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CONTRIBUTION OF WING PLANFORM TO DERIVATIVES OF YAWING MOMENT
AND SIDEFORCE DUE TO ROLL RATE AT SUBSONIC SPEEDS, (N),, AND (Y,),,

1. NOTATION AND UNITS

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, andN_ are often written a@Yp am;i]p in other systems of notation, but attention must be paid to
the reference dimensions used. In particular, in forn@p d ffereftidion of Cy, andC,, may

be carried out with respect pd/2V notpb/V as implied in the Hopkin system. It is also to be noted that a
constant datum value &fis employed by Hopkin.

Sl British

A aspect ratiob2/ S
B Prandtl-Glauert compressibility factc%l - Mzcoszl\l/El/2
b wing span m ft
Cp drag coefficient,D/l/szZS
Ch viscous drag cefficient, (C — CE/T[A)
CL lift coefficient, Lll/szZS
C rolling moment coefficient,%/l/szZSb
C, wing yawing moment cefficient, .4+ /1/szZSb
Cy sideforce coefficient)(/l/szZS
D drag N Ibf
F factor in Equatiorn{5.1)
L lift N Ibf
&z rolling moment N m Ibf ft
Lp aeronormalised rolling moment derivative due to roll rate

(0.219p)/%2pVSH
M free stream Mach number
N yawing moment about origin N m Ibf ft
Np aeronormalised yawing moment derivative due to roll-rate

(0.410p)/YopVSIF

Issued June 1981
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p angular velocity in roll rad/s rad/s
S gross wing area fn ft?
Vv aircraft velocity reltive to air m/s ft/s
Xac longitudinal distance rearward from coordinate origin (yawingm ft
axis) to wing aerodynamic centre
Y sideforce N Ibf
Yp aeronormalised sideforce derivative due to roll rate
(oY/op)/¥2pVSh
a angle of attack degree degree
Ny, guarter-chord sweep of wing planform degree degree
A ratio of tip chord to centre-line chord (taper ratio)
P density of air kg/m slug/ft
Subscripts
w denotes wing contribution
M denotes value in compressible flow
@] denotes value in incompressible flow
AN, =0 denotes unswept wing contribution

NS

INTRODUCTION

This Item presents a method of estimating the planform contribution to the yawing moment due to roll-rate,

(Np)W, and the sideforce due to roll raf#,)),,,  , of swept wings at subsonic speeds. The analysis is made
for wings without camber, dihedral, or twist, but the effects of sweep angle, aspect ratio, taper ratio and

location of yawing axis are considered.

The Item allows the estimation of the initial linear variation(ksi[))W @ﬂg)w with lift coefficient,
corresponding to fully attached flow, and, f@‘dp)w only, the subsequent non-linear variation with lift
coefficient bllowing the onset of flow separation (see Iltem No. 66033jefieacell) for wings with
symmetrical sections). The linear components are based largely on lifting-line considerations modified
empirically to account for the effects tifp suction (Sectiod.2). The non-lirar component oaNp)W is
attributed to the effect of viscous drag which is approximately accounted for on a semi-empirical basis
(Section4.3). Correction factors to the low-speed estimatiomNg)W (atqgw are presented for first
order effects of compressible flow (Sectian
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3.

FORCES ON A ROLLING WING

The primary load on a rolling wing with fully attached flow at low angles of attack is made up of a
symmetrical load due to angle of attack and an antisymmetrical load due to the rolling velocity. In
Derivation?2 the resulting net force at any spanwise wing station is resolved (see 3Katicho a force,

C,, acting normal tg the plane formed by the local resu*ltant velafifand its component normal to the
quarter-chord lineV,, , and afor€, tiag parallel toV,, . Spanwise integration of the components of
these forces resolved into tkeyplane multiplied by their appropriate moment arms about the yawing axis,
leads to the yawing moment arising from the primary forces. Spanwise integration in the direction of the
y-axis leads to the sideforce.

