should be
remembered that the wirtlgpdy contributiontdr,, antl, is strongiffected by the ass-sectional shape,

as shown in Item No. 79006. It is therefore recommended that use of the method be confined to cases
where0.8< hg /dz<1.2 and thatltem No. 93007 be used otherwise because its underlying theory allows
a variation withhg - /dgp .

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 along
the top of the body, as shown shaded in Sk&tth These extensioree added to produce a vortex flow
over the lower part of the fin which grows in strength as the sideslip angéages and maintains the fin
effectiveness at high angles of sideslip (above about 10°) where flow separation over the main part of the
fin would otherwise result in a rapid loss of fin effectiveness. (See Refet@nfoe example.) The dorsal
fin has littleeffect on the lateral stdly at low angles of sideslip where the associated vortex flow is weak,
and the experimental data studied suggest that it can be ignored provided area is less than &pout 0.15
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6. EXAMPLE

Calculate the fin component of the static lateral stability derivatives for the wing-body configuration shown
in Sketch6.1with each of the three fin-tailplane arrangemeshiswn in Sketclé.2 The fin and tailplane
planforms are unaltered as thdgkine position varies.

A Mach number of 0.8 and an angle of attack of 2° may be assumed. The stability derivatives should be
based on a reference ar§g = 320 2and a spab=45.0 m.

|

& Centre of gravity position

All dimensions in metres

45

60 - S

Section through wing root quarter-chord point

69

/ﬁ I - e 1.
\

7-9

Longitudinal
body axis

16-7

Sketch 6.1
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Sideview

a. Tailplone mounted on body

10-7

Sideview

b. Tailplane mounted at mid- fin

69

2:8

o

10-7

Sideview

Al
: 1F§ ; ;
=

c. Tailplane mounted at top of fin

Sketch 6.2

69

View on BB

69
3-45

36

View on BB'

6-9

3-6

View on BB'
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6.1

6.2

Calculate(CLa)F

The basic lift-curve slope of the fin is calculated as described in S8cfiohhe area of the basic trapezium,
using the dimensions in Sket6ll, is given by Equatio(3.5)

S = he(Cp +cp)/2
=6.9(7.9+4.3)2=42.1%

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

— 2
Ar = 2ht IS

=2x6.9/42.1=2.26,
a taper ratio

Ap = Gl

=4.3/79=0.54,

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

L-ApD
A-tan\ = —
E o AFtan/\%F +)\FE
_ 1-0.54 _
= 2.26tan40 — 14054 1.60.

For a Mach number of 0.81-M2)*2 Ac = (1-0.8%)"x 2.26 = 1.36

Using the values calculated f¢1 —M?2)”2 A. ActanA,,  akd , Item No. 70011 gives

(CLa)g /AF = 1.33,
S0 (CLO()F = 1.33x 2.26= 3.01 per radian.

Calculation ofJB I andJW

® For all three tailplane positions

A = 2.26,
and  hg/(hge+hg) = 3.6/(3.6+ 6.9 = 0.343,

Therefore, from Figuré Jg =113 in each case.
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(i) For the body-mounted tailplane
hgg /(hge+hg) = 0.343
and b /h. =2x10.7/6.9 =3.10.
Therefore, from Figur@a Jr=112.
For the tailplane mounted at the mid-fin position
by /he =3.10
and (7 /h.)2 = (3.456.9)2 = 0.25.
Therefore, from Figuréb J; =0.98.
For the tailplane mounted at the top of the fin
by /he =3.10
and  (z;/hg)? = 1.0.
Therefore, from Figuréb J+ = 1.30.
(i) From the wing-body geometry

Zy /gy = 1.3/6.0 = 0.22.

Therefore, for the body-mounted tailplane, Figgagivesl,,, = 1.07 and for the two fin-mounted
tail-planes, Figuréb givesJ,, = 1.13 .

Calculation of (YV)F

Substitution in EquatiofB.1) of the basic fin lift-curve slope from Secti6ril and the correction factors
from Section6.2 gives

(Y = = Ie3rddCLas S /Sw
=-1.13x1.12 x 1.07 x 3.01 x 42.1/320
= — 0.54 for the tailplane mounted on the body,
(YV)F =-1.13x0.98 x 1.13 x 3.01 x 42.1/320
= — 0.50 for the tailplane mounted at the mid-fin position, and
(YV)F =-1.13x1.30 x 1.13 x 3.01 x 42.1/320

= — 0.65 for the tailplane mounted at the top of the fin.
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6.4

6.5

Calculation of Centre of Pressurd?osition
The centre of pressure position is determined as described in S&étion
For the body-mounted tailplane, Figutgivesz. /hp = 0.4 .

