5T 71017

AERO-NORMALISED STABILITY DERIVATIVES:
EFFECT OF WING ON YAWING 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 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 thaatesstic length. The derivative

N, is often written asC,, in other systems of notation, but attention must be paid to the reference
dimensions used. In particular, in formi@gy,  differentiat@n may be carried out with respa@\to

notrb/V as implied in the Hopkin system. Itis also to be noted that a constant datum walsewfployed

by Hopkin.
Sl British
A aspect ratiop?/S
b wing span m ft
by flap span m ft
Cho wing drag coefficient at zero lift
C. wing lift coefficient
C, yawing moment cefficient, N/%pV2Sh
C, root chord m ft
C; tip chord m ft
f function ofb; /b and\ , see Equati¢d.1)
M Mach number
A yawing moment about the origin N m Ibf ft
N, aero-normalised yawing moment derivative due to yawing,
(0-#10r)/%2pV S
r angular velocity in yaw rad/s rad/s
S gross wing area m2 ft2
Vv aircraft velocity reltive to air m/s ft/s
ACp, increment inCp, due to deflection of trailing-edge flaps
AN, increment inN,, due to deflection of trailing-edge flaps
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Ny, sweepback of ¥4-chord line degree degree
A taper ratio,ct /cr
P density of air kg/m3 slug/ft3
Suffixes
Y denotes quantity arising from lift-dependent drag due to trailing
vortices
w denotes wing total quantity
denotes quality relating to wing of taper rakio
0 denotes quality arising from wing drag at zero lift.
y
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PLAIN WINGS

Figuresl and2 present data for the contribution of a straight-tapered swept wing to the aero-normalised
yawing moment derivative due to yawing in low-speed flow at lift coefficients for which the flow remains
fully attached (see Item No. 66033 for wings with symmetrical sections).

Figuresla andlb present data faN,, , the componenipf, derived by consideration of the asymmetric
distribution of the profile drag (Derivatiorisand2). Data are presented to cover useful ranges of aspect
ratio and sweepback of the %-chord line.

Figures2a to2d present data foN,,, , the component\pf, derived by consideration of the asymmetric
distribution of the lift-dependent drag due to the trailing vortex system (Deri@tiontaper ratiod = 0 ,

0.25, 0.5 and 1.0 respectively over the same ranges of values for aspect ratio and sweepback as those
Figurela. The data given in these Figures strictly apply only to the case when the centre of gravity of the
aircraft (@sumed to be the centre of rotation) coincides with the wing aerodynamic centeffethef

there being a finite distance between the centre of gravity and aerodynamic centre is small over the range
likely to be experienced in practice. For further information see Derivation
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The total contribution of the wing to the aeronormalised yawing moment derivative due to yawing is given
by the sum of the two components obtained from Figliesd2, i.e.

N
New =5 Coo* 7 C?. (2.1)
L

The curves given in the Figures were derived from simple strip considerations using lifting-line theory.
Since the wing contribution thl,  is generally small canggl with that from the fin andidder assembly
(see Item No. Aero A.07.01.00), the unsophisticated treatment was felt to suffice.

Agreement between values Nrw estimated from this Item and the available wind-tunnefatata
fully-attached flow conditions (Derivatiofh and Referenced, 6 and7), is in the worst cases within
experimental scattgrt0.01)

Experimental data for the effect of dihedrak{®enceb) show that this parameter has a negligdifect
provided that the flow remains fully-attached.

No theoretical or experimental data are available concerning the effects of compressibhity, on A
considerable part of its effect could be accounted for simply by use 6fthe Cand values appropriate
to the required Mach number and by replaciAgand A,, in Figure2 by A(1-M2)”2 and
tan_l[(l—MZ)‘l/ztanl\l/A] , respectively.

3. WINGS WITH FLAPS

There are few data available concerning the effects of flaps on the yawing stability derNative, . From
these data the indications are thateffects of leding-edge flaps are negligible (Refere@eFor these
cases, therefore, the plaimng data can be assumed to apply to the wing-flap combination, for lift
coefficients well below the stall. Farings with trailing-edge flaps Derivatiohgives an expression for
AN,,, the incrementim,, due to flap deflection, for unswept wings, and this is here tentatively modified
to account for wing sweep to accord with some experimental data given in Ref@rgiviag

NroO, 2
AN, = Dogf seC/\, AChH,, (3.2)

where(N,,/Cp) is for the plain wing, and is obtained from Figurghe parametet which is a function

of b;/b andA , is presented in Figude The total component due to the drag at zero lift is given by the
sum ofN,, (see Sectia?) andAN,, . The component due to the trailing vortex system of the wing-flap
combination may be obtained from Fig&resing theC, appropriate to the combination.

Agreement with the experimental data (Derivatioand Reference’ 4 and8) using the method of this
Item is within£0.01 for lift coefficients well below the stall.

The use of this Item for wings fitted with flaps should be considered tentative in view of the small amount
of experimental evidence available.

" Where the results are derived from oscillatory measurements it was found possible to ignore the influence of frequendiudad ampl
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4.