In addition to these primary forces, parts of which are due to a leading-edge suction, there are secondary
forces arising from the flow around the wing tips which also contribute to stdeémd yaing moment

(see Sketcl8.2 and Derivatiord). The role of the edge forces with regard to the roll-rate derivatives is
discussed in some detail in association with lifting-surface theory calculations in ReféBand is
explained briefly here as follows.

Net force

[
|
I
|
t

Sketch 3.1 Primary faces on a rolling wing
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Sketch 3.2 Edge forces on a rolling wing
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Sketch 3.3 Typical variations of(Np)W anc{Yp)W withC

At a sufficiently large angle of attack the flow over the wing will start to separate from the wing surface.
For an unswept wing of moderate thickness this will normally occur first at the root trailing-edge for
rectangular wings, and at the tip for tapered wings, and will progressively spread to affect the remainder
of the wing as the angle of attack increases. For a swept wing the initial separation typically takes the form
of a leading-edge vortex starting at the wing tip and spreading inboard as the angle of attack increases.

The main effect of such sepamts on the forces acting on a rolling wing lies in the progressive collapse

of the leading-edge and tip suction contributions as the angle of attack increases. The effadtasta

rapid reduction in the magnitudes of the sideforce and yawing moment and their derivatives with respect
to roll rate (see SketcB.3). There comes a point at which the progressive loss of the edge forces will
normally result in a change in sign of the yawing moment derivative. A knowledge of the lift coefficient
at which the change in sign @R ), occurs is of particular importance in assessing various aspects of the
lateral stability of an atcraft and can be deduced by means ktem.
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As the separatedidiw spreads over most of the wing at the approach to the stall, the suction peaks and all
the edge forces virtually disappear and theilitant force then acts normal to the planform of the wing.
The yawing moment derivative in these conditions approaefies),  tana , the theoretical contribution
from the roll-damping derivative (see SkeftBa, Derivation6 and Referencéd).

The rapid spread of separation at high angles of attaeilézted in the rate of change of viscous drag
coefficient, Cy , with angle of attack his is employed in Derivatios as a correlating parameter for the
changes in(N,),, due to separatiffects. The very large values d€y /da  near the stall can, and often
do, lead to the experimental valueg NE)W “overshooting” the theoretical limit without edge forces before
they finally decrease (see Ske®3a).

4. INCOMPRESSIBLE FLOW
4.1 General
The wing planform contribution due to the derivatives of yawing moment due to roII(l%t)gN , and

sideforce due to roll rateé,Yp) at low speeds, are given by the following semi-empirical equations which
apply to wings without camber, dihedral or twist,

2
A+4 § COS/\1/4 tan /\1/4D (NP)W
[(NDWlo = CL g | 1+ 60+ ——tanA, 0
pw A+ 4COS/\1/4 0 A [mb 12 g C. 0., =0
C 2+A, o L AD CL Xac, (ANp),, dCp @.1)
- 1/4 ’ '
4A(1+N)0 3 A0 2A b (dCy/dar) “da
v CLDA"' cosh,, A CL 4o
[(Vphulo = 2 BAE +4cos/\1/%ta APYE (4.2)

4.2 Linear Contribution

4.2.1 Yawing moment due to roll rate,(Np)W

In Equation(4.1)the first three terms relate to the linear contribution. The first term, which may be written as

2
(N,) A+4 O COoS\y/[Tx tan Ny, Or(Np)
{ pr} = A+ 4cosh {“65“ A “5th a\y, + 75 45}{ pr} ’ (4.3)
L COSAy O N ad L Joay,=0

was developed in Derivatiod from strip theory and simple lifting-line considerations. It arises from
interactions between symmetrical forces due to incidence and anti-symmetrical forces due to roll rate (see
Section3). The wing sweep factor was developed for untapered wings but the effects of taper are assumed
to be accounted for by using the sweepback relating to the quarter-chord line.

