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Summary

The demping derivative Ké» for rolling oscillatiens of a swept
and an unswept wing, each of aspeot ratio 6, is calculated for a range
of frequency paramcter values, The theory used is outlined in Ref., 1,
and is not described in detail in the prescnt nole.

Good agromsment wiith experiment (2) 18 obtained for the larger values
of the froquency parameter, For the leowor valnes the results diverge
slightly; this diffurcnce may be partly duc to the approxamations made in
the calenlation, and partly dane to the greater importance of tunnel wall
interferencc effects as the frequency parsmeter tends to zero (3:&).

1. Introduction

In view of the prcsent day interest in swept wings, tho devalopment
of motheds of caleoulating the aerodynamic forces, on wings of such plan
form, 1s of considerable importance. Various mothods have boen suggeuted
fsr dealing with the case of steady motion, but apart from the theory
proposed in Ref., 1, the wrater knows of no relatively quick methpd of
caloulating flutter derivatives which coan be expocted to give sufficient
accuracy when applied to swept wings. The method of Refs 1 is used here
with several simplifications, to calculate the acrodynomic damping for
rolling oscillations of small amplitude, for a swept and an unswept wing,
Both wings are of aspect ratio 6, and the swept wing has a constant shord
and 41.3 aweepb?cg. Measurements of the dampang have been made for theee
particular wings 2), and the results are compared wath the calculated
values in Fige 3.

As yct, there is little cvxperimental evidence available for
flutter derivatives for swept wings, with which to compare caloulated valuss,
But measurements of the aerodynamic damping for pitching oscillations of a
delta wang, are to be carried oul at both low and high speeds, and thess
results when obtained will provide a further check on the theory. Caloulations
for this particular wing are alrcady in progress for incompressible flow
conditions. The present theory ignores compreasibility offects, but an
attempt will be made later to allow for them,

2. Theogg

The theory assumes that the wing is replaecd by a thin sheet, #he
mean of the upper and lower surfaces of the asrofoil, and that the devinticns
of this sheet from the z = © plane are smalle(seo Fige 1),

In/
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In the mean wing vosition, the leading and trailing cdges lie in the plane
z = 0. In the notation of Ref.t, any point (x,y) on the wing can be
defined by the chordwise purasmeter Jd and lhe spanvise parametcer 7,

vhere & = ~cos @ and 17 = J/8.e

Plane =z =0

O

Fra. |

For simple harmonic e¢scillations, the norwal dnwnverd displacement of

C »

%x,y) is dofined as z = =~ z' ¢*PY | whore p/2m is the Proquoncy of
2 2s

cosciliation; and for oscallotions in roll AR p— ‘ntﬁ' wherc ;6‘ is

Q

\
[y

the anéular displacement at the wing tip.

As/
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As in Ref, 1, it 18 assumed that the osciliations are of small
amplitude, and that the disturbed flow can be reproduced by a distribution
of doublets of amplitude® K(x,y) over the wing and its wake. The problem
is to determine the distribution K , such that the corresponding normal induced
velocity distribution W will satisfy the tangential flow condition for
rolling oscillations. For the present calculation it is assumed that
K = oV (8! +8g) L Coy Ay , the expression being limited to three terms in

.. A syumetrical or an antisymmetrical mode of motion is represented
according as m takes 0dd or even values, The Cg,'s are arbitrary constants,

and ohy £ B’!F“ -9’1----7]2 where n dis the spanwise parameter.

The function Sg = 8in6 > where O is the chordwise parametsr.
The function S} is also dependent on the frequency, whorc the parameter
A = i po/2V, end is given as the integral

g
0
Sy = eME coses @ - |1 = C(\")bot - oM'E az
2

when - 1€ Z€ 1 ,-:nd as S! sne~MEX, (') when &2 4,

The functioms C(A') = K(') (ko (M) + By(A*')] and

X, () = c(a) o) + [1-0(a)] 1y(1') are in temms of modified
Bessel functions, of first and second kind.

