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SUMMARY

The airforces arc given for an untapered wing of aspect ratio 2 and
sweepback L4LOC oscillating with symmetric distortion modes in incompressible
flow, The results are for frequency parameters of 0{0.6)3.8. These are
trezented both as influence matrices based on the displacement at a parti-
cular set of points and also as overall derivatives for modes of the form

In|® for n=0(1)4 where T is a non-dimensional sparwise co-ordinate.
The method used was the vortex lattice method. The standerd lattice was
modified by making the mesh size (in a chordwise direction) adjacent to the
leading edge smaller than that over the main part of the wing., Comperison
is made with some values obtained by a variant of the Multhopp method and
the agreement is good., An appendix shows how the vortex lattice method is
modified to obtain the virtual inertias.,
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1 Tntroduction

Thecareticel values of the airfarces on a particular oscillating wing
were required for comparison with experimental values being measured at the
Royal Aircraft Establishment. Details of the wing being used for the
experiments are

Aspect ratio - 1,995
Taper - none
Sweepback - 40°

For convenience in the calculations a slightly different wing was considered

heving aspect ratio 2 and sweepback tan™? 6(: 39° 48%), The effect of the
differences should be negligible, .

It was decided that the vortex lattice method1’2’3’# should be used
and opportunity was teken of testing whether any improvement in accuracy
over that obtained with a lattic: of constant mesh size would be obtained by
using a lattice whose mesh size (in a chordwise direction) along the leading
edge of the wing was smaller then that over the main part of the wing, It
was felt that this arrangement would give a more accurate representation of
the doublet distribution® since the rate of change at the leading edge of
the strength of the doublet distribution in a direction normal to the lead-
ing edge is infinite.

The method10 being used for the experimental determination of the air-
forces is one which gives only the differences between the airforces at some
airspeed and the airforces when the wing is osclllating with the same fre-
quency in still air. To be able to compare the experimental and theoretical
values it is necessary, therefore, to obtain theoretically the airfor-es for
the latter case. Thesge are usually Imown as the virtual inertia forcges.
Some modification of the vortex latiice method is required tc make it suit-
able for the determination of these forcea. This is described in the
Appendix, It is hoped to give numerical results in a later paper.

2 Method

The method used is based on that devised by Jon.es1 and applied by
Lehriand,¥, 1t is substantially the same as that described in reference 2;
the only important differences being the different lattice (Fig.1) and the
fact that the dowrwash velogities due to the semi-infinite doublet sheets
were cbtained from tables?:® rather than from the serics expressions given
in reference 2. For the case of zero airspeed further slight modifications
are necesgary and thesge are degcoribed in the Appendix,

The theory will not be repeated here, but we shell only give details
of the methods of presentation of the resulds. The notation is the seme as
in reference 2, Fig.1 shows the wing planform, the superyosed lattice and
the position of the collocation points, It will be noted that a mesh size
smeller than that used over the main part of the wing has been used a ong
those boundaries at which the rate of change of the discontinuity in the
velocity potential (&Vel®t) in a direction normal to the boundary is
infinite.

Two methods of presentation aré used for the results, One is en
influence matrix G based on the displacement at the collocation points.
The other is as matrices [82] ete. of the overall derivatives for a set of

modes of the form |[n]i,

¥ The wing 1s mathematically equivalent to a layer of doublets of
strength equal %o the discontinuity in the velocity potential across the
plene of the wing.
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2.1 Influence Matrix G
it

If Mije
(i3) then the virtual work done by the resulting pressure distribution in

is the dowrnward displecement at the collocation point

small displacements Gﬁzij e i (Por one wing) pszc Vs 2% pherer
S = =8Z16G1Z (1)
where Z is e column matrix of the displacements z:i.j i.e,
z = lz} (2)
where
3 = {24 (3)

and 0Z' is the trenspose of 8Z . G is independent of the mode of oscil-
lation of the wing,

In flutter calculations it is usual to write the displecements in terms

of the displecements in a set of assumed distortion modes. That is with X
distortion modes we write

7 = Pgq (%)

1

where

d = {q] (5)

is the column matrix of the coordinates of the degrees of freedom 9, and

P is a rectanguler matrix vhose terms are functions of the modes of the
degrees of freedom. We then have

S = -8ql,P'GPq . (6)

The matrix P'GP is thus a matrix of generalized aerodynamic forces
and will give immediately the eerodynamic coefficients for a flutter calcu-
lation with these degrees of freedom, If it is desired to obtain the aero-
dynamic forces with the virtual inerties excluded (e.g. for comparison with
experimentally determ.ned values) the matrix G should be repleced by

2
G+ Vv G (7)
where
S = - 6 2' - G 2 . (8)

2.2 Qverall Derivatives

The matrices of the overall derivatives are defined as follows. If
the displacement of any point on the wing is

* For the special case of zero airgpeed we write the virtual work

instead as —p5203 w2 Swezimt

..ll__



%z = zbclnli ﬂ!i-%ooosezb |'ﬂlr‘xr (9)
i= =

then the virtual work coefficient S is given by

[ - - 3 - ..1
AN e, Leg) || |
£s = -[oy, 8x'] + iv ,
(-m,] [-m] [-m,] [-m,] X
L — L e e -
T eeres (10)
where
v o= ) (11)
and
X = in] . (12)

Thus the overall derivatives are elements of a matrix based this time not
on the displacement at a particular set of points but on the displacement
in a particular set of modes, For the case of zero airspeed we similarly
define

(&) [&] ¥

s = -[eyr, bx'] . (13)
[-m'z'] [_m'd] x

— e —

A particular element of, for example, [&a] is written as [&a]i ;
and i3 the real part of the coefficient of - G\Iri . 'x,J. in %S .

