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Abstract: The article considers the problem of filtration 
of suspensions with the formation of a nonlinearly 
compressible sedimentary layer. Based on numerical 
calculations, the dependence of filtration characteristics 
on nonlinear effects is established. 
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Introduction: Filtration of suspensions refers to 
complex technological processes and depends on a 
large number of micro- and macrofactors. Models of 
filtration of suspensions are based on fundamental 
equations of mechanics of multiphase, multicomponent 
media and the theory of filtration consolidation [1,2,3]. 
The problem of pressure distribution in the sediment 
layer is reduced to the solution of the classical parabolic 
equation with moving boundary conditions. Real 
physical conditions during filtration of suspensions are 
such that the sediment is heterogeneous in its structure 
and filtration-capacitive properties and consolidates 
under the action of pressure and other forces. Thus, in 
the general case, the consolidation coefficient is 
variable, depending on the pressure distribution over 
the sediment thickness. In this paper, the process of 
sedimentation during filtration of suspensions is 
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analyzed taking into account the variability of the 
consolidation coefficient.  

Let there be a flat filter element. The suspension is 
placed in such a way that it contacts the initially 
existing filter layer of some thickness. Under the action 
of the pressure difference, which remains constant 
over time, the process of separation of the suspension 
begins, the thickness of the sediment continuously 
increases due to the movement of the sediment - 
suspension boundary. Thus, two regions can be 

distinguished- the filter layer region, and - the sediment 
region, where is the moving boundary. Due to the listed 
conditions, the Stefan problem can be formulated for 
the filtration process. Let be the pore pressure, - the 
liquid pressure at the initial moment of time, at the 
entrance to the sediment layer, at the exit from the filter 
layer. 

The mathematical model of filtration is written as 
follows [1,2] 
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sediment resistivity,   - viscosity coefficient,  u - external sedimentation coefficient,   - parameter.   

Introducing a new variable   
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Then equation (1) is transformed to the form 
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After transforming conditions (2) - (5) we arrive at 
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To solve problem (7)-(11) we use the finite difference method [4]. 

Let's introduce a uniform grid z  with a step f   jmiifzz ii +===+= ,...,1,0,|21  , where in time 

we will use a non-uniform grid [4] 

 TtNmmjttttt Nmjjj =++==+=== − ,,...,2,1,0,| 1   

 with variable pitch 0j . The time interval step should be selected  1, +jj tt  so that the moving boundary moves 

exactly one step along the spatial grid. This approach is known as the grid node front catching method [4]. For the 

boundary node of the dynamic stack we use the notation ( ) fitfz jj == .  

We approximate equation (7) with a purely implicit scheme 
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Approximation of the initial and boundary conditions (8)-(10) gives 

( )1exp 00 −= ii pav   ,   
( )

mf

ppif
ppi

21
2

0 −
+=   ,         mi ,...1,0=  ,   (13) 

2

1

0 vv j =+ ,                     (14) 

1

1 vv j

i =+ , 11hiz j+= .                    (15) 

 Condition (11) taking into account 
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 we discretize it like this 
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Equation (12) is reduced to the form 
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To solve the nonlinear difference problem (12) - (16) at each new time layer 
1+

=
j

tt  iterative processes can be 

used. The simplest of these is associated with iterative refinement of the time step 1+j [4]. Let the initial 
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approximation be given 
0

1+j
 . Given 

s

j 1+
  the corresponding approximation for 1+j

iv  we find their solutions to the 

following nonlinear difference problem 
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To solve this problem we use a three-point sweep. Relation (16) is used to determine the time step and in the 

simplest case we have [4] 
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Now, to solve the difference problem (18) - (20), we use the counter sweep method [3]. Here )(0, thmmi =  

- internal node. In the area mi 0   the solution is calculated using the right-hand sweep formulas 
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and in the region )(thim   -  according to the left-hand sweep formulas 
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Considering (21), (24) in the node mi =  we find 
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Based on the obtained numerical results, graphs of the 

moving boundary were constructed. ( )th , pressure  

distribution in the filter and sediment layer (Fig. 1-4). 

From the presented graphs, one can estimate the 

growth of the sediment layer and the pressure 

distribution in it.  
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Growing importance   contributes to a corresponding 

change in the consolidation coefficient, which in turn 

affects the growth of the sediment layer and the 

pressure distribution in it. With an increase in the value 

  lagging growth dynamics can be observed ( )th .  The 

graphs also show the dynamics of pressure at fixed 

points of the sediment layer. As the sediment layer 

grows, the pressure at fixed points decreases.  
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Fig. 1. Change in the thickness of the filter layer at 

different 
610−=  Pа-1 ;

710−=  Pа -1 ; 
810−=  

Pа -1 .  350=t  s. 
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Fig. 2. Distribution of pressure across the sediment thickness 

at different  
610−=  Pа -1;

710−=  Pа -1; 
810−=  Pа -1 

350=t  s. 

Рис 3. Distribution of pressure across the sediment 

thickness.
610−=  Pа.  150=t  s; 300=t s;  400=t  
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Fig. 4. Pressure distribution at fixed points of the sediment layer 
610−=  Pа.  

31003,4 −=z м  );
31075,4 −=z м         

31065,5 −=z м  

 

p, М Pа 
p, М Pа 

)(th ,м 
t ,с 