The corresponding downwash W 13 given in the form
W = V ZCom Woy » vwhere VWop = Wip + Wom » Since in two-dimensions
ﬁa‘, = (g and Wg = 1 at all points on the aserofolil chord, it may be
essumed that in three dimensions WY, is amall compared with Wop
It is also assumed that Wi, and ng each have a constant value in the

chordwise dirsction, and that it is only necessary %o calculate their valucs
at one point on each chordwise section. Thus, when Wgp is known at a
number of collocation points (xg,:ﬁ) along an axis in spanwise direetion,
the oceefficients Cgp oan be chosen to satisfy the tangential flew condition

ZCopWom = M 2'.,

When the coefficients C_, are known, the doublet distribution
K and the 1ift distribution pVI" may be determined. In the notation of

Ref. 1,
T = V(Y +Tp) Oy Ay

e
where TL = 2 gtoesec B - [1-C(A')] cet -}
2
I'd = 2 {cot =~ cosec® + ) sin 6}
2

3. Caloulation of the Downwash

It ias shown in Refs 1 that the downwash W can be -eatimated
appraximately, by replacing the continuocus douhle-t,d:?gtribution oSAn by
a finite system of doublct strips.

The doublot® distribution oS"(E))Am(T]) is independent of the
frequenoy and ean be replaced by a "126 Falkner lattice", see Ref, 5, of

‘ rec tan,gular/

————— . - s s T o

¥ ¥or convenience the factor oiPY is emitted throughout and the
distributions are referred te in terms of amplitudo.

X A doublet distribution of constant strongth cxtending over an ayea tao
aquivalent to a vertex filament slong its boundary,
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regtangular vortices. A typical vortox of width 23y
cLo{n}Ay(n1) 4is located at the spanwisc position 7y

2n - 7

position e el s, where n

= 1, 2 ves 6 . The factors

chogen on a two-dimensional theory basis as indicated in Ruf. 1,
downwash induced at a particular poant in the plano of a rectangular vortex
of unit strength, is cbtained from Tables (6) which wore constructed for

ugu wath the vortex lattice method (5, 7)., Using thesc Tablcs,
dus to a rectangular vortex of gtrength cL;(n)Am n1) is cstipated and by
summation the total downwash W,y dis caleculated for any crllocation poink

on the wing.

and oconstant strength
end the chordwise

Lo(n) are

The

the downwash

Bince Wl is small compared with ng » its value need not be
determined se¢ accuratoly. Fer the prescnt calculation at iz assumed that
sufficient accurasy will be obtained by concentreting the circulation
oS8 ) () along a kinked linu through the collocation point
&g shown in Pig, 2, This corrosponds to the lifting linc concept used in

steady motion thoory.

(";1: 7'}1)

AN

by v

A cypical lﬁi:iz,;
douvblet sbrip

i

3

N ]
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N
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Thus oS3A, ia-replaced by a distribution of doublet strips of sirsngth
08! (r) o™ (& - £4)a_ extonding from ths line to infinity. The downvesh

at (51,1'}1) is calculated by the use of Tables of the downwash distribution
W, due to a nerrow doublet strip s4e=M& having a oconstant strength
spanwise. Values of V¥,,, calculated from formulae given in Ref, 1, have
been tabulated by Mathematics Division, NyP.L. These tables hove not been
published as they proved very dzfficult %o use, and more convenient tables
are at present being preparcd for use in future calculataions.

Por the prescnt solutions collocation points were taken at the
spanwise positions 1 = 0.2 , 0.6 and 0.8 ; they were placed on the
} chord for the rectangular wang and on the 5/¢ chord for the swept wing,

Lo Acrodynamic Derivative Coefficients

The fundamental aerodynamic derivative coefficients are defined
for wings of any plan ferm in Ref, 8 and are derived from the lift distribution
OVT' « For a constant chord wing describing oscillations in roll, tae
stiffness derivative N5 and the demping derivative A¢ are expressed as

1 - Lt
- (A -G+ i) ol = (Iy +iLy) ! = e
3

where L' is the amplitude of the rolling moment at the wirg tip and
w = frequency parameter = pc/V . .The aerodynamic inertia coefficient
Aé 1is obtained from a solution for y..,po and is defined as

g

Jlag o () M

The derivatives A4 and A3 are ealculated for values of w
to a maximum value 2 , The values are tabulated in Table 1 for the swept
and unswept wings for both symmetrical (S) and antisymmetrical (A-S)
modes of motions The values are plotted against w in Figs 3 and L.
The experimental results recently obtained for both wings(z% are graphed
for compari?os\, and the values cbtained for the rectangular wing by
W. P. Jones{?) are also included.

