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The paper presents the mathematical model of the non linear heat exchange simulation process of 
two-phase environment in the kind of differential equation in the partial derivatives on the basis of the 
ironstone pellet roasting on the uninterrupted conveyer machine. 
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The development of the automated controlling systems for different technological processes 
requires the mathematical provision, allowing to apply the set of methods, models and algorithms 
for fulfilment the tasks of information processing with the application of the computer equipment, 
ensuring at the same time the basis for the development of the appropriate software.  The system 
for controlling and support on the set level of the technological parameters of processes of iron-
stone pellet roasting in the uninterrupted conveyer machine can serve as an example. The analy-
sis of parameters’ changes (including the boundary and critical value) in the roasting process, al-
lows for plotting the mathematical model of the non linear heat exchange process in the 
dispersion (between the disperse phase and the disperse environment) which is well spread in 
the industrial technology. Proceeding from this, we also present some other physical interpreta-
tion of the suggested mathematical model for the objects of the above type (diffusion and heat-
mass-exchanging processes) with their generalized mathematical description in the type of the 
differential equation in the partial derivative of the parabolic type. 
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Ω = ×(0, ) (0, )h l  (20), (21). 
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Let’s consider the heat exchange in the disperse system between the disperse phase and the 
disperse environment on the example of the process of heat exchange between the layer of the 
porous substance (ironstone pellet) and the gas, which passes through it. To create the mathe-
matical model of the given process, it is necessary to extensively consider the work of the con-
veyer machine, the roasting process in which takes place due to the jet emanation and convec-
tion of heat exchange between the gas stream and the surface of the pellets. There are also 
some condition zones: drying zone, roasting zone, heating zone, recuperation zone and the zone 
of cooling. Each condition zone will be considered as the separate apparatus or object. The inter-
action and directed functioning of the objects is ensured by the material and energy streams be-
tween their elements. The gas kiln process is very complicated, but the equivalent scheme of gas 
streams can be applied for building the mathematical model of under consideration process, 
which allows to consider all the peculiarities of its operation. 

During the heat processing, the layer of pellet with the height  h  undergoes the two drying zones 
with up- and downstream,  and the zone of previous heating. The dependence between the thermal 
capacity and the temperature is known. The required by the technological requirements gas environ-
ments, that is the set temperatures and the composition of gas steams are created in the zones of pel-
lets processing. Gas flow is defined by the temperature conditions and gas-dynamic parameters of the 
layer in the zones, resistance and density of the section, vents’ characteristics. 

 Zones of cooling operate from two autonomous technological vents, pumping the surrounding 
air into each cooling zone. Their calculation differs from that of zone of processing by the fact that 
the pellets’ cooling is executed by   blowing the cool atmospheric air through them. The air, pass-
ing through the hot pellets’ layer, takes away their heat and enters as the repeated hot air to the 
chamber, to dilute the combustion products. Knowing its temperature and flow as well as the flow 
of the combustion products in the chamber, allows to calculate the total firing rate, which is ex-
tremely important when plotting the mathematical model of the process for controlling the object. 

��� ���
��� �� ��� ����������

With the aim of formalization of the process under consideration, it is necessary to admit, that 
the condition of the disperse system is characterized by the continuous in the space and time 
functions of temperatures’ distributions, Θ( , )t x  and ( , )T t x  of disperse phase and disperse envi-

ronments correspondingly,  where x  — the vector of the space coordinates: = ( , ),x x y  � – the 

coordinate of the layer density, ≤ ≤0 ;x h   � – coordinate as for the length of the condition zone, 

≤ ≤0 ;y l   t – process time,  ∈ ≡[0, ] .kt t S  

Such an assumption allows to use the Damkeler equation [1], which comes true for multiphase 
continuums. However, unlike  the heat exchange in the continuums, the given example allows the 
heat exchange in each point of space, but not only on interface surface. The above assumption 
allows to consider the interaction of both disperce phase and the disperse environment in each 
point of space.  

Four streams are enough to characterize the system: mass (1), component (2), heat or en-
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thalpy (3), impulse (4). 
The bases of the Newton’s’ laws, the laws of Furrier’s, Fiks’ and others, allow to write down 

the laws mass and energy conservation associated with the diffusion, heat conductivity, chemical 
reactions and other processes in the form of differential equations. The law of preservation for the 
generalized stream, according to the principles of the non-equilibrium thermodynamics can be 
written as follows (5). 

