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WING-BODY YAWING MOMENT AND SIDEFORCE DERIVATIVES DUE TO

SIDESLIP: N, AND Y, (WITH ADDENDUM A FOR NACELLE EFFECTS)

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 defiatives and

Y, are often written a8C_ /0B  aniC,/d3 (i?rnB ay,

in other systems of notation, but attention

must be paid to the reference dimensions used and it is to be noted that a constant datunvvsalue of
employed in the Hopkin system.

v mid

w

Sl
wing aspect ratiob2/S
wing span m
lift coefficient of equivalent wingL/l/szZS
yawing moment coefficienwll/szZSb
sideforce coefficientY/ 1/szZS

maximum body width m

function allowing for effects on sideforce derivative of wing
height and wing span to body width ratio (see Equdo3))

factor for applying corrections for wing planform to functien

maximum height of body section m

body section heights, &25,  a@d7d, m

lift of equivalent wing N

distance of yaw axis behind body nose m

overall body length m

yawing moment N m

aeronormalised yawing moment derivative due to sideslip
(about general reference yaw axid), = (9.4/9v)/%pVSh

aeronormalised yawing moment derivative about yaw axis
through mid-point of body length

gross area of equivalent wing planform

area of side elevation of body
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A Ya

A
Y

Subscripts

wing

velocity of wing-body relative to air m/s
sideslip velocity m/s
sideforce N

aeronormalised sideforce derivative due to sideslip,
Y, = (0Y/av)/*2pVS

vertical position of quarter-chord point of wing root chord m
relative to body centre-line (positive for a low wing)

angle of attack radian
sideslip anglesin_l(v/V) radian

dihedral angle (assumed constant across wing semi-span), degree
defined as angle between wing reference plane and projection

of quarter-chord line on plane perpendicular to wing centre-line
chord; the wing reference plane is that plane normal to plane of
symmetry and containing wing centre-line chord

guarter-chord sweep of equivalent wing planform degree

wing taper ratio (ratio of tip chord to centre-line chord)

density of air kg/m

denotes isolated wing values

Yawing moment axis

ft/s
ft/s
Ibf

ft

radian
radian

degree

degree

slug/fté

0-251,

¥ Z—axis

0-751

Sketch 1.1
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Sketch 1.1 (continued)
2. METHOD
2.1 Summary of Method

This Item provides a means of estimating the yawing moment and sideforce derivatives due to sideslip for
wing-body combinations at small angles of attack and sideslip at subsonic speeds. For stability calculations
an accurate prediction is more importantfyr ~ thar¥for ~ and the data in this Item are primarily intended
for predictingN,, . Becausd,, is dependent on the choice of yaw axis position a knowl¥gge of  is needed
to convertN,, from one axis position to another. An accurate estimadg of is difficult and the method
given may involve substantial errors for certain configurations (see Sédjidit it is considered adequate

in allowing for changes in yaw axis position betwéedl Qutt}, as, subject to that limitation, quite
large uncertainties ilY,, do not give rise to significant errofs, in

The yawing moment derivative about a yaw axis through the mid-point of the body is given by the empirical
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2.2

relation

2 2
160, oqoald ar, Lt Sy
— N, miq = | 0.2575+ —[0.0008--0.0247|| 1.3 O —0.39| b, 2.1
vmid S00S ‘E}{ 20 }{ Sb} @y

and is independent of wing geometry (but see Se&iﬁforzdiscussion on effect of sweepback). Figure
1 presents the parameteN,, . [SHS,]  plotted agalijdS, rgial, . For an axis at a distance
behind the body nose the yawing moment derivative is given by

Nv = Nv mid + b A (2'2)
where the sideforce derivative is given by the empirical relation
2 hbFF
_ PP, od 2l S
Y, = {0.0714+ 0.67%7 + s, 54.95%-0.1% S +0.006T |. (2.3)

Figure2 presents the functidhas a carpet interms pz|/h  abftl . FigBreresents the factdf,, as
a carpet in terms g andA . (See Sectidgh3for discussion on effect of sweepback.)