For the tailplane mounted at the mid-fin positeyvh = 0.5 and FiggwesZ:/h = 0.473 . Forthe
tailplane mounted at the top of the in/hp = 1 and FiguggvesZ:/h- = 0.6 .

From Sketch6.1, mg =167 m,z,- =28 m and/\%F = 40° . Therefore the moment arms of the

sideforce in directions perpendicular and parallel to the longitudinal body axis are, from Seg;tion

Zo,p+0.85 = 2.8+ 0.85¢ 0.4 6.9= 5.15m
and Mg +0.72-tanA, ¢ = 16.7+ 0.7 0.4 6.%tan 40=18.32 m

for the body-mounted tailplane,

Zp+0.85 = 2.8+ 0.85¢ 0.47% 6. 557m
and Mg +0.72-tanA, - = 16.7+ 0.7 0.47% 6.8tan 40= 18.62 m

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

Z,p+0.85 = 2.8+ 0.85¢< 0.6¢< 6.9=-6.32m
and mg +0.7zctan\, - = 16.7+ 0.7¢ 0.6¢ 6. tan 40=19.13 m
for the tailplane mounted at the top of the fin.
Calculation of(NV)F and(LV)F

The values of NV)F an(iLV)F ambtained by substituting the sideforce derivative from Se@&i8rthe
moment arms from Sectidh4, and an angle of attack of 2° in Equati¢B£) and(3.3),

+0.852¢)sina]/b

(NV)F =— (YV)F [(mg +0.7Z tanA\, ) cos + (Z, ¢

and (LV)F = (YV)F [(zeg +0.852F) cosot — (M + 0.7z tan\ ) sina]/b.

Thus,

(N,). = 0.54 18.3Z0s 2 + 5.15in 2]/45.0= 0.22
and (L,)p = - 0.545.15c0s 2 —18.325in 2]/45.0 = — 0.054

for the body-mounted tailplane,
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6.6

(NV)F = 0.5([ 18.6Z0s 2+ 5.5Bin 2]/45.0= 0.21
and (LV)F = —0.505.57cos 2 —18.6%in 2]/45.0 = — 0.055
for the tailplane at the mid-fin position, and

(NV)F = 0.66[ 19.1%0s 2+ 6.3&in 2]/45.0= 0.28
and (LV)F = —-0.666.320s2 —-19.13in 2]/45.0 = — 0.083
for the tailplane at the top of the fin.

Summary
The values of the lateral stability derivatives for the¢htail arrangements are summarised in Talle

TABLE 6.1

(YD | (N | (L) Configuration

—0.54| 0.22 |-0.054| Tailplane mounted on body
—0.50| 0.21 |-0.055| Tailplane mounted at mid-fin position
—0.66 | 0.28 |—-0.083| Tailplane mounted at top of fin
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FIGURE 1 BODY-FIN CORRECTION FACTOR
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IS
| a. Tailplane correction factor for body-mounted tailplz#nes
u ~N
S
1.2 ™
~ ™~
\
~ N br
™ ™~ T
~ ~ h
N ~ F
N ™~ . T~ 4
T —13
SREERE 05 =11 T 2
1.0 IS = BE==
0.0 0.1 0.2 0.3 0.4 0.5
her
hgr + e
14 MM T T T T T T T T T T T T T
| b. Tailplane correction factor for fin-mounted tailplanes ﬁ
he
4
1.3 3
2
1.2 1
0.5
1.1 0.25
A —1 =
AT = il
0.5 ://ﬁ a]
1.0 H 12— e 0
b —— [ —T 1A
0.9
0.0 0.2 0.4 0.6 0.8 1.0
e

FIGURE 2 TAILPLANE CORRECTION FACTOR
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FIGURE 3 WING CORRECTION FACTOR
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hi = 0.4 for body-mounted tailplanes or if tailplane absest\@ < 1
F
0.6
Z:
h_F 0.5
i Fin-mounted tailplanes. 0.26A <1 ||
04 \\\\\\\\\\\\\\\\\\\\\\\\\7
0.0 0.2 0.4 0.6 0.8 1.0
ki
he

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