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Abstract. The convection-diffusion equation (1> problem) is considered. At first, the un-
known temperature 7 is expanded into a Tavlor series with respect to time taking into
account its three components. Next, using the convection-ditfusion equation and equation
obtained from the differentiation of this equation. the way of temperature 7 computations is
shown. In this new equation the high order derivatives with respect to spatial co-ordinate
appear and the approximation of these derivatives is also discussed. The explicit scheme is
used and the stability criteria are formulated. Finally, the results of computations are shown.

Introduction
The tollowing convection-diffusion equation is considered [1-4]
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where ¢ is the specific heat. p is the mass density, 4 is the thermal conductivity.
¢ denotes the porosity (the ratio of liquid volume to the total volume). # is the
velocily, 7 denotes the temperature, 7 is a time, (Xx. /) is the capacity of internal
heat sources. All thermophysical parameters in equation (1) are assumed to be
known and constant. The equation (1) can be written in the form

whete « = L/ (cp) 1s the diffusion coefficient.

The difficulties connected with the proper solution of convection-diftusion
equation (2) appear when the second term on the right-hand side (convection} is
dominated |5].
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Using the explicit scheme of the finite difference method [6-10] the following
approximation of equation (2) for the internal node 7 can be proposed
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where A7 =1/ — 7" is the time step and / is the mesh step, respectively.
From equation (3) results that
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The criteria of stabilily are the following
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In the paper the other algorithm based on the FDM is proposed. At (irst, the
function 7 is expanded into a Taylor series with respect to time taking into account
its three components. Next. using the equation (2) and equation obtained from the
dilferentiation of (his equation with respeet Lo time, the method of temperature
7/ computations is shown. In this new equation the high order derivatives with
respect to x appear and the approximation of these derivatives is also discussed.

1. Convection-diffusion equation - discretization with respect to time

Function 7 is expanded into a Taylor series toking into account its three com-
ponents [5]
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From equation (6) one has
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Equation (2} is differentiated with respect to time
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The equations (2}, (8) can be written for time !
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[ntroducing (9) and {10) into {7} one has
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Taking into account the dependence (9) one obtains
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From equation (13} results that
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2. Approximation of high order derivatives

The next step of the algorithm presented consists in the approximation of deriv-
atives appearing on the right-hand side of equation (14). Let us assume that
i= 0, 1..... n. where / = 0 and / = # correspond to the boundary nodes. while
i=1,2, ..., 1= are the internal nodes. For the nodes 7= 2, 3, ..., n—=2 (he lollow-
ing approximations are used [2]
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[ntroducing the dependences (15)-(18) into cquation (14) one has
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For stability conditions, the coetficients on the right-hand side terms must be posi-
tive, this means
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So, according to the conditions (21), at first the mesh step /& should be determined
and next the proper time step A7 should be assumed.

It should be pointed out that for the node /=1 the following approximations are
applied
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tinite diflerence method presented in Introduction and the temperatures obtained
were practically the same.

Conclusions

‘The algorithm based on the finite difference method for numerical solution of
the 1D convection-diffusion equation has been proposed. The explicit scheme of
FDM has been considered and stability criteria have been formulated. The exam-
ples of computations for different values of porosity and velocity have been pre-
sented. The drawback of the presented method is the necessity ol high-order deriv-
atives approximation.
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