Basis of Method

Equation(2.1) was developed by analysing the wind-tunnel data in Derivafidagl1 and deducing an
empirical correlation folN,, .q[SE'S,Iy] in terms of the parametegslsD layid, . The bracketed
expression involvingl glso allows for the gross shape of the body, and the second bracketed expression
involving h,/h, allows approximately for differences between the forebody and afterbody shapes. The
experimental data studied showed that wing dihedral angle had no significant effgct pn

Equation (2.3) was developed by first analysing the wind-tunnel data in Derivattons 41 for
configurations with mid-wingsz(= 0) without dihedral. This led to the first and second terms in
Equation(2.3). Two further terms were then added to allow for the effects of wing height and wing dihedral
angle. The method of allowing for wing height is based on the one suggested in De84attnnh uses

the theoretical change in the flow circulation around the wing caused by the wing-body sideslipping. The
maximum change in circulation occurs close to the wing-root chord and is taken as a measure of the chang
in pressure produced in the region of the wing-body junction. The pressure changes on the two sides of the
body are of opposite sign and result in a sideforce. For use in Eq(@8daf this Item two functiond;

andF,, , based on the maximum change in dimensionless circulation have been calculated by applying
lifting-line theory to a series of wings of trapezoidal planform and the results are given in Bigndss

(Wings with planforms other than trapezoidal should be replaced by equivalent trapezoidal planforms as
described in Item No. 76015, Reference 44.) The funé&tialiows for the effects of wing height and wing

span to body width ratids,,, is a factor applied-to allow for wing aspect ratio and taper ratio effects.

The variation of sideforce derivative withz|/h was obtained by choosing the best linear fit to the
experimental data. (It should be noted théd zero wherzis zero and so the term —0.12 in Equati@.3)

does not give rise to a sideforce for bodies with mid-wings.) The term in Eq2t®)nhat allows for

wing dihedral was taken from Derivatidrwhich contains data from wind-tunnel tests on isolated wings

of aspect ratio 6 at varying angles of dihedral and with sweep angles between —4° and 14°.
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2.3

4.1

Effect of Wing Sweepback and Lift Coefficient

The equations given in Secti@nl for predictingN,, andY,, were developed from experimental data
obtained at low angles of attack and do not include any effects due to wing sweepback. This is because a
low lift coefficients the values d, an{, for isolated wings without dihedral are small. For example,
with a yaw axis through the wing aerodynamic centre, the theoretical equations developed in References
42and43for predicting the stability derivatives of isolated wings diyg,,,<0.004  “éng;,<0.003

for C, = 0.3 andA,,<25° . At higher angles of sweepback the wing contribution becomes larger and for
C =03 A, =50, N, wing™ 0.008 and,, ,ing=0-017 . (Note that the wing-alone values are of
opposite sign to the wing-body values.) The isolated wing values va(r:f as and are therefore more
significant at higher lift coefficientsQ; =0.5 , say) particularly for moderate to high sweepback angles. In
general, provided the flow over the wing is not separated, the experimental data show that for wing-body
combinationdN,, and|,, decrease in magnitudéas  increases. However, this decrease is often less tha
that suggested by the equations in Refereizand43, possibly because of wing-body interference effects.

As this Item is primarily concerned with low angles of attack and sideslip a generalised method for
predicting highC,  effects has not been attempted. Estimates of the varialign of Y,, and C| with made
by adding wing-alone values to the values predicted by EquatBsand (2.3) should be treated
cautiously.

EFFECT OF JET ENGINE NACELLES

It is important to note that the method described in Seétiapplies to wing-body configurations only.
Wind-tunnel data in Derivation38 to 40 show that the presence of jet-engine nacelles mounted on
under-wing pylons can significantly change the lateral stability derivatives from their wing-body values,
and in this situation Equatioii.2) and(2.3) do not provide adequate estimateNgf ~ ¥pd . Jet-engine
nacelles mounted on the rear of the body, however, have little effé¢f on Y, and  when fin and tailplane
are not present, and Equati¢@2) and(2.3) may be used. When the fin and tailplane are present then the
addition of nacelles to the rear fuselage can cause large chamges inY,, and  due to interference betwee
the nacelles and tail surfaces. Thus, in this case, a simple combination of estimated fin and tailplane
contributions taN,, and,,  with the wing-body values from Equat{@r® and(2.3) may give derivatives

which are substantially different from those measured experimentally for the complete aircraft with nacelles
fitted.