3 Results and copclusions

The influence matrices G were determined for frequency parameters
v = 0{0,6)1.8. These are given in Table X, Overall derivatives &z] i3

etc, were cbtained from these matrices for modes of the form Inln with
n = 0(1)4, These are given in Tables I to VIII as matrices

[¢.] =1t {e.] ete, In Teble IX these values, for modes with n = O(2)4
2 271

are compared with values which Minhinnick has obtained by his variant of
the Multhopp method®*, It will be seen that the agreement is gquite good,
the differences being nearly always less than 107,

The generalised aerodynamic forces for any set of modes, which can be
expressed with reasonable accuracy in terms of displecements at the nine
coilocation points, can be obtained from the influence matrix G by means
of equation (6), Alternmatively these forces can be obtained from the
matrices of the overall derivatives by a similar matrix multiplication
(see reference 9),

® Minhinnick's method and results have not yet been issued, The
original extension of Multhopp's method to unsteady flow is described in
refaerence 8,
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Two further tables are appended, Tablc XI gives the chordwise loading
factors appropriate to the chordwise distribution of doublet layers used in
this work; and Table XIT gives values of the generalised aerodynamic force
for pitch about two spamwise axes, These axes, distant 0.1953 ¢ and 0.961kc
aft of the apex, are to be used in the experimental determination of the
derivatives for this wing.

As a2 check on the calculations a comparison was made with the steady
dc
motion values of Falkner7. Values of &EL and the position of the aero-
dynamic centre were determined from the present results for zero freguency

pearameter. These are

ac
L .
T = 2.352

Aerodynamic centre 0,586 ¢ aft of apex

which compares with the following values interpolated from Fa.lkner's7 results

L _
‘d?' - 2-35?

Aerodynamic centre 0,601 ¢ aft of apex .

Falkner's values were obtained, using a 21 x 6 lattice with equal
chordwise spacing, the standard solution being modified by an auxilieary
sclution to reduce the errors caused by the discontinuity at the centre
section. The urmodified values are

dc
L _
Tz = 2.411

Aerodynamic centre of 0.589 ¢ aft of apex,

From these figures one can conclude that a 21 x 4 lattice with smeller
mesh size at the leading edge gives at least as accurate a result as a
21 x 6 lattice with constant chordwise spacing. The amount of work required
increases with the size of the lattice and it does thercfore appear that the
use of a lattice of type used in this report is definitely advantageous at
least for desk machine work, For calculations on a digital computer it would
be beat to retain the lattice of constant mesh size as then simplicity is much

more important,

It is hoped to publish values of the virtual inertia derivatives and
influence matrix G at a later date, These will be obtained by the method

described in the Ap;endix.

LIST OF SYMBOLS

¢n,)
b = Diag {diag {-—--'1-} {see reference 2)

d
o] wing chord
d semi~width of doublet strip
G airforce influence matrix (see section 2,1)
G airforce influence matrix for zero airspeed (see section 2.1)
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No.

LIST OF SYMBOLS (Contd)

wing semi-chord

3 etc. overall derivatives (see section 2,2)
etc, metrices of overall derivatives (see section 2,2)
= L
[ qu]
chordwise loading factors
3 interpolation functions (see reference 2)
wing semi~span
virtual work coefficiert (see section 2.1)
virtual work coefficient for zero airspeed (see section 2,1)
2n~2 ) 2n~
= 1 »/1-—1‘? for symmetric modes, n il Y1-1¢ for antisymmetric
modss
eirgpeed
non~dimensional spamwise coordinate (sm = sparwise distance from
centre line of wing)
non=-dimensional chordwise coordinate (- ¢ cos 0 = distance aft
of mid~-chord)
ag
v
air density
circular frequency
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R. & M, 2961, January 1954
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APPENDTX

Determinetion of wvirtual inertias by the vortex lattice method

It can easily be shown that a thin wing oscillating in still air is

mathematically equivalent to a layer of doublets of strength k(= i&szelwt)
where Xk is the discontinuity in the velocity potential across the plane of
the wing, Since XK will be zero beyond the wing boundaries we can take

K = Tn cmn Km on the wing
m=1 n=1
= 0 outside the wing (A1)
where
'\
K, = 8in ©
.1
K2 = gin 6 + & sin 20 4 (a2)
XK = i sinm 6 - —= sin (m-2)6 (m>2) y
m m m=-2

and Tn are the usual spanwise loading functions, This 1s the same form
for K as we have used to obtain the forces at zero frequency parameter
except that K, has been changed from (8 + sin 8) to sin 0, Thus the

procedure to determine the C will be similar but with a different set of

As bef‘orez the L

chordwise loading factors L 1o

formulee

1p° are given by the

-
i L1P = K1(7t)
P=1
_ > (43)
L, }
E = U, p'=1.. (p~-1)
= 2n(cos 6p - ocos 19P,) P J

but in this case K_l('Jt) =0 and U“P" the two dimensional dowrwash due to

'.I‘(1 is given by

U

1

= U, (6,) = == 1 a0
Ty 2% cose-cos¢ae

ip?

