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CONTRIBUTION OF FIN TO SIDEFORCE, YAWING MOMENT AND ROLLING
MOMENT DERIVATIVES DUE TO RATE OF YAW, (Y. (N). (L),

1. NOTATION AND UNITS (see Sketchl.1)

The derivative notation used is that proposed in ARC R&M 3562 (Hopkin, 1970) and described in Item
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, andLr are often written By, C, a@q in other systems of notation, but attention must be
paid to the reference dimeass used. In particular, in formir@,, C,,, a0y differentiatioCof

C, andC, may be carried out with respectti®V notrb/V as implied in the Hopkin system. Itis also to

be noted that a constant datum valu® & employed by Hopkin.

Sl British
b wing span m ft
(CLO()F lift-curve slope of fin, evaluated from Item No. 82010 radian? radiar?®
(Derivation19)
C rolling moment coefficient,Z/l/szZSNb
. - , 2
C, yawing moment cefficient.#/%2pV~§,b
Cy sideforce coeﬁicientY/l/szZSN
Cg fin root chord, see also Item No. 82010 (Derivati@h m ft
Cip fin tip chord, see also Item No. 82010 (Derivati) m ft
hgw body height at wing root quatchord station m ft
hF height of fin, measured from fin root chord in direction m ft
normal to longitudinal body axis, see also Item No. 82010
(Derivation19)
Jg fin sideforce correction factor allowing for presence of

body, evaluated from Item No. 82010 (Derivati)

J; fin sideforce correction factor allowing for presence of
tailplane, evaluated from Item No. 82010 (Derivatic®y

Jw fin sideforce correction factor allowing for presence of
wing, evaluated from Item No. 82010 (Derivatib®) as a
function ofz,, /hg,,, when estimating fin contribution to
lateral derivatives due to sideslip, set equal to unity when
estimating fin contribution to lateral derivatives due to rate
of yaw

Z rolling moment N m Ibf ft
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(Y,),

rolling moment derivative due to rate of yaw
L, = (9.2/0r)1%5pVS,b?

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

rolling moment derivation due to sideslip,
L, = (0.2/0v)I%/pV§,b

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

distance of centre of pressure position of fin sideforce, m
measured aft from centre of gravity position and parallel to
longitudinal body axis; from Item No. 82010

(Derivation19) Tg = mg+0.72etanA, ¢

distance of fin root quarter-chord station aft of centre of m
gravity position, measured parallel to longitudinal body
axis, see also Item No. 82010 (Derivati)

yawing moment N m

yawing moment derivative due to rate of yaw,
N, = (04/0r)/¥2pV Sy b?

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

yawing moment derivative due to sideslip,
N, = (0-410V)I"2pVS§)b

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

rate of yaw rad/s
fin area,hF(ch + ctF)/Z , see also Item No. 82010 m?
(Derivation19)

wing (reference) area m
velocity of arcraft relative to air m/s
slipside velocity m/s
sideforce N

sideforce derivative due to rate of yaw,
Y, = (0Y/or)/%pVS§,b

fin contribution toY_ in presence of body, wing and
tailplane

ft

ft

Ibf ft

rad/s
ft2
ft2

ft/s

ft/s

Ibf
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sideforce derivative due to sideslip,
Y, = (9Y/av)/2pVS,,

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

value of(Y,)_ with no interference between wing and fin
(Jy = 1) evaluated from Item No. 82010 (Derivatit8)

height of fin root chord, measured from longitudinal body m
axis in direction normal to longitudinal body axis, see also
Item No. 82010 (Derivatioh9)

height of centre of pressure position of load distribution orm
fin, measured from fin root chord in direction normal to
longitudinal body axis, evaluated from Item No. 82010
(Derivation19) as function ofz; /h

distance of centre of pressure position of fin sideforce, m
measured above and normal to longitudinal body axis;
from Item No. 82010 (Derivatioh9d) Zr = z. g+ 0.852¢

height of intersection of fin-mounted tailplane with fin, m
measured from fin root chord in direction normal to
longitudinal body axis, see also Item No. 82010
(Derivation19)

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

angle of attack radian
angle of sideslip radian
fin quarter-chord sweep angle degree
density of air kg/m

ft

ft

ft

ft

ft

radian
radian

degree

slug/ft



DU 82017

@ Centre of gravity position

B4 Centre of pressure on fin

Longitudinal
body axis™—___

Vcos B |\

AN
\\\\\\\ y h Fin orea S; shaded
N F
RN

X0
W,
zch’
f-/__/ Longitudinal body axis
U

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 theragityreasigon.
The exact direction of the axis in the plane of symmetry is conventionally determined by considerations of mid-body demaratry, t
being taken parallel to some convenient ‘horizontal’ datum.
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2.

