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ON APPROXIMATION OF THE CONTINUITY EQUATION IN FREE-LAGRANGE
METHODS OF HYDRODYNAMIC FLOWS COMPUTATIONS

V.A.Bychenkov, V.F.Kuropatenko

Research Institute of Technical Physics, Chelyabinsk

The Free-Lagrande approach is a means for extending the
advantacns of the 1iquid flows Lagrange description at the ex-
pense of dropping the fixed bonds of cells. Application of the
Free-Lagrange method (FLM) extends with increasing the computer
power.

In FLM the fluid is described by a set of particles-points
moving with the substance and carrying the discrete information
about the flow parameters. Integrating the mass, pulse and
energy conservation laws in the Lagrange points is realized by
using spatial cells. These cells are considered to cover the
computation region densely without clearances and overlappings
as, for example, the Dirichlet's (Voronoy's) mesh. Generally
speaking, the cells themselves are not Lagrangé ones.

Let us assume that paremeters of particles-points are the
average parameters of the respective cells in that sense that

WU = N Ly =V

where p is density, U is volume; summing is carried out over
all cells and it determines the running mass M and the volume V
of the region. Let the true values of the mass M® and the Vo~
1ume V°(t) be known. In the traditional Lagrange methed on  the
regular meshes it is used the continuity equation in the form
e P tevr™ = ppeur, ()
as a result of this the scheme appears to be conservative with
respect to mass and to be consistent with the volume 3

M=M, VvV = Vo (b) (R)
While solving the wide class of problem it 1S not permissible
the mass disbalance, the condition (2) is the necessary requi-
rement to the difference scheme.

Three methods with different forms of the difference con-
tinuity equation (I-3] are considered in the report. The con-
tinuity equation is equivalent to the eqhation (1) in the first
method. Such form leads to the absence of the local approxima-
tion and, practically, to arising the source of the numerical
diffusion, i.e. to appearing the disadvantage inherent to the
Euler's approach. Both sides of the differential equation in
the second method are ipdependently approvimated:
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. Here the material derivative is denoted by a point. ] 84
velocity vector. The natural approximation of the velocity Ai-
*‘yvergence is expressed by the following relation:
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where'S, is the cell surfdce corresponding to the 1-point, The

normal velocity at the edde of the cell between i-point and j-

point ts determined for a First aperoximation by the equation:
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The value of ki"*'“*=k: 1s a constani of the.computation region
for the time step: h ‘
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summing over 3 in (8) is carried
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