1 cog O
= T f cog 0 - cos ¢d9
= .12- . (A4)



The dewnwash due to the assumed doublet distribution is

ot Z Z
iswe C n Wmn (a5)

m=1 n=t

where W an is the dowrwash due to (’,KmT . Thus the boundary condition to be
iwt B

satisfied is, with ¢ Ze the downward displacement,
fwp \ a fwt iob
iswe LZcmnwmn = -a-%-(tze Y = iwdgs (A6)

m=1 n=1 '

.0,
7
ZZcmnwmn..—sz . @7
m=1 n=1

The pressure distribution will be

ok 2 1wt
P3g © - psl o e ZZGanKm (A8)
n=1 m=1
and thus the virtual work in small displacements &, 522695'011t will be {for ome
wing) - ¢ cm3 s2uf swezlwt where

3 M5 L3
5, = -(-cﬁ-) [/K(—f) sin 6., 6Z . 46 dn . (49)
m
0 0

Proceeding as in reference 2 we obtain

s = -8E'R¥ (%)bz (210)
where
R = [I,,7] (a11)
J = [Jjn] (a12)
1 &\3
J. = -'i’-j =V .Q.(n) . dn (a13)
in (om o'[ (s) n 3
and n
iy = j K sin 8, Pi(ﬁ) ae . (A14)

o

The differences compared with the cese of non-zero airspeed are

(1) The use of a different X, function end hence different factors Iy .

(11} Different expressions for the integrals I, and Jj,, and hemce R
different,

(i11) Replacement of the term (2+ab) in the expression for the virtual work
coefficient by %'b . - 10 -
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1.2

0.6

1.2

1.8

(e, =
[e] =

[¢,] =

[€,]=

[¢] =

(¢,] =

[4,] =

[¢] =

0
~-0.1209
—-O. 053"("2
"'0- 0325&'4-
~0,02308
| -0, 01732

"Oo 5895
-0,2613
-0,1591
-0,4126

-0, 08,28

~1.4814
-0, 6583
"'O. 4009
-0, 2833
| -0,2118

1,176
0. 5159
0. 3096
0, 2162

0., 1601

71,133

0.4962
0.2974
0.,2075
| 0.1535

1.077

0.4701
0.2813
0.1962
| 0.1453

1.027
0, 4472
0,2671
0, 1861

| 0.1377

TAHIE I

Values of [82]

~0,06039 =0,03824
~0,03534  -0,02567
~0, 02438 -0.01890
=0.,01795 ~0,01439
~0,01359 ~-0,01413
-0.2801 -0, 1734
-0.1587 -0,1120
-0, 1082 -0,08137
-0,07939 -0,06171
-0,06004  -0,04765
-0, 6857 -0,4198
~0.3825 ~0, 2661
~0,2594 ~0, 1924
~0,1502 ~0, 1454,
~0,1438 -0,1122
TABLE IT

Values of [6h]

0, 5014
0.2538
0,1638
0. 1174
0, 08762

0. 4856
0, 2466
0.1593
0, 1141
0.08515

0.4613
0, 2341
0.1516
0.1089
0. 08450

0.4423
0,2238
0.144,8
0. 1044
0. 0779%.
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0.2963
0.1652
0.1119
0.08186
0, 06182

0.2891
0,1621
0.1099
0. 08031
0,06057

0, 2768
0.1559
0, 1059

0.07759
0. 05861

0, 2687
0,1511
0,1025
0, 07504
0. 05663

-0, 02630
~0.01935
-0,01160

~0,1212

-0, 08370
-0, 0632
-Oo %921
-0, 03871

~-0,2928
"'0. 1 985
-0,1487
=0,1153
~0, 09058

0.1210

0, 08420
0, 06254
0. Q4768

0,2022
0.1196

0. 08327
0, 06171
0. 0463L

0,1957
0,1166
0, 08128
0. 06022
0.04577

0,1923
0. 1146
0,07968
0. 05884
0. 04460

~0.01977 ]
"oa 0114-8!{-
~0,01470
"'oo 0093’4'8
=0, 00714'87_1

-0, 08899
-0, 064,03
-0, OL97L,
-0, 03946
—0.0312+8_J

~0,2152
~0.1517
~0,1168
~0, 09229
-0, 07344,

0,152,

0.09236
0. 06543
0. 04511
0, 03773 |

0.1504
0,09189
0. 06503
0. 4866
0.03724 |

0, 1470 ]
0. 09056
0, 06410
0, 04784
0.03652

0.1459 7
0. 09003
0, 06345
0. 04711
0.03579
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TABLE III

Values of [-mz]