2.1

INTRODUCTION

This Item shows how the fin contribution to the sideforce, yawing moment and rolling moment derivatives
due to rate of yaw(Yr)F (,Nr)F and.,) can be calculated from the data on the fin contribution to the
static stability derivatives due to sideslip that are given in Item No. 82010 (Derii®jiomhe method

applies at subsonic speeds where the flow over the configuration is wholly subsonic and fully attached. It
covers configuration geometries where the fin is essentially a trapezoidal panel mounted on top of the
aircraft rear body and in the plane of symmetry (see also comments ionS3:2).

Section2.1 gives a résumé of the method in Item No. 82010. Se8titmscribes the method for predicting
the fin contribution to the yaw rate derivatives, Sectibmliscusses its accuracy and applicability,
Section5 gives the Derivation and References and Se@&igines a worked example.

Résumé of Method in Item No. 82010

The method that is provided in Item No. 82010 predicts the fin contribLmQ;)i::, (NV)F (Lg)}_d by
first determining a basic lift-curve slope for the f(rﬁ:La)F . This is then multiplied by the three factors
Jg, Jr andJ,, to allow for the interference effects ofoely, tailplane and wing, respectively. Based on
the wing area the sideforce derivative is written

(YV)F = _‘]B ‘]T ‘]W(CLO()F SF/SW’ (2.1)
whereS- is the fin area. The yawing moment aningimoment derivatives are
(N = = (Y)(IF cosa + Z¢ sina)/b (2.2)

and
(L) = (Y,)e(Z¢ cosa — IE sina)/b . (2.3)

The Iengthsl_{: andg have been introduced for the purposes of this Item in order to simplify the notation.
They represent the distances of the centre of pressure position of the fin sideforce relative to the centre of
gravity position measured in directions parallel and normal to the longitudinal body axis, respectively.

In the notation of tem No. 82010 they are expredged= mc +0.7Z¢ tanA\, ¢ zand z. . +0.85zZ ,
wheremg ,z..- ,Zg and\, are determined by the geometry and position of the aircraft tail assembly.
The user is referred to Item N82010 for a full description of the definition of the geometry, lift-curve
slope and centre of pressure position of the fin.
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3.

METHOD

The method adopted in this Item for calculating the fin contribution§ td\, , Land is to assume that
in yawing motion a local sideslip velocity arises at the fin that is equal to the product of the yaw rate and
the moment arm of the sideforcdiag on the fin. If the fin lift-curve slope, the wing-body-fin interference
effects and the centre of pressure position of the fin sideforce are the same in yawing motion as they are in
steady sideslip, then for an angle of attaak the sideslip velocity due to yawing is
—(I_,é coxn +z¢ sina)r, and the fin contribution to, _|§ equal to the product of the steady sideslip
derivative (YV)F given by Equatiof2.1) and the factor g cosx +Z¢ sina)/b . The yawing moment

and sideforce derivatives are then obtained from the equaﬂqmé = —(Yr)F( I cosx +Zf sina)/b and
(Lr)F = (Yr)F (zg con—Ig sina)/b.

Under this approach the predicted effects of wiogly-fin geometry are essentially the same for both the
yaw rate and the steady sideslip derivatives. However, Derivaliamsl 11 report on three systematic
series of wind tunnel tests in which wing height on the body was varied for an otherwise unchanging
configuration. Examination of the results of those tests shows that althougfieitieofwing height is

large for the derivatives due to sideslip it is very small for the derivatives due to rate of yaw. In sideslip the
method in Item No. 82010 models tbfect ofwing-fin interference through the empirically determined
factor J,,, , which depends only on wing height on the body, varying with the paramébey;, . The value
of Jyy is unity for mid-wing configurations, aneasing for lowving configurations and decreasing for high
wing configurations. The data in Derivatiodand11suggest thaf,,, should always be taken as unity in
the calculation of the yaw rate derivatives, implying that the wing-ferfiatence is rgigible.

Thus, introducing the derivative

(el _; == IIr(CLa)e S /S (3.1)

Jw=

and assuming that with the exception of the wing-finrfetence effect the behaviour of the fin in steady
sideslip and yawing motion is similar, then

(V) = - [(YV)F]szl(I_'F cost + z¢ sina)/b, 3.2)

(N)g = = (V) (I cosa + Z¢ sina)/b (3.3)
and

(Lp)g = (Y,)(ZF cosx — I¢ sina)/b. (3.4)
Values ofJB JT ,(CLG)F Se ,I_' an(z’,’; are all determined as described in Item No. 82010.