The quantity for unswept wings in Equatigd.3) (i.e. [(N )W/CL]O /\1/_0) has been calculated
theoretically in Derivatior2 using data from Derivatioh to aIIow for the smaléffect of taper.
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4.2.2

The second and third terms relate to the effect of tip suction and were derived in Dedvatiantapered

wings and modified in Derivatio to account for the effect of taper. The indications from experimental
data (Derivatiord) are that wing taper has a minor effect(dh),, provided the quarter-chord sweep angle
is used. With this assumption Figukeoresents data for the linear contrlbutlon(Nb) , obtained from
the first three terms in Equatigd.1)with A = 1 ,i.e.

2
(N.) [ COS\, [Tx tan A, M (N,)
{ pr} - A+2+i/\ {HGDH A /4D]b ey, + =5 AD}{ pr}
L COSy, U (] g L Jo,A,=0
1 g lD 1 Xac

—[dan\

- 8AQ v AD 2A'b (44)

Figure 1 covers a range of sweep angles up to 60° and aspect ratios from 2 to 12 for fixed values of
X5db = 0.0, 0.1 and 0.2. The position of the aerodynamic centre to be used in the calculatigfbof
may be found from Item No. 70011 (lReencel?).

Sideforce due to roll rate(Yp)W

The first term of Equatio.2), which may be written as

{(Yp)w} _ A+ cos/\1/4 tan/\1/4
CL o A+4cos/\1/4 2

was developed in Derivatiohfrom strip theory and simple lifting-line considerations. The equation was
originally developed for untapered wings but the effects of taper are assumed to be accounted for by using
the sweepback relating to the quarter-chord line. The second term in Eqda?)aelates to the effect of

tip suction. It was derived empirically in Derivatidras the zero sweep contribution for untapered wings,

and is considered here to apply to tapered wing®t®ying the sweepback to the quarthord line,i.e.

{(Yp)W} 1
CL =0 2A

It should be noted that this term has been used in Derivdtitm derive the tip suction terms in
Equation(4.1)for (Np)W

Figure2 gives the ratidY, )W/CL in incompressible flow for a range of sweep angles up to 60° and aspect
ratios from 2 to 12, obtalned from

(Yp)W 1DA+ cos/\l/ Etan/\ 1 4.5)
C. BAB +4c0s\ ] vt oA '
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4.3

Non-linear Contribution to (Np)W

The fourth term in Equatiof#.1) relates to the non-linear contribution(tl‘(sip)W i.e

B dCh (4.6)

(dC, /da) da

It arises from the effects of flow sepaats over the wing at moderate to high lifefficients. Derivation

4 suggests that the non-linear incremer(tNIB)W can be correlated in terms of the rate of chgmge of viscous
drag coefficient with agle of attackj.e. dCj, /da , whereGy is assumed to be given@y—C, /TA

The result of the analysis of Derivatidnmodified in Derivatiory to extract a wing sweep effect, is shown

in Figure3. It should be noted that in order to calculed‘fk\lp)w via Fi@uieis necessary to have drag

data for the wing under congidhtion at sufficiently close intervals in  for a satisfactory determination

of dCj /da to be made, sincéANp)W is very sensitive to changetdh /da

COMPRESSIBLE FLOW

Derivation 3 gives an approximate method for determining the first oeffects of compredsle flow.
Equation(4.4) together with the Prandtl-Glauert rule gives the correction factor due to compressibility for

(Np)W as

[(Np),/CL], _ Atdcos\,, AB+6F(AB+ cos\, )

= K (5.1)
[(Np),/Cll, AB+4cos\, — A+6F(A+cosh,)
2
1 X tan“A,,
whereB = (1—M2COSZ/\1 )/2 andF = Bﬂ:tan/\l +—/4D )
7z O b Ya 12 0

The parametex, /b has a negligible effect on theembion equation and may be assumed to be zero in
Equation(5.1),i.e.