1'2

1.8

0.6

1.2

1.8

[m]= o0
{-m ] =|-0,01568 -0.006542 -0,003658 -0,002387 -0, 001666 |
-0,007271 ~0,002962 ~0,001659 ~0,001102  =0,0007865
-0,004505 ~0,0017L3  =0.0009675 =0,0006557 =0,0004812
-0,003187 -0.001166 -0,0006380 ~0,0004406 ~0,0003319
| ~0,00237% ~0,0008255 ~0,0004450 ~0,0003124 =0,0002410
[-m ] =| -0.03728 ~0,01640  -0,0094,82 ~0,00628, =0, 004422
2 -0,01626 -0,006931 =0.004,067 -0.002800 -0,002055
-0,009697 ~0,003822 =0,002232 =0,001597 -0.001226
-0,006738 -~0.00242}, =0,001392 ~0,001032 -0, 0008253
| -0,004972 ~0,001639  ~0,0009207 -0,0007050 -0, 0005856 |
[-m_ ] =|-0.05658 ~0,0264  -0,01606 -0.0110  -0,007993 ~
2 -0,02263 ~0,01029  ~0,006548 =-0.004831  ~0.003741
-0,01269  -0,005239 ~0,003403 -0,002682 -0, 002208
-0.008540 -0,003101  ~0,002011 -0,001680  -0.001457
| —0,006190 -0,001968 -0,004259 -0,001113 =0, 001013
TABLE IV
Values of [—ma]
(-m ] = [0.3291  -0.1354 -0,07595  -0,05018  -0,03556
a -0.154,  -0,07581  ~0,04793  -0,03389 -0, 02508
-0, 09682 ~0,0%195 -0, 03504 -0, 02588 -0.01976
-0,06913 -0,03851  -0,02694  ~-0,02047  -0.01598
| -0.0518,  ~0,02941  -0,02107  =0.01634  =-0,01295
[-m ] =[-0.3226  -0.1338 ~0,07506  ~0,04940 =0, 034847
-0.1512  ~0,075,0  -0,04788  ~0.03382  =0,02.96
~0,09474 =-0,05178  =0,03516  ~0,02599 -0, 01983
~0,0675%9 -0,03839  -0,02707 =0,02062  -0,01611
-0,05067 ~0.02931  ~0.02119  -0.0164L9  =0.01310
(m ] =[-0.3297  -0.1388 -0,07804  ~0,05105  -0,03569
-0,1539  ~0,07883  =0,05Q44  -0.03551  =0.02608
-0,09624  =0,05425  =0.03719  =0,02752 -0, 02097
-0,06869 -0,04021  -0,02869  =0.0219%  -0,01716
| ~0,05153  =0,03068  =0,02248  ~0,01760 =0, 01402
[-m,] ={-0.2596  -0,1539 -0.08723  -0,05743  -0,03989 ]
~0,1672  ~0.08799  -0.05688  -0,04019  =0.02952
-0,1045  -0,06065  -0,Q4208  -0,031267 =0.02387
-0, 07458  =0,04494  -0.03248  ~0,02497  ~0,01958
-0,05598 ~0,03426  -0,0254%  =-0,02004  ~0,01602
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v 50

v = 0.6
v =12
v=1,8
v=0

v = 0.6
v=1.2
v=1,8

[H

le,]

[e, ]

1

I{]

[eE]

(e, ]

[5&] =

i

(e, ]

==
N

—
1t

[5a] =

1,176

0.5159
0.3096
0,2162
| 0,1601

1.1170
0.4892
0.2932
0.2045
| 0,151

1,042
0.4549
0.2725
0,1900
0, 1408

[0,9919
0.4323
0,2586
0,180

| 0.1336

[0, 580
0.2,38
0.1491
0.1058
0,07937

0, 64,02
0.2858
01747
0,1237

0, 09265

[[0.691.2
0,3100
0,189k
01340
| 0,1002

0, 7289
0.3258
0,1990
| 0,1051

TABIE V

Values of [{’%]

0.5014 0.2963

0.2538 0.1652
0.1638 0.1119
0,117} 0.08186
0.08762 0.06182
0.1,807 0.2856
0.2442 0.1605
G,1579 0,1089
0.1131 0.07967
0. 08141 0. 06014,
0,486 0,2679
0,2288 0,1516
0.1485 0.1034.
0,1068 0, 0760k
0,07997 0.05759
0.4273 0,256t
0.2183 01455
0,41420 0. 09954
0,1023 0,07331

0,07672 0. 05561

TABLE VI

Values of[ﬂd]