As discussed in Sectighl comparisons with experimental data show that Equat®aj (3.3)and(3.4)

provide good estimates of the yaw rate derivatives for a wide variety of configurationsetak level of
agreement being consistent with that achieved in predicting the corresponding steady sideslip derivatives,
which suggests that the assumptions made in deriving the equations are sound.
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4.

4.1

4.2

ACCURACY AND APPLICABILITY
Accuracy

The fin contributions to the yaw rate derivatives predicted by EquatioRso (3.4) have been compared

with the experimental data reported in Derivatidn® 18. Sketch4.1 demonstrates the overall level of
accuracy achieved. In genel(a{r)F is predicted to wittr04 (N,) to witli2 (b to
within £0.01, although therrors arelightly greater in some cases. As the valuélgf cosa + z¢ sina)/b

is typically about 0.5 thesmror bands are to be expected, being half the numerical value of the error bands
guoted in Item No. 82010 for the corresponding steady sideslip derivatives.

Applicability

The limitations on the method in this Item are the same as those on the method in Item No. 82010 since
that is used as a basis. The method is thus restricted to subsonic spredbethow over the coigfuration

is fully attached and wholly subsonic and to configuration geometries where the fin is essentially a
trapezoidal panel mounted on top of the aircraft rear-body and in the plane of symmetry, with the tailplane
mounted on the body or on the fifiThe user should refer to the applicability section of Item No. 82010

for further information on the range of fin geometries covered.

The method applies at angles of sideslip and values of yaw rate where the sideforce, yawing moment anc
rolling moment cefficients vary linearly withttose parameters.

For aircraft geometries where the rear body is very narrow and merges into the shape of the fin ltem No. Aero C.01.04rme&ZB)efer

gives steady sideslip derivatives for the fin. Similarly, Item No. Aero C.01.01.02 (Ref@Brgiges steady sideslip derivatives for the
case of twin fins mounted at the extremities of a tailplane. Both these sets of data may be used to estimate correspomteing yaw
derivatives in the same way as described in this Item, by calculating the local sideslip velocity induced at the firpcesgre@position

by the aircraft yaw rate, and ignoring any wing-fin interference effects.
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6. EXAMPLE

Calculate the derivative(é(r)F (l,\lr)F

agid,)

for the three aircraft tail assersbties in the Example
of Item No. 82010, which are reproduced here as Skeicifhe same Mach number, 0.8, angle of attack,
o = 2°, and reference dimerun;is,SW =320 nfandb=45.0m, may be assumed.

Table 6.1 summarises the results of the calculations for the fin contributions to the yaw rate derivatives,
making use of the data given in the Example of ltem No. 82010 and Equ@&tib)y® (3.4), as shown in

the Comments column.

TABLE 6.1
Tailplane| Tailplane| Tailplane
Quantity Mounted at at Comments

on Body| Mid-Fin |Top of Fin
(CLG)F(radian_l) 3.01 3.01 3.01 from Item No. 82010
S /Sy 42.1/320 | 42.1/320| 42.1/32Q from Item No. 82010
Jg 1.13 1.13 1.13 from Item No. 8201j0
Jr 1.12 0.98 1.30 from Item No. 82010
[(YV)F]JW: 1T JBJT(CLG)F S /'Sy -0.501 | -0.439 —-0.582 Equati¢8.1)
e = mg +0.7Zctan/\, ¢ 18.32m| 18.62m| 19.13m from Item No. 8200
Zr = 2z,p+0.85 5.15m | 5.57m 6.32m| from Item No. 82010
a 2° 2° 2° Given
b 450m 45.0m 450m| Given
(V) = —[(YV)F]JW _ 1(I'F' cosa + Z¢ sina)/b | 0.206 0.183 0.250 | Equatids.2)
(Nr)F = —(Yr)F(I_|£ cosa + 7 sina)/b -0.085 | -0.076 —-0.107 Equatidd.3)
(Lr)F = (Yr)F(i,': cost — I¢ sina)/b 0.021 0.020 0.031 Equatiq3.4)

11
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10-7

Sideview Planview View on BB

a. Tailplane mounted on body

6-9
10-7 345

Sideview Planview View on BB'

b. Tailpiane mounted at mid- fin

B - -
A -
69
’ 10-7
%_/7 36
BI
Sideview Planview View on BB

¢. Tailpiane mounted at top of fin

Sketch 6.1
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