AddendumA of this Item gives an assessment of the size of the nacelle contribungn to Y, and , based
on the available experimental data.

ACCURACY AND APPLICABILITY
Accuracy

For wing-body configurations 80 per cent of the dataNipr in Derivafidnd 1 are predicted to within

+0.01 and 90 per cent to within0.02 ; 90 per cent of the datayfpr are predicted to wiildh
However, it should be noted that for two configurations the method overestifjates by 50 per cent or
more. These two configurations are the only ones having wings (with anhedral) mounted at the top of the
fuselage(zzh=-0.5) ; the values of, for configurations with wings mounted less high on the fuselage
(0>2z/h>-0.4) are not overestimated and this apparent discrepancy has not yet been explained. Data for
low wing configurations witte/h=0.5 are predicted satisfactorily.
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4.2

For wing-body-nacelle configurations, using the correction terms suggested in Sdciamder-wing
nacelles, the data in DerivatioB6 and38 to 40 are generally predicted to with#0.02  f&;, and to
within 0.1 for Y,, .

Applicability

The data in this Item are for wing-body combinations at small angles of attack and sideslip, in the region

where the rates of change of sideforce and yawing moment with sideslip are essentially linear and

independent of the angle of attack. Typically, these conditions are satisfied for angles of attack less than
about 6° to 8° and angles of sideslip less than 10°. Most of the experimental data studied were for low
subsonic Mach numbers, but a few data were available for Mach numbers up to 0.8 and these showed ni
significant departures from the low-speed results. The method assumes that the flow over the configuration
is fully attached and wholly subsonic and that any wing slats and flaps are not deployed.

Table4.1shows the ranges of wing-body geometric parameters studied in the preparation of this Item and
the method should be used with caution for configurations with geometries that are outside these ranges
In particular, the limitations oHIb should be noted becé{gse is, in general, less well predicN;p than
and, as shown by Equati¢a 2), uncertainties iry,, give rise to uncertaintiesNin which increase as the
distance of the yawing moment axis from the body mid-point increases. Most of the data considered were
in the ranged.4<1/I;<0.6 , with a few dataldt,=0.3 . The magnitudes of the chanbgs in caused by
axis position changes were typically between 0.01 and 0.02.

TABLE 4.1 Range of Geometries Considered

Parameter Range
A 2 to 9
b/h 4 to 11
I,/h 5 to 13
11, (0.3) 0.4 to 0.6
zZh -0.5 to 0.5
r -10° to +10°
A 0 to 1
Ay, 0 to 60°

The data apply directly to wing-body configurations with axisymmetric bodies. The accuracy of the method
is not, however, affected for bodies with rear-fuselage upsweeps typical of current jet transport aircraft.
Derivation4 contains some data for a body of elliptical cross section, and Derivatiamsi30 contain a

limited number of data on configurations with bodies of square and rectangular cross sections, with slightly
rounded corners. To investigate the effects of cross-sectional shape the side elevations of the non-circula
bodies were used to provide the geometric parameters needed in the method, with the p&/émethr 2

being used instead &fd  for determining the funckon

Table4.2 summarises the results of comparing the experimental effects of body cross-se®jpg,;on

andY,, with those predicted by the above method. This table was generated from a small number of date
and therefore the values quoted are intended only as an indication of the changes that can occur when th
body cross-section is significantly non-circular.
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TABLE 4.2 Percentage Increases ilN,, ..q andt,, for Bodies of Non-Circular Cross-Section
Percentage increase iNV mid Percentage increase MV

Cross-Section F:;;g?hv o ] . ]

Hig Mi Low Hig Mi Low

wing F=-04wing £=00 |wing £=04 wing =04 wing =0 |wing H=041
EIIipse* 0175 20 40 20 0 10 0
Upright 1.7 - 20 - - 30 -
Rectangle
Square 011 30 30 30 20 20 20
Transverse 0.6 - 10 - — 60 —
Rectangle

" The N, data for the elliptical bodies were subject to greater uncertainty than normal as the yaw axis was well fopyaocat

so uncertainties i, could be responsible to some extent for the large increggsgs;in
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6.