0.2534 0.1483
0,1491 0,1018
0,1032 0. 07601
0.07621 0. 05857
0,05779 0, 04569

0.2915 0.1713
0.1664 0,1123
0,1138 0, 08244,

0,08366 0,06303
0, 06331 0, 04897

0.3109 0, 1827
0.1743 0. 117k
0,1190 0,08563

0.08743 0, 06528
0, 06621 0, 05065

0, 3231 0,1903
0.1802 0.1214
0,1224 0, 08785

0.08985 0, 06682
0, 06806 0,05177

-3 -

€. 2059
0.1210
0,08420
0,06254
0. 04769

0.1993
0.1181
0,08237
0,06117
0, QU660

0.1877
0.1123
0.07877
0.05673
0, O 489

0,1803
0,1083
0.07619
0,05688
0, 04350

0,09739
0.07291
0,05750
0. Q4594
0, 03680

0,1139

0. 08060
0.06216
0. 04914
0.03912

0,1226

0, 08479
0, 06474
0, 05086
0. 0403

0.1290

0,08805
0, 06667
0.05213
0. 0,120

0.1524

0,09236
0065043
0, 0911
0.03773

0,1480

0, 09049
0, 06421
0, 4817
0.03696

0,1398

0, 08640
0,06167
0, 04604
0.03572

00131|'8

0,08375
0.05988
0.03470

0., 06740
0, 0536,
Oy Q1 3
0,03631
0, 02971

0.08012]
0, 05961
0.04773
0.03876
0. 03146

0,08727
0.06319
0,04588
0, 04016
0,93241 |

0,092717
0,06616
0,05165
0. 04125
0.03311




¥y =0

v = 0,6
v =1,2
v=1,8
y=0

v = 0,6
vy =1,2
v = 1.8

-0, 3291
REN
~0,09682
0. 06913
-0,05181,

[0, 3121
-0,1462
-0,09152
-0, 06523
-0, 04894

"'Oo 291‘!2
0,137
=0, 08566
-0,06108
| ~0. Q4573

(20,2866
-0,1331
~0, 08299
"'O- 0591 6

| =0, 04435

0,197
0.05425
0,03345
0.02378

0. 0178

[0,09565
0. 04261
0.02605
0.018L5
| 0,01383

0.08283
0.,03617
0,02183
0,015L0

0.01152

0, 07647
0,0329%
0, 01971
0, 01385
| 0,01033

TARLS VIT

Values of [-mé]

-0,1354  -0,07595
-0,07581 -0, 04793
-0,05196  ~0,03505
-0,03851 -0,0269%4
-0,02941  =0,02107
~0,129%L -0, 07282
~0,07292  ~0, 04643
-0,05008 ~0.03408
-0,03713 =0,02623
~0,02835 =0,02052
-0,1236 w0, 06950
«0,07004 -0, 04501
-0,04818 ~0,03314
~0,03571  =0,02552
~0,02725  «0,01997
~0,01220 =0,06939
«(,0692L,  =0,04490
~0.04769  =0,03307
=0, 03551 "'Oo 025’-!-5
TABLE VIII

Values of [-m,]

0.05662
0.02947
0,01917
0,01372
0, 01024

0. 04654
0, 02456
0.01608
0.01151
0. 008560

0.041415
0,02185
0. 01434
0,01029
0,007657

0.03825
0,02033
0.01337
0.009610
0,007168

0.03383
0,01938
0, 01345
0, G100k,
0, 007697

0, 02807
0, 01661
0,01168
¢, 008766
0, 006739

0,02533
0,01525
0,01080
0,008122
0. 006251

0, 02401
0, 01457
0,01033
0, 007769
0,005975

-0, 05018
"'01 03389
-0,02588
(), 020L.7
-0, 01634

-0,04812
-0.03291
-0, 02525
-0, 02001
-0, 01599

-0, 04615
-0.03195
~0, 02463
-0, 01955
~0, 01564

-0, 02464
-0, 01956
=0, 01561,

0.02258
0.01382
0,01016
0.007913
0, 006269

0, 01871
0.01198
0. 08970
0, 007046
0. 005605

0,01720
0,01127
0. 00BLB0
0. 006657
0, 005288

0.,01669
0,01102
0,008267
0,0061,56
0,005105

-0, 02508
-0,01977
-0, 01598
-0,01295

-0, 03407
-0, 02}4-56
=0, 01565
~0,01270

-0,03258
-0,01885
-0,01532
-0, 01246

-0,03232 ]
~0.02360
~0, (11886
~0,01535
~0,01243 |

0.01586
0.01022
0,007874
0, 006351
0, 005160

0, 01308

0, 00890k
0,007017
0,005716
0, 004667

0.,01223

0,008533
0.006736
0,005,466
0. 004445

0.01243 ]
0.008510
0. 006657
0,0053,8
0, 004314




are for medes 1, 1

(1)

(11}

TABLE 1X

Comparative values of deri{vatives

Comparison of valuas by vortex=lattice and Multhopp-Minhinnick method. These results

2

v « 0

(e,] = o

(2] = [T1.176 (1.181)
0.3096 (0.3064)
0.1601 (0.1559)

[wg]= o

[=n,] o[ 03291 (-0,3091)
~0,09682 (=0,09970)
L =0,05184 (=0,05357)

[¢] = [e,]
[£5] = ["0.5480 (0,6152)
0.1491 {0.1656)
0,07937 (0,08621)
[0 = [=n]
[-md]u 0, 1197 (0.1224)
[0.03345 (0, 03210)
0,01784 {0.01689)
Vv o 0.6

[2,] = [0.1209 (-0,1353)
=0, 01732 {=0,01807)

[2,] =T 113 (.18
0, 2974 (0.2936)
0,1535 (0.1492)

=0, 004505 (-0,004210)
~=0,002374 (=0,002289)

[=m,]= ['—0.01568 (~0,01504)

[wm,] = [=0.3226 (~0,3068)
=G, 09471 (~0.09801)
|_=0,05067 (=0,05268)

[£.] = [T 1.1170 (1.1064)
2 0,2832 (0.2906)
0,1514 (0,1475)

[£] = [:0-6402 (0,6937)
Qu1747 (041877)
0.09265 (0,09761)
[ome ] = ["0,3121 (-0,2968)
2 ~0,39152 (~0w09451)
~0,04894 (=0, 05100)

C.02603 (0.02454)

[-m.a] = [0.09565 (0.09602)
0,01383 (0,01284)

