
72021�

 Item
es with
ivative
ensions
EFFECT OF WING ON ROLLING MOMENT DUE TO YAWING

1. NOTATION AND UNITS

The derivative notation used is that proposed in ARC R&M 3562 (Hopkin, 1970) and described in
No. 86021.  Coefficients and aeronormalised derivatives are evaluated in aerodynamic body ax
origin at the aircraft centre of gravity and with the wing span as the characteristic length.  The der

 is often written as  in other systems of notation, but attention must be paid to the reference dim
used.   In particular, in forming  differentiation of  may be carried out with respect to rb/2V not rb/V
as implied in the Hopkin system. It is also to be noted that a constant datum value of V is employed by
Hopkin.

SI British

aspect ratio, 

lift-curve slope at zero lift rad–1 rad–1

slope of lift increment curve with flap deflection in 
two-dimensional flow

rad–1 rad–1

wing span m ft

spanwise distance between inner ends of flaps m ft

spanwise distance between outer ends of flaps m ft

wing lift coefficient

wing rolling moment coefficient, 

root chord m ft

tip chord m ft

function of aspect ratio (see Equation (3.1))

function of aspect ratio (see Section 3.4)

function of sweepback of quarter-chord line

wing rolling moment N m lbf ft

aeronormalised rolling moment derivative for the wing, 

Mach number

angular velocity in yaw rad/s rad/s
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Sketch 1.1   

wing area m2 ft2

velocity of aircraft relative to air m/s ft/s

dihedral angle (see Sketch 1.1) degree degree

flap deflection degree degree

wing twist, i.e. angle between no-lift lines of root and tip 
sections (positive for wash-out) see diagram in Figure 4)

sweepback of quarter-chord line degree degree

taper ratio, 

density of air kg/m3 slug/ft3

Suffixes

denotes quantity arising from deflection of trailing-edge flaps

denotes planform contribution to 

denotes quantity in incompressible flow (M = 0)

denotes quantity arising from dihedral

denotes quantity arising from twist
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2. INTRODUCTION

The data given in this Item provide a means of estimating the contribution of a straight-tapered swe
to the rolling moment derivative due to yawing at lift coefficients for which the flow remains fully atta
(see Item No. 66033 for wings with symmetrical sections) and at Mach numbers for which the f
subsonic over the whole of the wing. Some data are included for slender wings of delta and gothic pla

The basic planform contribution (p) and the contributions due to dihedral , twist  and deflec
trailing edge flaps (f ) can be taken into account, i.e.

. (2.1)

3. INCOMPRESSIBLE FLOW ( M = 0)

3.1 Planform Contribution, 

Figure 1a presents data for the planform contribution to , which is proportional to the overa
coefficient. Ranges of aspect ratio from 1 to 12 and taper ratio from 0 to 1 are covered. The swe
function , involved in the ordinate parameter of Figure 1a, is given in Figure 1b for angles of
sweepback of the quarter-chord line up to 60 degrees. 

The curves given in Figure 1a were obtained by the application of lifting-surface theory (Derivation 11) to
unswept wings. The sweepback function in Figure 1b is empirical and was obtained using Figure 1a and
the wind-tunnel data of Derivations 4, 6, 7 and 12. The data were calculated on the assumption that
centre of gravity of the aircraft (assumed to be the centre of rotation) coincides with the longitudinal p
of the wing aerodynamic centre. The effect of the finite distance between the centre of gravity a
aerodynamic centre in practical cases is not however likely to be large. 

Agreement between values of  estimated from this Item and the available wind-tunnel data fo
wings (Derivations 1, 4, 6, 7 and 12) is generally within  per cent. 

Derivation 14 establishes expressions for the planform contribution to  in fully-attached flow rela
to slender delta and gothic wings with aspect ratios less than unity. These expressions may be red

. (3.1)

The function  for delta and gothic wings is plotted in Figure 2. Values for , the slope of the lift
curve at zero lift, for use in Equation (3.1), may be obtained from Item No.71006.