EXAMPLE

Find the subsonic yawing moment derivative due to sideslip of the low-wing-body combination shown in
Sketch6.1 for an axis positioned 19.4 m from the body nose. Small angles of attack and sideslip may be
assumed. The wing planform is the same as that used in the Example to Item No. 76015, in which the
properties of the equivalent trapezoidal wing planform are calculatedAc-16e845,S= 149.6 n? and

A = 0.472. The area of the side elevation of the body is 122tie wing has a dihedral angle of 2.5° and

the cross section of the body is circular.

The yawing moment derivativsl,

Equation(2.1),

v mid

(Alternatively Figure 1 may be used withl’/S, = 36°/122 = 10.62
= 0.093S,1,/SH )

-N

v mid —

Therefore,

about a yaw axis through the mid-point of the body is given by

r 12 0 12
0.2575+ — [p oooa£ 0. 0245}{1 3

|j11|j/2 SDI
o sl oo]3

3620 36° piIsg Iy
0.2575+ 1—22[0 .0008x 122-0 0245}{1 39555 -0. 39}{3&}

0.093x 1x il_b
Sb

0.09{%}.
Sb

and11/h2 =1 to obtain

122x 36}

Ny mig = 0'09:{149.6x 32

= 0.085.
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Dimensions in metres
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Sketch 6.1
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The sideforce derivative is given by Equat{@rB),
2 hbFF, 7 S
-y, = {0.0714+ 0.67%) + —é:—gt.gé—ﬁl —0.1%}5 +0.006 T |.

From Figure2 with | z|/h = 1.3/4 = 0.325 andb/d = 32/4 = 8,F = 0.053.
From Figure3 with A= 6.845 and\ = 0.472 Fy = 0.970 .

Therefore

2
v .\ 4° , 4x32x0.053x0.970 11.3] 122
v = |0.0714+ 0.674 oo x%l.95x—4 o.1j§ Tag ¢+ 0-0062.5]

= (0.0714 + 0.0884 + 0.0803) x 0.816 + 0.015
=0.196 + 0.015
=0.211.

The yawing moment about the specified yaw axis is calculated from Eq(@&@gn

[-0.5l
N = N ( b)Y

\Y \Y; mid+ b \Y;

(19.4— 0.5x 36(=0.211)

= —0. —+
0.085 22

=-0.085-0.009
=-0.094.

Thus for the configuration in Sketéhl the required yawing moment derivativeNs = — 0.094
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ADDENDUM A EFFECT OF JET-ENGINE NACELLES

Al. ADDITIONAL NOTATION AND UNITS (see Sketch Al.1)

SI British
I, overall length of nacelle m ft
mg distance of nacelle leading-edge forward of moment referencen ft

point

(NVn contribution toN,,  from pair of nacelles, one on each half wing
S wing semi-span m ft
S, spanwise distance from body centre-line to nacelle centre-line m ft
Wi e nacelle exit diameter m ft
Wi max maximum depth of nacelle m ft
(Y)n contribution toY,, from pair of nacelles, one on each half wing
z distance of nacelle centre-line below wing-pylon junction m ft
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A2.

A3.

A4.

INTRODUCTION

A limited number of wind tunnel data are available for aircraft models, typical of civil jet transports, which
have been tested both with and without free-flow nacelles of the type customarily fitted in wind-tunnel tests
to simulate the presence of jet-engine nacelles. This enables some guidance to be given on the effect ¢
jet-engine nacelles o¥f, amd, , butitis emphasised that the range of experimental data is limited and
any estimates of nacelle effects must be used with caution.