U, 2963 (0, 2820)
0. 1115 (0.1072)
0.06182 (0,06245)

~0, 07505 (-0,07391)
=0,03504 (~0.03570)
~0,02107 (=0,02228)

0.1483 (0.1620)
0,07604 (0,08117)
0. 04565 (0, 05136}

0.03383 (0.03369)
0.01345 (0.,01354)
0.007697 (0.007974)

-0, 03824 (-0, 04008}
~0,01890 {=0.01936)
-0,01113 (~0.01211)

0,2891 (0,2731)
0.1099 {0,1044)
0.06057 (0, 06087)

~0,003658 (=0, 003155)
=0. 0009675 (=0,0009335)
~0, 0004450 (=0, 000468)

=0, 07506 {=0,07421)
=0, 03516 (=0.03600)
=0,02119 (~0,02252)

0.2856 (0.2711)
0.1083 (0.1040)
0.06014 (0.06074)

01713 (0,1797)
0.08244 (0.08613)
0,04897 (0.05392})

=0,07282 (=0.07179)
=0,03408 (~0,03486)
(g 02052 (0402182}

0.02807 (0,02811)

0.01168 (0.0M191)
0. 006739 (0.007084}

n15-

+ 71 @and the values In brackets are the Multhopp-ifinhinnick enes.

0,06543 (0.06140)

0.1524 (0.1398) :,
0.03773 (003838}

~0, 01976 (=0.02054)

~0,03556 (-0-03657}]
~0.01295 (=0.01384)

0.04413 (0,05076)

0,06740 (008448}
0,02971 (0a03484) ]

0.007871 (0.008364)

0.01586 (G.01771)
0,005160 (0.005324) :,

=0,01170 {=0.01233)

~0.,01977 (~0,02144} ]
=0, 007487 (-0, 008358)

0,06503 (0.06008)

0.1504 (0,1357) :l
0,03724 (0,03761)

~0, 0004812 (=0.0004850)

~0,001666 (=0,001561) ]
=0, 0002410 (~0,0002430)

~0, 01983 (~0.02088)

=0,03484 (=0.03690} :'
=0, 01310 (=0, 01412)

0,06421 (2.05590)

-0,1480 {0.1347) :,
Q.03606 (0.03757)

0,04773 {0.05316}

0.08012 (0.09311) ]
0,03146 (0,03607)

~0.01931 {~0,02018) ]
~0,01270 (-C.01366)
0,01308 (0,01515)
C.007017 (0-007539):’
0. 004667 (0.004901)



(111}

v -]

[ed =
le,) =

(2,1~

1.2

[=0,5895 (=0.6384)
-0, 1531 (=0.1709)
_*Jv 08428 ("Oo 08808)

[~ 1,077 {1.035)
0,2813 (0.2727)
_ 0.1453 (0.1386)

[=0,03728 (=0, 04623)
~0, 009637 {=0,009484)

L0, 004972 {=0.004768)

=0s 3297  (~0.3155)
«0,09624 (~0.1001})

=0:05155 (~0.05350)

1,042 {1,023)
00,2723 {0.2691)
L_ 0»1408 {0.1370)

[ 0, 6942 (0,7384)
0u1894 (0,2028)
L 0,1002 (0.1056)

[=0,2942  (=0,2793}
~0,08566 (~0,08964)
L0, 04579 (=0,04798)

[~ 0,08283 (0,09120)
0,02183 (0,02083)
L. G, 01152 (C.01059)

TABLE 1X (Contd)

~0.1734 (=0,1808)

=0,08137 (~0.08409}
~0,04765 (~0,05198)

0.2768 (0.2600)
0,1059 (0.1001)
0,05861 (0.05836)

=0,009482 (=0.01022)
~0.002232 (=0,002492)
«0,0009207 (~0,001128)

«0,07804 {-0.07762)
=0,03719 (=0,03848)
=0,02248 (~0,02415}

0,2679 (0s2563)
0,1034 (0,1001)
0.05759 (0,05669)

0.1827 (0.1911)
0.08563 (0,08599)
0,05085 (0,05595)

Q. 06990 (=~0.06837)
=0,03314 (=0,03412)
=0,01997 (=0.02146})

0.02533 (0.02711)

0.01080 (0,01112)
0.006251 (0, 006580)

~0,08809 (=0s09545)
~0,04974 (=0,05254)
~0,03148 (=0, 03516)
0.1470  (0.1303)
0.06410 (0,05813)
0.05652 (0.03638}
~0,004422 (=0, 005254}
=0, 001226  (~0,001472)
=0, 0005856 (=0.0006905)

=0,03560 (=0,03518) 7]
=0,02097 (=0,02272)
w0,01402 {«0,01543) _|

0.1398 (0.1285) ]
0,06167 (0.05820)
0,03572 {0.03664) _|

0,08721 (Q09889) ™
0.04988 (0.05510}
0,03241 (0,03709% _J

=00,03258 (=0,03428)
=~0,01885 (=0.01997)
=0, 01246 {=0,01359}_

0,01223 (0,014€5)

0.006736 (0-0072.'56)]
0,004445 (0.004865)