Comparison of Equation (3.1) with experimental data (Derivation 13) at low incidences for two low aspec
ratio (A = 0.53 and 1.07) delta wings obtained under oscillatory conditions are not conclusive
Derivation 14). Although agreement is within about 20 per cent for the lower aspect ratio mode
experimental data for the higher aspect ratio model are very erratic, being heavily dependent
oscillation frequency, and the agreement with Equation (3.1) is poor.
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3.2 Dihedral Contribution 

Figure 3 gives data for the dihedral contribution to  in terms of sweepback angle. These data
derived for untapered wings of large aspect ratio (Derivation 5) using lifting-line theory. The method o
Derivation 5 indicates that the effect of decreasing the aspect ratio is to decrease the dihedral cont
to , but the effect is negligible for aspect ratios down to about 4 or 5. There is very little experim
evidence with which to compare the theoretical data. Tests on an untapered wing of aspect ratio 2
45 degrees of quarter-chord sweepback (Derivation 5) indicate that Figure 3 provides values, for this case
at least, that are about 20 per cent low. It will be appreciated that this error would have been larg
effect of finite aspect ratio had been included in Figure 3.

For slender wings, with aspect ratio less than unity, Derivation 14 gives expressions from which the
following values may be deduced:–

 per degree, for delta wings, (3.2

and  per degree, for delta wings, (3.3

3.3 Twist Contribution, 

Figure 4 presents data for the contribution of wing twist to  for unswept wings. These data ap
those cases where twist is present on an unswept wing such that the local incidence is reduced line
spanwise distance from the root (wash-out) – see diagram in Figure 4.

The data are based on lifting-line calculations in Derivation 3 for aspect ratios up to 8. Above this aspe
ratio the data are extrapolated using as guides asymptotic values for two-dimensional flow and
estimated using the method of Derivation 2 for wings with rounded tips. 

In the absence of other information concerning the effects of sweep, and since on physical grou
effect of increasing sweep is to increase the magnitude of the twist effect on , it is suggested that t
use of the sweep factor given in Figure 1b may be made. 

No experimental data for the effect of wing twist have been found. 

3.4 Flap Contribution, 

Figure 5a provides data for the contribution to  arising from the deflection of trailing-edge flap
unswept wings of aspect ratio 12. The data are given in terms of an aspect ratio function, , wh
be obtained from Figure 5b, and in terms of the parameter , which can be considered a
change in incidence at constant lift coefficient equivalent to the deflection of the flaps in two-dimen
flow. This parameter may be satisfactorily estimated for plain flaps by using the inviscid flow value o
given by Item No. Aero C.01.01.03 and by using the lift increment  given by Item
74009 for split flaps and Item Nos. Aero F.01.01.08 and 09* for slotted flaps. It is useful to note that flap
not extending into the centre line of the wing may be taken into account by subtracting the value of
corresponding to  from that corresponding to .

* To convert lift increments from these Items (for A = 6) to two-dimensional flow conditions a factor of 1.4 (suggested by lifting-line theo
should be applied.
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The curves given in Figures 5a and 5b were derived from lifting-line theory (Derivation 3) and apply only
to unswept wings. To account for sweep effects it is suggested that the factor  given in Figur1b be
used.

Using the method outlined above, agreement with the only available experimental data for the e
flaps on  (Derivation 8) is good qualitatively with respect to trends due to the spanwise extent o
flaps but not so good quantitatively. The tests referred to in Derivation 8 were conducted on an untapere
wing of aspect ratio 2.61 with 45 degrees of sweepback, fitted with two sets of split flaps,

The method of this Item provides estimates which give errors of +6 per cent and about –70 per ce
compared with the experimental data for the flap contributions of configurations (i) and (ii) respec
The reason for the poor agreement for the nearly full-span flap of configuration (ii) is not obvious alt
it is worth noting that the experimental value of  for this configuration is almost as large as th
the nearly semi-span flap of configuration (i). This is not in accord with reasoning on purely ph
grounds which concludes that the flap effect of configuration (ii) should be very much less than 
configuration (i), a hypothesis which is substantiated on theoretical grounds by Figure 5a.

Some test data in Derivation 8 indicate that full-span leading-edge flaps contribute negligibly to . Th
are no data for part-span leading-edge flaps. 

4. EFFECTS OF MACH NUMBER

The effects of Mach number on the planform contribution to  for untapered wings at a give
coefficient are established in Derivation 9 by the application of a Prandtl-Glauert factor which is related
the local Mach number at any given spanwise station. Checks with similar calculations for tapered
(Derivation 15) show that the compressibility effect is generally greater than that for untapered win
the worst cases, for pointed wings, the increases are less than about 5 per cent provided that com
of low aspect ratio and low sweep are avoided ( , say). The data are here assumed to 
the overall value of  for both tapered and untapered wings. There are however no experimen
against which to check this hypothesis. 

Figures 6a to 6e present the variation of  with aspect ratio and sweep for Mach numbers of 0.4
0.7, 0.8 and 0.9 respectively. Linear interpolation between the given Mach number values sho
acceptable in most cases. 