SEPARATED FLOW

As stated in Sectio the data given in this Item apply strictly only to those cases where fully-attached
flow conditions exist. Under separated flow conditions the yawing moment is likely to be highly non-linear
and two further parameters, frequency and amplitude of the oscillatory motion, become important. These
additional considerations, combined with the fact that relatively few test data for separated flow conditions
are available, currently preclude the development of a generalised procedhirEgime. For this reason

it was felt helpful to include a bibliography of reports for experimental work covering these conditions (see
Section6).

DERIVATION AND REFERENCES
Derivation

The Derivation lists selected sources that have assisted in the preparation of this Item.

1. CAMPBELL, J.P. Experimental determination of the yawing moment due to yawing
MATHEWS, W.O. contributed by the wing, fuselage, and vertical tail of a midwing
airplane model. NACA ARR 3F28 (TIL 457), 1943.
2. TOLL, T.A. Approximate relations and charts for low-speed stability derivatives of
QUEINJO, M.J. swept wings. NACA tech. Note 1581, 1948.
References

The References are sources of information supplementary to that in this ltem.

3. HARMON, S.M. Determination of the damping moment in yawing for tapered wings
with partial-span flaps. NACA ARR 3H25 (TIL 481), 1944.
4, COTTER, W.E. Summary and analysis of data on damping in yaw and pitch for a
number of airplane models. NACA tech. Note 1080, 1946.
5. QUENO, M.J. Investigation of effects of geometric dihedral on low-speed static
JAQUET, B.M. stability and yawing céracteristics of an untapered 45°
sweptback-wing model of aspect ratio 2.61. NACA tech. Note 1668,
1948.
6. GOODMAN, A. Investigation at low speeds of the effect of aspect ratio and sweep on
BREWER, J.D. static and yawing stability derivatives of untapered wings. NACA tech.
Note 1669, 1948.
7. LETKO, W. Effect of taper ratio on low-speed static and yawing stability derivatives
COWAN, J.W. of 45° sweptback wings with aspect ratio of 2.61. NACA tech. Note
1671, 1948.

8. LICHTENSTEIN, J.H.  Effect of high-lift devices on the low-speed statierédhtand yawing
stability characteristics of an untapered 45° sweptback wing. NACA
tech. Note 2689. 1948.
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on the lateral stability derivatives for a delta, a swept and an unswept
wing oscillating in yaw. NACA tech. Rep. 1357, 1958.
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triangular, swept and unswept wings and of a triangular wing-fuselage
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yawing oscillations. NACA tech. Note 4390, 1958.
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7.

EXAMPLE

Estimate the aeronormalised yawing moment derivative due to yawing in low-speed @pwa0.7 for
a wing with a deflected trailing-edge flap. The geometrical and aerodynamic data for the wing-flap
combination are as follows:

A=8, A = 0.25, A, =40°, b/b=0.6, Cpg=0.0095 ACy, = 0.06.
From Figuresla andlb forA = 8, A,, = 40° and\ = 0.25,

N N .~O (N OICDO) _
0 _ Eprom |:| - A=025_ _ .239x 0.70= — 0.167.
Coo po} —; (Nro/Cooly =g

Thus,N,y = —0.167x 0.0095= — 0.00159.
From Figure3, forbf /b =0.6 andA = 0.25,f =0.327.
Hence, from Equatio(B3.1)

NoO L 2
AN,y = g fsec/A,, ACy,
pol]

= -~ 0.167x 0.327%( 1.308x0.06
= —0.00558

From Figure2b, forA = 8 andA,, = 40° ,

N
¥ = _0.00295
CZ
L
Hence, N,, = —0.00295¢ 0.7
= —0.00145.
Therefore NrW = Nro"'ANro"' er
= —0.00159- 0.00558 0.00145
= —0.0086.
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THE PREPARATION OF THIS DATA ITEM

The work on this particular Item, which supersedes Item Number Aero A.07.01.02, was monitored and
guided by the Aerodynamics Committee which first met in 1942 and now has the following membership:

Chairman
Prof. G.M. Lilley — University of Southampton

Vice-Chairmen

Prof. D.W. Holder — University of Oxford

Mr W.F. Wiles — Rolls-Royce, 1971, Ltd

Members

Mr E.C. Carter — Aircraft Researdssociation

Dr L.F. Crabtree — Royal Aircraft Establishment

Mr R.L. Dommett — Royal Aircraft Establishment

Mr H.C. Garner — Royal Aircraft Establishment

Mr J.R.C. Pedersen — British Aircraft Corporation (Guided Weapons) Ltd
Mr M.W. Salisbury — British Aircraft Corporation (Weybridge) Ltd
Mr J. Taylor — Hawker Siddeley Aviation Ltd, Woodford
Mr J.W.H. Thomas — Hawker Siddeley Aviation Ltd, Hatfield

Mr J. Weir — University of Salford.

The member of staff of the Engiering Sciences Data Unit concerned is:

Mr P.D. Chappell — Head of Aircraft dion Group.
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