(€]

v=0

It

|_:0.50628

0. 049890
-0,035116
0.70826
0. 14774
0.15343
-0, 30890
__0.18453

-0,55113
-0, 00561944
0,054123
-0,0388421

-0, 054041
+0, 00703104

0, 72210
~0, 0963991
0,10099
+0,083300i.
-0, 0031 551
-0, 089101
0.,14270
+0,065692i
~0, 0605961
0,17011

| +0. 0284750

-0,013616
-0,2565L,
0.152,8
~0, 0031265
0.11223
0, 01540,
0.87258
=0,40296

"'Oo 0231 90
-0, 0132041
~0,29473
+0, 0785, 61
0.165561
=0, 0660131

""'00 0361—1-14-9
+0, 00541394

0,061429
=0.21.5421

0, 07951
+0,1538941
0, 017438

0.8a421
+0,192861

-0, 0810861

Collocaticn points at

-0, 053260
0, 021264

=0,47015
0. 066529
O. 1 53811‘
0.4.0971
0.022143

-0, 52696
0,29800

-0, 051051
+0, 00718684

0,042915
=0, (4969241,

=0, 48771
+0, 0492551

2,064.093
=0, 1118023,
0. 11461
+0,1 35661

0.4:3661
=0, 170891

0.018789
+0,01 55671
-0,18297
-0.120014

0.27528
+0.0976361

TABLE X
Values of Influence Matrix G

0.234590
-0,15545
-0,18252
~0, 86493
-0.18652

0,22312
-0, 54653

0.57353

0.29832
+0,126731

-0,15788
+0,1067841

~0,12146
+0, 02,6924
~0,91165
+0,MLAL0
=0 14,301
-0,219501

0,14965
+0, 0718151

-0,185121

0.5181.3
+0. 20473

-0.39111
-0,0951081

n = 9.2, 0.6, 0;8
cos 9 = -7 0, -
-0, 064972 0,023878

0.11248 0, 04,8299
=0.21369 0.50158
0,10872 ~0.076718
0.25025 -0, 34519
~0.24155 ~0,51569
-0, 069711 ~Q, 075865
-1,73176 0,96812
0.77172 =0,67291
-0, 038942 0.027141
+0, 0455771 +0,00353331
0. 20051 0.0015433
~0,131161 +0,106521
-0,24186 0.53819
+0,1320941 -0, 0336391
0, 088649 =0, 077627
-0, 0170091  +0,00353911
0,074.32L -0,24892
+0, 481171 ~0,2922281
~0,15247 -0, 59053
0,34 111 +0,252841
+0,0566904  ~0,034,827i
-1.54997 0.85558
=0, 579744 +0,338921
0,69765 -0,61555
+0, 260601 -0,280381

0.27138
0.10556
0.21763
0,15667
0, 068780
-0,19756
0.39310
=0,26463
0.24857

0.22990
-0, 00903821,

0,10879
-0, 0610524,

0. 1777
+0, 00249281

0.18496
+0, 00255401
0. 036831,
+0.1290541,

~0,14L868
-0, 0453143

0.36736
+0,15380i4

+0,07471114

0.078588
0. 144,07
0, 061211
—0, 065437
-0,24712
0.12932
0.05.307
0,85918
-0, 36876

0,063562
-0, 01986641

0.087145
+0, 111131

0,081045
-0, 0801181

—~0,053759
+0, 00919274
~0,13308
—~0,269771i

0, 069436
+0,189174

0.058878
-0, 020,724

0. 73492
+0,382324

-0, 31 721l'
-0, 173571

0,029382
-0,069563
~0, 031430

0,010188

0.19135

0.10598

0,053722

0. 57491

0,024,594 ]
+0, 000541874

-0, 04139,
«0, 0706104
=0, 056450
+0, Q4907641
0,012555
+0,000565511
0.13316
+0,162,,61

0.15375
-0,126321

0.045112
+0.0235144
-0, 36953
~0,. 2051

0.33289
+0,193524

—



[G]V =1.2 =

| ~0.57683
+0, 00725044

0,071543
~0, 0552091,

+0.0189631

0, 74501
-0,205074

0.057125
+0,130724

0.037201
-0, 08993841

0,11889
+0,136921

=0,23565
~0, 0886651,

0.14129

| +0,0485661

=0, 029140
-0,0128571

=0, 37755
+0,126101
0.20378
-0, 0991221
-0, 034967
+0, 002251 33,

0.20020
=0,415681

0, 0027693
+0,251944
0., 02535,
3,65289

+0¢ 309431

-0,313L8
~0,126611

=0.052473
+0, 00909331

0.894,80
-0, 0769811

~0,53351
+0,0797261

0,064,294
-0, 0202691

0,023155
+0,220013.

