
























Elie Carafoli 253

Consequently, on watching the scheme given in Fig. 6, instead of the actual
motion due to this configuration of the vortex cornet, we shall rather consider
its effect, namely, that of inducing an additional downwash, that is, an
additional non-homogeneous vertical stream which alters the whole flow on
the wing surface and hence, a finite velocity results at the edge. In fact the
phenomenon is far more complex, but it can be schematised in its effects for
simple computation.

Considering therefore the effect of vortices, the wing scheme under these
simplifying conditions will be composed of the following three component
wings, each of which can be treated separately, by applying the method used
in the conical motions proper:

I. A thin wing having a  conical variation of incidence,  from which a  finite
velocity should result at the leading edges and which should render in a
qualitative manner the effect of the vortex system on the upper surface. On
the lower surface of this thin wing the axial disturbance velocity is equal and
of opposite sense to that on the upper surface. The pressures are equal and of
opposite sense on the two surfaces.

In order to avoid an infinite velocity at any point of the wing, the incidence
variation at the wing extremity will be considered continuous and for the
sake of simplicity, will be substituted by a corresponding source distribution
which connects the source intensity  q  with the downwash won the wing:

y dw
= 	 (20)

(1 —B2y2) dy

This relation results from the method of the  hydrodynamic analogy  used
in establishing the expression of  4/  under a complex form. The above assump-
tion results from the suggestion of Klichemann(21)and Squire (35) who use
a sudden variation of incidence at the point  y=c.

A wing of symmetrical thickness with the same slope variation as the
incidence in the first case (1), hence with the same source distribution, which
has the role of levelling the pressures on the lower surface, thus avoiding the
pressures to be equal and of opposite sign on the two wing surfaces.

A wing of symmetrical thickness having a mean slope which should
cancel the mean slope of the previous wing (2); for this reason we shall term
it  compensatory wing.  In this manner, the resultant wing has the mean
thickness equal to zero, as is the actual case. For this wing we shall consider
a source distribution which should give an axial velocity varying slightly along
the span, obtained through the expression :

g = køy —1--) (21)

Taking account of the boundary conditions, as well as of the  u,  special
conditions resulting from the effects of the vortex cornets, we obtain the axial
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The experiments confirm this formula surprisingly well, such that we can
consider it to be a basic formula for the subsequent developments. In Fig. 11,
theory and experiments are compared" 8. 28).

Thus, for instance, in the case of a leading edge which is sloped by the
angle z (as in the case of delta wings for example), the pressure coefficient is
yielded by the following relation:

1.2Cp y+ 1 2,1[. + 1'r]
1 + (37)

in2 sin' r — 2 ± K 4 .2

in which

= \.(1 —tan2y tan'  p) = [I  —(1/B2/2)] (38)

As is known however, the deflection r is related to the axial disturbance
velocity u through the relation

sin




U B.

whence




= . in  sill  rK




Uv A




Finally, formula (37) will be written in terms of u:




2 2/cp 7+1 (142, u

I

+ 0+ 2 (mi u 2]



) U,  )2 U, ) U \ 4




We can apply the same reasoning as above to a wing constituted of a
conical surface with the vertex at the origin and obtain, for each generatrix,
the pressure coefficient given by the above formula in terms of the axial
disturbance velocity  u,  which is obtained on the basis of the linearised theory.

We shall further consider that formula (41) is valid for any conical motion
of order one or of a higher order, for which u is easily determined by means of
the ordinary methods. Indeed, at a point on the leading edge, the local motion
conditions are the same as those used for establishing formula (37). Both in
the case of the compression behind the shock wave, due to the positive
dihedron of the leading edge, and in the case of expansion, when the deflection
upon the leading edge is negative, formula (41) records this variation in an
accurate manner. After this, the stream undergoes small changes which can
be considered isentropic, such that this formula is valid even in the interior of
the Mach cone. The experimental verifications are edifying in this respect.

Thus, we have reproduced in Fig. 12 the experiments carried out by
Wilby1401 on a wing having the slope constant also at M t,. = 7.35, experiments
which are in good agreement with the theoretical data in which account has
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been also taken of the influence of the boundary layer since this latter one
alters the shape of the wing surface.

We shall remark however that, for negative angles, the agreement is less
fair, owing to the thickening of the boundary layer which delays the expansion
or diminishes it.

In Fig. 13 we have reproduced the experiments carried out by Landahl,
Drougge, Beverly(23) at A 1 00=4 on a wing of symmetrical thickness having a
parabola arc as directrix. In this case too, the agreement between theory and
experiment is very good. As a matter of fact, a series of other experiments
confirm the theory presented above.

Obviously, the overall aerodynamic characteristics (lift, wave drag co-
efficients etc.) also observe this confirmation, as indicated in Fig. 14, in which
the tests taken from ref. 28 have been made at M o,„= 6.9.

The theories and formula which were presented above have been confirmed
experimentally, such that the results obtained can be applied with a good
approximation to the calculus of pressures on wings.

7. CONCLUSIONS

The fair agreement between the values calculated according to the theore-
tical formulae and the experiments carried out over a wide range of incidences
and Mach numbers enables one to conclude that the formulae established
above are valid for all the stages of the motion around lifting systems.
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