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ABSTRACT. This paper can be considered as continuous part of [1], where the generalized 
diffusion theory of rigid spherical particle sedimentation in viscous fluid was investigated. 
Here a numerical solution of non-stationary sedimentation process is obtained by using the 
explicit finite difference method. The obtained results show that this model can be used for 
qualitative study of physical phenomenon of sedimentation problem. 

1. The Governing Equation System 

Let 's consider a sedimentation process ofrigid, spherical, non-rotational particles 
in a viscous suspension filled up the space between two horizontal parallel planes 
separated by the vert ical distance L (Fig. 1). It is assumed that the suspension is 
in a initial stationary state and being forced only by the gravity. 

In this case the movement of particles under the gravity force is considered only 
in the vertical z direction, and there is not a mean volume suspension velocity. 
Therefore r.p, J, pare functions of variables (t , z): 

r.p = r.p(t, z); J = (0, 0, J); J = J(t , z); P = P(t, z) (1.1) 

On basis of above mentioned assumptions , the equation system has the following 
form: 

fJr.p + ~ f)J = 0 (1.2) 
fJt Pi fJz 
fJJ r.p(l - r.p) r.p(l - r.p) + Dr.p fJr.p = 0 
fJt +Ki 1 + r.p(kp - 1) J + K 2 1 + r.p(kp - 1) 1 + r.p(kp - 1) fJz 

And after determination of r.p and J we can define the pressure p by: 

fJP fJJ 
fJz + pig [kp - r.p(kp - 1)] - (kp - l)Bt = O 

In addition, in (1.2) and (1.3) it was supposed that: 

D = ( 8

8
µ 1

) p1 = const; K 1 = Tpi = const; K2 = (Pi - P2)g = const; 
r.p p,T O'.n 
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where: . P1, P?, P_ - densities of particle, fluid phase and suspension; J - particle 
generalized d1ffus1on flux; cp - particle volume concentration; ?-thermodynamically 
pressure; T - temperature of suspension; µ 1 - generalized chemical potential of par
ticles; ai, /Ji - constitutive coefficients; g - acceleration of gravity; t - time; z - space 
coordinate. 

In order to determine the volume concentration cp and diffusion flux J of particles, 
the following conditions are used: 

- Initial conditions: at t=O: 

cp ='Po =constant ; 0 < cp < 1; 

J =Jo= 0 

- Boundary conditions: 

on z = 0 

on z = L 

J=O 
J=O 
P = cons,t 

where L is the distance between the parallel planes. 

2. The Numerical Formulation 

a) The finite-difference equation system [2, 3} 

(1.5) 

It is clear that equat ion system (1.2) is nonlinear. We will use an explicit ap
proach with finite-difference technique for its numerical solution. 

We consider the grid system, indicated in Fig. 2. In this case the finite-difference 
form of equation system (1.2) is 

(2.1) 

where 'Ptb = 'Pi+ 'Pi-I; i is the running index in the z direction of space and n is 
2 

the running index in the t time-direction. 
From the (1.3) we note that the equation representing pressure distributi~n can 

be solved separately from (1.2) . So, we will solve it on the same time level of 
function cp, J after the two-lasts are determined. The finite-difference form for the 
pressure-equation is following 
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b) The numerical solution 
The numerical solutions are obtained for the cases when the numerical values of 

parameters of equation system (1.2) in CGS units are: 
L = 50 (cm); g = 980 (cm/s2

); p2 = 1.00 (g/cm3) 

K 1 = 1·104
; D = 1.47 · 104

; cp0 = 0.005; ~t = 0.001 (s); ~z = 2.38 (cm) 
i. The particles are heavier than fluid _phase 

kp = 0.997; (Fig. 3-4) 
2. The particles are lighter than fluid phase 

kp = 1.003; (Fig. 5-6) 
The results are showed in Fig. 3-6 for cp = cp(z) , J = J(z) at 3 different moments 

of time: t = 10, 120, 3600(s). 
The solution 'Pit=oo = 'Pinr(z) for stationary sedimentation and the numerical 

solution cp = cp(z) at moment t = 3600(s) when the particles are heavier than fluid 
phase (kp = 0.997) are showed in Fig. 8. 
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3. Conclusion 

From the results illustrated in Fig. 3-8 one can see that together with time 
growing, the particles will be concentrated more and more in the direction of upper 
plane if they are lighter than viscous fluid , and they will be concentrated in the 
direction to the bed in the opposite case. 

Since average particle concentration in considered suspension is small and the 
difference between particle and fluid densities are not big, so hydrostatic pressure 
distribution is not influenced by particle distribution (Fig. 7) . 

The obtained results show that this model can be used for qualitative study of 
physical phenomenon of sedimentation problem. 
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NG HIEN cuu s6 HAI TOAN LANG DONG 

CUA H.1~.T CAU RAN KHONG QUAY TRONG CHAT LONG NHOT 

Bai bao·nay c6 the coi nhu phan tiep tl,lC cua bai bao [1], & d6 ly thuyet khuyech 
tan suy r(mg cho cac hi?-t cau cung lling dc,mg trong chat 16ng nhat da duqc trlnh 
bay. Trong bai bao nay, lai giru so cho bai toan lang de.mg khong dirng da duqc thu 
nh~n. Phmmg phap sai phan hi~n da duqc ap dl,lng de khac phl,lC tinh phi tuyen 
cua h~ phuang trlnh can giai. Cac ket qua thu duqc cho thay mo hlnh khuyech tan 
suy r9ng c6 the sli- dl,lng de nghien cuu dinh tinh cac d~c trung v~t ly cua qua trlnh 
lang d9ng. 
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