0.49792
«0, 307121

0.01062)
+0,02L48L4
—0, 38617
0,188,214,

0,22691
+0,175161

TABIE X (Conta)

0.37316
+0,179311

-(0,19290
+0,138983,

«0, 035501
+0, 0192051

-0, 97564
+0, 07717241
=0, 020022
-0, 328141
0.023248
+0,132701
-0,46396
=0,3944.31

0. 37251
+0, .31 0325-

-0,34107

=0, 022125

+0,05227h4
0.37739

-0,1 78241

-~0.32352
+0, 174114

0,078038
=0, 00917684
-0, 30159
+0, 755L 51

0,057081
~{, 10308
+0, 0797994
~1.15316
-0, 945081

0.53973
+0,421584

0,034,359
+0,0073776i

~0,99769
+0,147361

0.61369
-0, 0288184

~0,083157
+0, 00697991
"'Oo 141&-31 7i

-Ob 751 I+9
+0. 421773

=0,042422
=0, 0569461,
0,6075L
+0,535314
~0,49878
-0.504184

0,18033
+0.0278964,

0.13433
-0, 0718614

0.12060
+0,0212371

0.21987
~0.0252921
-0, 050327
+0.179934
-0, 064,822
~0. 0779971

0.31101
+0,321881

~0,12009
«0.2017h1

0.15860
+0,132524

0.053432
+0, 163734

0.13472
-0, 102661

"'0. OLI-6993
+0,00375111

0,10766
~0, 397611
=0, 068455

0.073103
-0, 0192781

0.46186
+0,616191

-0.,20539
—0,279501

0. 017461
+0, 00389231

0,020342

-0,10572
+0, 0759261

0.016731
-0,000759164

-0, 014422
+0,23%1001

0.253h6
~0.200184

0,029133
+0, 0399581
~0.21123
~0, 317004

0.24222
+0.350731




[G]V :1.8 =

"'Oa 63587
+0,0278031

=0, 0528174

=0, 11441
+0, 0257951

0.77176
=0,319151

0.011907
+0,142091

0, 0714460
0.08L4556
~0.17921

-0.0819271
0.10991

+0, 0564 374

0.092518 -

=0,113581 °

+0.210211 .

-0,032346
«~0, 00980231
~0,46981
+0.134171

0.24.930
-0, 103344

~0, 035547
-0, 00209231

0.34182

=0, 079503
+0,292241

0.033754
-0,0595181

0.48607
+0, 338181

-0, 24,351
-0,133001

~0, 056481,
+0, 00973984

0,13836
-0, 0773831

=0, 59574
+0, 0923044

0.06507k
0, 0282743
-0.067212
+0.240,391

0.56838
~0, 405971

0.00076116
+0, 0276064
~0,2820,
«0,197281

0,16528
+0,223781

TABLE X (Contd)

0.43016
+0.203031
+0,114934

0, 029066
+0,0221011

=1.0378
+0,160251

0.10814.
-0,331831
-0, 087516
+0. 148144
-0, 3967)
0,614,351

0.22010
+0, 311401

-~0,23186
~0.211341

-0, 015809
+0, 487991

0. 5140
~0,121571

=0, 11094
+0,139281

0,07193k
+0, 00356851

-0,67599
+0.790501

0.27754
-0, 558581

-0, 13349
+0. 0763351
~1,06464
0. 36687
+0, 473804

0, 04220
+0,0113851

-0.19750
+0., 147371
0.,69140
+O0, 0179711
—0.087163
+0, 0113644
0.21810
~0, 136001

-0.92535
+0,495961

-0, 020002

0, 34655

-0, 35903
-0, 663861

0.13795
+0,0821,131
0.16175
=0, 0L1 5211
0,077296
+0, 032,801
0.25196
=0, 0655951,

-0,13578
+0,157011
0. 0058965
w0, 0769114
0.22827
+0,494601

=0,015335
=0,190381

0.096849
+0,165111

0, 08489
~0,007571841

+0,147521
0.18768

=0,042295
-0, 00481394

0.33621
-0, 365381

-0,20653
+0.2588L1.

0.085822

-0, 000320071

0,17365
+0.680651
=0,083015
=0, 310924

0,011982
+0, 00770921

0.077952
~0.0790191
-0,15463
+0,0775621

0,019348
~0, 00308841

-0,14838
+0,199081

0,35613
~0,214172

0.012314
+0, 0, 80161

-0, 048,25
=0, 321781

0.12695
+0, 164 Thi




IABLE XL
Chordwise loading factors
yeO L= [le2021 0.8181 0.6013 03646 0.1554 ]
Ve 0.6 L = [141985-0,07541, 0.8093-0.1395(, 0.5482+0.32881, 0,2550%0.39751, ~0s0146~0s41161 ]
vat2 Ue [101884-0.14911, 0,78350,2763%, 043933=0.62761, =0.0517-0. 69591, =0s4574=0,61211 ]

vmi,b8 L,' = [1.1731-0.22021. 0074200, 40831, 0.1485=0.86981, =0,4926~0,81481, =0,9934=0, 46661 ]

Zere afrspoed 1y o [ 0.5484, 03272,  0.0859, <=0.1823, =0.7772 ]
L, = [ 09653, 03818, =0.3293, =0,577¢, =~0.4404 ]
Ly = [-0.3946, -0,6250, =0.4343, 0,503, 0.94%9 ]

TARLE XIT

Generalised force for pitch about two spanwise axes

(i) Pitch zbout axis 0,1953c aft of apsx

v

0 0.4:592

0.6 0.3614 +0. 50721,
1.2 0.06265 +1, 01421
1.8 -0,4578 +1.51751

(ii) Pitch about axis 0.96iLke.aft of apex

v

0 «0. 417

0- 6 "Ot 11-3614- +Oo 06555:1
1.2 -0, 4587 +Q. 10451
1.8 -0,5209 +0,13421

- 20 -
¥7.2078.C.P.411.43 - Printed in Great Britain
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FIG.1. WING PLAN SHOWING LATTICE AND
COLLOCATION POINTS.
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