2
[(Np),/Clly,  A+d4cos\,, AB+¥%(AB+cosh, tan"A

iy (5.2)

[(Np),/Cllg  AB*4CONy, = At sn(a+cosh, Jtan’A,,

Similarly, Derivation3 gives the coecion factor due to compressibility for the sideforce derivam/s)W ,
as

[(Yp)W/CL]NI _ A+ 4cos/\1/4 AB+ cos/\1/4
[(Yp)W/CL]O AB+ 4cos/\1/4 A+ cos/\1/4

(5.3)

Figures4 and5 give the compressibility corrections in carpets of Mach number and quarter-chord sweep
angle obtained from Equatioffs.2) and(5.3) for a range of aspect ratios. It should be noted that although
the data were derived from a method neglecting tip sudifatts, it may be assumed that Figudes

and5 apply to the whole of the linear contribution at least. In the absence of further information the data
of Figure4 may also be tentatively applied to the non-linear component. The data of Higunds apply

to Mach numbers up to that at which the aerodynamic characteristics start to change rapidly. This restriction
means that in practice the actual effects of Mach numbeﬂg)‘\lN (ng will be comparatively small.
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6. ACCURACY AND APPLICABILITY

6.1 Accuracy

6.1.1 (Np)W
Values of the yawing moment derivative due to roll réhé,) , from the experimental data of Derivations
4 to 6 and Reference® to 10 were compared with predictions firstly in the regime WI‘(eMB)W varies
linearly with lift coefficient and secondly over the complete lift coefficient range tested, up to the stall in
some cases.
In the linear regime 90 per cent of the experimental dat(iNB}W were predicted to wita0b by

means of Figurel (Equation(4.4)) with Figure4 (Equation(5.2)) for compressibilityeffects.

With the inclusion of non-liear ©nditions 80 per cent of the experimental data were predicted to within
+0.01 and 64 per cent to within0.005 by means of Figuresand4 (Equation(4.4) plus Equatiori4.6)

with Equation(5.2) for compressibility effects) together with wind-tunnel lift and drag data presented in
each report for the wing planforms considered.

6.1.2 (Y,

Values of sideforce derivative due wllrrate, (Y,),, , from experimental data of Derivatioh$o 6 and
References to 10 were compared with predions in the regime whergY,) ~ varies linearly with lift
coefficient. Using Figure2 (Equation(4.5)) with Figure5 (Equation(5.3)) for compressibility effects,
90 per cent of the experimental data @i{B)W were predicted to wiHhid5

6.2 Applicability

The methods presented in this Item apply to wing planforms without camber, dihedral or twist, in the “clean”
condition,i.e. with high-lift devices retracted. The methods have been developed from data faredtap
wings (A = 1) , although the smadffect of taper can be accounted for, inlthear contribution tc(Np)W
at least, using Equatiqd.1). The methods of Sectiagh2 apply to wing planforms in the region where the
rates of change of yawing moment with roll re(fd,), , and sideforce with rol(hagke, , are essentially
linear with lift coefficient,C, . Equationg!.4)and(4.5)are therefore suitable for use at the project design
stage. Experimental evidence f(mp)w Jw however, invariably shows a non-linear dependence
on C, at moderate to high lift coefficients. Then-linear dependence @R )~ can be accounted for as
detailed in Sectiod.3 but the method is only usable if adequate data for lift and drag are available for the
wing planform considered.

Most of the experimental data studied were for low subsonic Mach numbers but a few data were obtained
for Mach numbers up to 0.70 and these confirmed the use of Equ@iahand(5.3) to account for the
effects of compressible flow oQ‘Np)W al@‘dp)w , respectively.
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Table6.1shows the ranges of the experimental data studied in the preparation of this Iltem and the methods
should be used with caution for wing planforms having geometric parameters outside these ranges, with
the exception of higher aspect ratios.

TABLE 6.1 Range of Experimental Data

Parameter Range
A 1.34t05.16
A 0.25t0 1.0
Ny, 0 to 60°
M 0.13t0 0.70

For the experimental data considered, the yawing axis was close enough to the aerodynamic centre of the
wing for the assumptior,. = 0  to be made.

