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Abstract—The goal of this paper is to present a new integral operator that deﬁnes the velocity of
a streamline ﬂow in terms of the intensity of a free vortex sheet. This operator is important for
numerical simulation of ﬂows.
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In this paper we give an integral representation of the velocity on a contour that moves in a twodimensional ﬂow of an incompressible ﬂuid. We simulate the separated boundary layer by a free vortex
sheet and replace the contour by a sheet of bound vortices. Such a replacement is a technique commonly
used for modeling and computing separated ﬂows of an ideal or low-viscous ﬂuids. In support of this,
see the recently published monographs [1, 2].
Let a closed and nonself-intersecting contour Γ be represented in the complex plane z by a periodic
function of the class C 2 , z(s) = x(s) + iy(s) in a ﬁxed Cartesian system of coordinates, 0 ≤ s ≤ l. As
the arc-coordinate s increases, the counter is described in the counterclockwise direction.
Consider an unsteady ﬂow over Γ induced by a vortex sheet L located in the ﬂow region. Assume that
at a ﬁxed time instant t the sheet L represents a C 2 -curve with a continuously distributed on it vorticity
of the density γL (σ; t), where σ is the arc-coordinate on L, 0 ≤ σ ≤ l1 (t).
We ﬁnd hydrodynamic properties of the ﬂow by replacing the contour Γ with a bound vortex sheet
of strength γΓ (s; t). First we consider the case when the sheet L degenerates to a single vortex of
strength γa at a point a of the complex z-plane. In this case the distribution of the vorticity along Γ plays
the role of a special fundamental solution γa (s). For an arbitrary sheet L we express γΓ (s) in terms of
this solution. (Since the time instant t is ﬁxed, we do not indicate the time dependence of hydrodynamic
values.) The impermeability condition on the counter Γ leads us to the following equation for γa (s):

ln |z − ζ(s)|ν(s)ds = 2π ln |z − a| + C, z ∈ Γ,
(1)
Γ

where
ν(s) = −

2π
γa (s).
γa

We determine the unknown constant of integration C from the condition of zero total circulation
 l
γa (s)ds + γa = 0,
0

which is equivalent to the following requirement to ν:
 l
ν(s)ds = 2π.
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