REAR-BODY MOUNTED NACELLES

An examination of wind-tunnel data from Derivatidbfor three low-wing aircraft with wing aspect ratios

in the range 7 to 7.5 indicates that nacelles mounted on the rear part of the body have little ¥{fect on
andN, , when there is no fin or tailplane present. When the fin and tailplane are present then addition of
the nacelles can give rise to significant changeg,in  Ngnd due to interference between the nacelles an
the tail surfaces. In one particular case, it has been recorded that for nacelles mounted close to a fin, ther
was an increase iaY,, of 0.10 and, for a moment reference point close to the wing aerodynamic centre,
an increase itN,,  of 0.024. Care is therefore needed when valMgs of N,, and for a complete aircraft are
estimated by combining the predicted contributions of the tail surfaces with the predicted wing-body values.

UNDER-WING MOUNTED NACELLES
Wind-tunnel data for nacelles mounted on under-wing pylons are available from Deria&idfsand
Al for a small number of tests on both high-wing and low-wing multi-engine aircraft with wings of aspect

ratios in the range 7.5 to 10.

For a pair of nacelles, one mounted on each half-wing, the best correlation of the available data has beel
found to be

[z, + 0.5w 1.5
(Y,) = -Tw? maxmw% / S (A4.1)
0 Wnmax O
and (Nv)n = _[T[Wr% max(mo —Wh ma) + T[Wr% eInJ/Sb- (A4.2)

In Equation(A4.1) the external flow around each nacelle is assumed to generate a basic sideforce derivative
~(1/2)W2 /S, Which is increased by the factfz, +0.5W,, . )/W, ma) i to allow empirically for
the presence of the pylon.

In the calculation of the yawing moment derivative the point of action of the basic external-flow sideforce
derivative is assumed to be a distamgg,,., aft of the nacelle lip. It is further assumed that the internal
flow through each nacelle contributes a couﬂIHIZ)wﬁ dn/Sb . It was found to be unnecessary to make
any explicit allowance for the pylon.

For a four-engine configuration the estimates of Equatjiadsl) and(A4.2) would need to be evaluated
for the inboard and outboard pairs separately and the results summed.

Sketche#\4.1 andA4.2 compare predicted and experimental valuez(o‘(,)n Z(N;i,)n (for a moment
reference point close to the wing aerodynamic centre), where  denotes a summation of two pairs for
four-nacelle configurations.
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AS.

TableA4.1 shows the ranges of geometric parameters covered by the experimental data.

TABLE A4.1
Parameter Range
A 7.5t0 10
| /s 0.16 to 0.30
/Wh max 1.6to0 2.7
mgy/s 0.2t0 0.4
S,/s 0.29 to 0.52
W, Js 0.055 to 0.092
W ma!S 0.092t0 0.13
W W, max 0.58t0 0.73
z./s 0.056 to 0.13
(z, = 0-5W,, 1129" W max 0.2t0 0.8
(z, + 0.5W, 112/ Wh max 12t01.8

ADDITIONAL DERIVATION

Al.

MORGAN, H.L.
PAULSON, J.W.

Low-speed aerodynamic

performance

of

a

high-aspect-ratio

supercritical-wing transport model equipped with full-span slat and
part-span double-slotted flaps.
NASA Tech. Paper 1580, 1979.
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EXAMPLE

Calculate the nacelle contribution to the derivati¥gs Npd  for the configuration shown in/Ekétch
The wing reference area$= 194.3 ’m

From Equation{A4.1)

[Z, + 0.5w a@
_ 2 nm
(YV)n = STWE ol /S
O Wn max
_ .38+ 0.5x 22@1/
2252 5 e 194.3

= —m2.2% x 1.175194.3

= -18.69194.3
= -0.0962
and from EquatioifA4.2)
(N,) = —[rw? o)+ TW2 I [Sb
v/in n max n m ne n

= —[1m2.2%(4.50— 2.25 + 11.35% x 5.50]/(194.3>< 38.3
= —[35.78+ 31.49/(194.3x 38.4
= —0.00902.

Thus the contribution of the nacelles to the lateral stability derivalyes Nand(Y,, )|s— —0.096
(Ny),, = —0.0090.
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