7. DERIVATION AND REFERENCES
7.1 Derivation

The Derivation lists selected sources that have assisted in the preparation of this Item.
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3. FISHER, L.R. Approximate corrections for the effects of compressibility on the
subsonic stability derivatives of swept wings. NACA tech. Note 1854,
1949.
4, GOODMAN, A. Investigation at low speeds of the effect of aspect ratio and sweep on
FISHER, L.R. rolling stability derivatives of untapered wings. NACA Rep. 968, 1950.
5. BREWER, J.D. Effect of taper ratio on the low-speed rolling stability derivatives of
FISHER, L.R. swept and unswept wings of aspect ratio 2.61. NACA tech. Note 2555,
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6. WIGGINS, J.W. Wind-tunnel investigation effect of sweep onolling derivatives at

angles of attack up to 13° and at high subsonic Mach numbers including
a semi-empirical method of estimating the rolling derivatives. NACA
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8.

8.1

EXAMPLES

Example 1

It is required to estimate the planform contributionslfo d for awing, with geometrical parameters
A=6andA\,, = 30° , with fully attached flow at a lift coefficient of 0.15 and a Mach number of 0.7. The

yawing axis is located at the aerodynamic centre of the wiagk(./b = 0).

From Figuresl and2 with A=6 and/\% = 30° , for incompressible flow,

{(NP)W} = —0.047 and {%"} = 0.293.
CL o CL o

From Figuregt and5 with /\1/4 = 30° andM = 0.70, the correction factors for compressible flow are

[Ny /S, (Y /T,
[N - 0.919 and AN 0.944.

Therefore, for compressible flow, sk = 0.7,

"(Ny
= —-0.047x0.919= —-0.0432
CL
L M
[Ypw
and C_ = 0.293%x 0.944= 0.277.
L Im

Thus forC, = 0.15 ’[(NP)W]M = —0.0432x 0.15= - 0.0065

and [(Yp)uly, = 0-277x 0.15= 0.0416~ 0.042

11
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8.2 Example 2

It is required to estimate the planform contributio for a wing planform in incompressible flow over
a range of lift coefficients including conditions for which vortex separation occurs on the wing leading
edge. Data for the change of viscous drag coefficient with incidence for the lift coefficient rangemshsid

is supplied (Tabl8.1). The geometrical parameters of the wing planformfare.61 and\1/4 =60° .The
yawing axis is located at the aerodynamic centre of the wiagx( /b = 0).

TABLE 8.1
C, 0 01| 0.2 0.3 0.4 0.5 0.6 0.7 0.8
dcp
e 0 0 0.0006 0.0014 0.0022 0.01p3 0.014 o0.016 0.016
(per degree)

ForA=2.61 and/\1/4 = 60° from Figurg, for incompressible flow, for the lgar ontribution

{(Np)w

C, } = —-0.154.
O]

From Figure3, for the non-linear increment,

(ANp)W/(dCb/da) = 10 degrees.

The total planform contribution t(i\lp)W from Equati@h4) plus Equatior(4.6) is,

_ [(Np)y, (AN),, dCp
(Np)w—CL{ C, L*(dcb /da) da

dcy
da

ie. (N),, = C (- 0.154 +10x

The calculation forCL = 0.5 will be carried out as an example. From Ta&Hlefor C =05,
dCp /da = 0.0103 per degree, so th&Np)W = 0.5(—0.154 +10(0.0103 = 0.026 . The results of the
calculations for the other values 6f are given in T&akand illustrated graphically in Sketéhl

TABLE 8.2
C. 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
(Np)w 0 -0.015, -0.02% -0.032 -0.040 +0.026 +0.048 +0,052 +0.037

12
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0-06 T T T T

0-04

Non-linear prediction
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Sketch 8.1 Yawing moment derivativd A = 2.61, A1/4= 60°)

13
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FIGURE 4 (continued)
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FIGURE 5 CORRECTION FOR THE EFFECT OF COMPRESSIBILITY ON (Yp)w
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