(2) Demping Derivative A (Fig, 3)

, For w > 0.5 thsre is good angreement between the caloulnted wlues
of A3, for both 8 &nd A-S modes, and the experimental results which
correspond to a S5 modc ef motion. For w<0.5, the 8 and A-S
theoretical values diverge se that at ¢ = 0,13 there is a difference
of 108, VWhile the S values agree with the exporimental results for the
roectangular wing, the A-S wvalues agree for the swept wing. It is thought
that the latter effect is partly duc ts the difference in chordwise positioning
of the colloocation points, see 83 above. The present values also compare
well with those of Refse 9, the S wvalues being slightly higher and nearer
the experimental curve,

. Both theporetical and efperimental results indicate a decrease in
A¢ as the sweepbakk increases. The decrease for the wings considered here,
is of the order of 10=-15% for a sweepback of L41.3".

\ The/
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The calculation indicates that the solutions used are not very
sengitive for ¢ >0.5 , but for the lower values the approximetions assumed
mey have resulted in a loss of accuracy. The question of convergence and
accuracy of solutions used, in applying the theory of Ref. 1, will be
considered in future calculationas.

Wind tunnel interference effects may also contribute to the
difference in the results for w< 0.5. As shown in Ref. 3 and 4, these
effects are important at low values of the frequency parameter, and the
correction required to allow for these effects increases as W decreases.

(b) Stiffness Derivative Ao (Fig L.)

\ Although the calculation vas pramarily undertaken to determine
A , values of ¢ are included to compare with the experimental rcsults.
The values obtained, differ considerably from those of experiment. They
indicate an incorease in %¢ with increase in sweepback in contrast to the
experimental evidence of a decrease. It is daffioult however, to obtain
reliable results theoretically, since A¢ depends on the small difference
between the two numbers L4 and Ly , and in the present approxamate
golutions any inaccuracies w1%l be magnified. Results for the rectangular
wing, obtained by W. P, Jones 9} also show a wide variation between the
values for the S and A-3 modes; but the S wvalues are in rough agreement
with experiment., In flutter caleculations, however, this particular
derivative is not of great importance and it is often neglected altogether.

Be Conoluding remarks

The solutions used in this note appear to be satisfactory for the
oalculation of the damping for rolling oscillations of wings of aspect
ratio 6. But, it iz rcaliscd that the methed, in the simplafied form used
here, would probably not be sufficiently reliable if used for the calculation
of torsional derivatives or when a plicd $o wangs of low aspect ratio,.
Calculations of the derivatives for a delta wing of aspect ratio 5 are now
in progressusirg the full schome of Ref. 1, and the results, in conjunction
with measurcd valucs, will provide morc anformation on the application of
the method and a further oheck on its accuracy.
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Derivative Coefficient for Rolling Cscillations

Rectangular Wing of Aspect Ratio 6

e R
w A ‘ A
e o e e e b o £ e s e 20 et g e i s e
symmetrical

—————————— .i..-.....-—_.,..-.—_-n..-——u-.---————_—d
boL/30 0,013 ! 1.510
2/3 0.132 1,314
Vi 0.228 | 1,193
2 0.266 i 1104

__________ e i s e e e e e ot e e e

antisymmetrical

L e 1m0 9 o e 0 P e (e Py s U 2 S e e A = e 7 0 O e B
L/ 30 0.006 1.380
2/3 0,09% 1,282
L/'3 04181 ; 1.186
2 0.27h | 14159

N AR N

w I M l A
IO, YUY S J
gyrmictrical
L/ 30 0.015 1.381
2/3 0.173 1.472
L/3 0,381 1.040
2 0.603 0.967
|
antigymme trical
s S S S T' ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ . m
L/ 30 0,007 1.255
2/3 0,139 1.152
W3 0.367 1.026
2 0.603 0,92
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