5. OTHER EFFECTS

The effect of the fuselage is generally to reduce the value of  by a negligible amount Derivatio10). 

The tailplane contribution is usually much smaller than that arising from the wing and as such is u
neglected. 

If the centre of gravity of the aircraft is not at the same height as the aerodynamic centre of the win
will be a contribution to  arising from the side-force derivative , but this again is usually neglig

The contribution from the fin and rudder can be obtained from Item No. 82017. 

(i) ,  and

(ii) , .
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6. LIMITATIONS

The application of the data in this Item is in general limited to straight-tapered swept wings at lift coeff
for which the flow remains fully attached and at Mach numbers for which the flow is subsonic ov
whole of the wing. Some additional data concerning delta and gothic wings are given, and these ap
to aspect ratios less than unity. If test data for the sideslip derivative  are available for the re
configuration then the method of Derivation 10 provides good estimates for  throughout the l
coefficient range when compared with test data obtained under steady yawing conditions. 

The data given in this Item relating to slender wings, wing twist (particularly when applied to swept w
dihedral and trailing-edge flaps should be used with caution in view of the few experimental dat
which to check them. The same applies to the application of the data for the effect of Mach number, a
this is generally small for Mach numbers below the critical value. 

Under separated flow conditions the rolling moment due to yawing is likely to be highly non-linear. 
an aircraft is oscillating in yaw two further parameters, frequency and amplitude of the oscillatory m
become important, particularly so under conditions of separated flow. These additional conside
combined with the fact that relatively few test data are available, currently preclude the developme
generalised procedure for the separated flow regime. For this reason it was felt useful to inc
bibliography of reports for experimental work covering these conditions (see Section 8).
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9. EXAMPLE

9.1 Example 1

Estimate the rolling moment derivative due to yawing in low-speed flow at  for a wing 
deflected trailing-edge flaps. The geometrical and aerodynamic data for the wing and flaps are as 

A = 8, , , , ,

, ,  per rad and .

From Figures 1a and 1b for A = 8,  and ,

5. LICHTENSTEIN, J.H.
WILLIAMS, J.L.

Effect of frequency of sideslipping motion on the lateral stabil
derivatives of a typical delta-wing airplane. NACA RM L57F07 (TI
5664), 1957.

6. FISHER, L.R. Experimental determination of the effects of frequency and ampl
on the lateral stability derivatives for a delta, a swept, and an unsw
wing oscillating in yaw. NACA tech. Rep. 1357, 1958.

7. LETKO, W.
FLETCHER, H.S.

Effects of frequency and amplitude on the yawing derivatives 
triangular, swept, and unswept wings and of a triangular-wing-fuse
combination with and without a triangular tail performing sinusoid
yawing oscillations. NACA tech. Note 4390, 1958.

=

= 0.101 × 1.78

= 0.180.

Thus = 0.180 × 0.95 = 0.171.

From Figure 3 for ,

= 0.00147

Thus = 0.00147 × –5 = – 0.00735.

From Figure 4 for A = 8 and ,

= – 0.00175.

CL 0.95=
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The total derivative is therefore

9.2 Example 2

Find also the value of the derivative corresponding to the cruise condition for the wing of Section 9.1 with
flaps undeflected at  and M = 0.8.

Also, ,  and .

On application of the sweep factor from Figure 1b,

= – 0.00175 × 3 × 1.78 = – 0.00934.

From Figures 5a and 5b for A = 8, , , and
 degrees,

= 0.86 × 16.7 [– 0.003 30 – (– 0.000 98)] = – 0.0333

for . On application of the sweep factor from Figure 1b,

= 1.78 × – 0.0333 = – 0 .0593.

=

= 0.171 – 0.00735 – 0.00934 – 0.0593.

Thus = 0.095.

From Section 9.1, = 0.180.

Therefore = 0.180 × 0.5 = 0.090.

Thus = 0.090 – 0.00735 – 0.00934

= 0.073.

From Figure 6d for A = 8 and ,

= 1.223.

Therefore = 0.073 × 1.223

= 0.089.

Lr0( )ε

λ 0.25= bf /b( )
o/b

0.6= bf /b( )
i /b

0.1=
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Lr0( )
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+ + +

Lr0 Lr=
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FIGURE 1b  
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FIGURE 2  
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FIGURE 3  

FIGURE 4  
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FIGURE  5a  

FIGURE 5b  
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FIGURE 6  
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