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Abstract. The work examines the flow of aiv i ible fluid
containing a porous medium. A porous body. i

the flow of fluid in the porous and free o) The flow is simulated based on
Rakhmatulin's two-speed model, in a la
discrete phase. The results of numerical
features of a two-dimensional viscous fl
Karman relation is used as t Be

Computational experimental
uniformity of the fluid veloci g m a porous body. For the
numerical implemengation of esulting equation, which is a
generalization of juation, a SIMPLE-like algorithm with
corresponding
entire area, w

hydrodynamic
. The Kozeny-
the porous layer.

approaches to modeling the flow of liquid or gas in a combined domain.
the first approach: in a free zone, flow is described using systems of Navier-
es equations, and filtration through a saturated porous layer can be modeled using
Darcy's law, which introduces an average fluid velocity in a volume of a porous medium
fficiently large relative to its size por. To represent the filtration of a free flow through a
ous medium, it is necessary to introduce appropriate interboundary coupling conditions
between the Navier—Stokes and Darcy (or Forchheimer) equations through their common
interface. The Beavers—Joseph or Safman conditions are used as interboundary conditions
[1-5,12,13].
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Second approach: the flow is modeled for the entire region (the region of the free zone
and the zone with a porous layer) by a single equation. In this approach, the difficulty of
defining appropriate interface interaction conditions and solving different types of equations
in two subdomains of the domain of interest can be avoided [10,11,14-18].

This work represents a further development of the application of the two-speed model
[14-18] for new problems.

2 Mathematical model and numerical method

Let us consider an interpenetrating model that describes the flow of two-p
where the velocity of the discrete phase is neglected. Then the flow of
described by a system of equations (two-dimensional case):
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edium. Fr is the Froude number, a is the angle of
is the coefficient in the Kozeny-Karman formula.

it possible to study flows both inside and outside a porous
tain the Navier-Stokes equations for an incompressible fluid.

3 Results and discussion

3.1 Problem of flow around a porous barrier

Let part of the open channel be filled with a porous layer. Equation (1)-(3) is considered in

the area: Osx=<ZL, 0=y=<IL The x axis is directed along the lower wall of the
channel, and the y axis is perpendicular to it. Upon entering the channel, a parabolic velocity

10,5=x=<15, 0<sy<g(x)

profile is given. Part of the channe is filled with a porous
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layer: g(x) = %‘{1 +cos z_ﬂ [ x—d— L_2°ﬂ, here d is the distance from the entrance to the

0
channel, ho is the fullness of the channel, L, is the width of the porous layer.
At the boundaries of the computational domain, a no-slip condition is specified on the

solid wall; hydrostatic pressure and Poiseuille flow are specified at the channel inlet; an
the output - a soft boundary condition. On the free surface we use the boundary ¢

a—u=0,v=0.
oy

The main assumptions in the study: 1) the flow is laminar, 2) the po
influence the level of the free surface.
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the velocity field without taking into account gravity (part of the area)

ation parameters:: D=100; Re=500;f = 0,1; L=4; ho=0.5; Lo=1; d=0.5;

Figure 1 shows the velocity vector in various sections of the channel and the velocity field
e boundary of the porous layer is highlighted). From Fig. 1 it is clear that a small secondary
flow is observed behind the layer. A comparison of Fig. 1 b) and c¢) shows the strong influence
of gravity on the formation of the direction of the velocity field, especially in the porous
region.
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3.2 Flow in a horizontal porous layer

Let us consider a pressure flow in a flat channel, the lower half of which is filled with a

porous medium. Equation (1)-(3) is considered in the area: O<x=<Z, 0=sy=<lL The
direction of the axes is the same as in the previous problem. At the entrance to a part of the

channel, * = 0, 05=y=l a parabolic velocity profile with a unit flow rate is gi
and at the boundary there are no-slip conditions. The no-slip conditions are met on th
and upper walls. On the right boundary, we assume that the boundary conditions a
similarly to the previous problem.

(15§ E et L et O T RO T O LI P CE I LI ST Ar LoD = e e el o=
[[X:F ZtreceeteeCoa T RO E QL CrE et er T ar Cah ST - <
(NE EtrccettsceoaTtorey

0,6
0,5 3=

04 :g:x::amnxxx»ny __________________________

W AR RNRB R BAAB B
03 "‘*wszf% RANENRIR A e

S

0‘2 KN".W;J _\\:\,
0,1 .ﬁ@hﬂ{ = N 2
o Py e e e T T e P

T

¥

P
AR

12"

L4 Ll B bbbl Ll L)

1i

........ ---:---‘-i-‘-.-.-.».-s-s-qxg-;-s~&~t-3-3-{3--8--&-3--&-.s».;z..;...c...a...
ses o’ | 5
2 3 s

Fig. 3 Transverse velocity profiles at the interface at different porosity values with parameters: D=100;
Re=100.
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4 Conclusion

Using the proposed model, which is obtained on the basis of a two-speed interpenetrating
model, it is possible to obtain a characteristic of the hydrodynamic fields of joint flow with
porous inclusions. The extended Navier-Stokes model can be used to study hydrodynamic
structures for flow in complex regions using a single equation without explicitly identifying
the interregional boundary. Within the limits of applicability, the Koseny-Karman coeffigi

can be used as a drag force in porous structures.
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