When applying to the specific values, the expression (5) looks as follows: 
- for the mass stream (6); 
- for the component stream (7); 
- for the   stream of enthalpy or heat (8); 
- for the impulse stream (9). 
In the equations (6)—(9) the right parts characterize the changes in the mass time,  i-th compo-

nent,  enthalpy (or heat) and impulse. The first members of the left parts of the equations (6)—(9) 
describe the space movement of the specific parameters – convective stream. In case of two 
phase elements of the process with phases 1 and 2 for the convective stream, it is necessary to 
differentiate between the following specific cases: 

	�� υ = υ =1 2 0 —  there is no convective stream, and the phases do tot pass through the ele-

ment of the process. Consequently, they should be introduced and deleted from the process by 
sections. Thus, the elements of the process acts periodically and cannot be stationer; 

1b) υ = υ ≠1 20; 0  — phase 1 is entered periodically into the element of the process and is 

deleted in the same way, and phase 2 flows continuesly through the element after the phase 1 
fills its part of the volume. Such a single threading system does not allow to be standardized; 

1c) υ ≠ υ ≠1 20; 0  — these conditions correspond to the continuous flow of both phases 

through the element of the process. If the speed of the convective flows, density and the tempera-
ture on the entrance together with the concentration are constant, then the element of the process 
will work stationary. 

The second members of the left parts (6)—(9) describe the changes of the in specific parame-
ters at the cost of the diffusion — the main stream. For the main stream in the two-phase ele-
ments of the process the following specific cases are being singled out:: 

2a) factor of heat conductivity λ  0→  or diffusion factor D 0→ . The case, when the fre-

quency of the main stream can be neglected; 
2b) λ >> 0  or >>D 0  — conditions, under which the existence of the main stream should not 

be neglected; 
2c) λ → ∞  or →D 0  — conditions, characteristical for the dissaperence of the temperature gra-

dient or concentration, the output temperature or concentration dominates in all the process element. 
But these correlations for the main and convective come true only for the phase boundary. 

The full evident dependence, describing the flows on the inter phase surface is impossible to find. 
That is why, the empirical dependence, represented by the third members in the equations (6)—(9) 
are used for the description of the transient stream. For the transient stream in two phase ele-
ments, the following specific cases are being singled out: 

3�� β = 0w  and β = 0gw  — there is no transient stream, that is, the partition, dividing the 

phases, is impenetrable  for the component or heat and the both phases are independent on each 
other. Among the two transfer factors, at least one should be different from zero; 

3b)  β > 0w  or β > 0gw  — there is the heat or component transfer and both transfer factors 

can equal zero; 
3c) β → ∞w  or β → ∞gw  — the transfer takes place immediately, that is, the two contacting 

phases achieve the equilibrium state within the short period of time. 
The fourth members of the left parts of the equation reflect the existence of sources or drains 

in some points in the element under consideration. The sources of heat and mass in the roasting 
processes play a very significant role. But the equations (6)—(9) do not have the common ap-
proaches to the determination of the source’s function. There are two approaches: either the ef-
fect of the source is taken into consideration indirectly in the factors of heat and mass exchange, 
or reestablishing the source’s functions, applying the additional information. 

Let’s write out the equations (6)—(9) for the hard and gas phases of the roasting pellet proc-
esses: 

- enthalpy stream for hard and gas phases (10), (11);  
- stream mass for hard and gas phases (12), (13); 
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- stream of components (14), (15). 
Let’s assume the following: 
4a) distribution of the gas stream through the layer section, which is perpendicular to the 

stream, is even (that is the roasting process is constant along the width of the layer); 
4b) the roasting layer is considered as the two phase system: gas-hard substance; 
4c) equation for the stream of the gas mass is not being considered, as it is connected with 

the equation of the component stream. 
Considering the above, the transformation of the heat exchange equation in the roasting zone 

will look like (16), (17) in the sphere Ω = ×(0, ) (0, )h l .  

The initial conditions are set (18) and on the boundary of the sphere ∂Ω  — the marginal condi-
tions of the first, second and the third or mixed type, as the boundary conditions can change, depend-
ing on the available information and the zone we are in. Correspondingly, the task of under considera-
tion will also change. So we are to consider the initial marginal task for the quasi-linear system of the 
equations with the specific derivatives. In accordance with the accepted classification of the non linear 
marginal tasks [2, 3] the given task is characterized by the non linearity of the second type, the density 
of the heat stream on the inter phase surface depends non linearly on the temperature (19). 

Such a classification is conditional because the tasks with the phase transitions can be re-
ferred to the tasks with non linearity of both the first, the second and the third type depending on 
heat emission way registration of phase transformation. 

The system (16), (17) with the fixed initial and marginal conditions is the mathematic model of 
dynamic operating regime of the conveyer machine in the roasting zone. But under the condition 
4c) for the convective stream of the hard and gas phase, the process can remain in the stationary 
regime, for the description of which we will use the equation system in the sphere 
Ω = ×(0, ) (0, )h l  (20), (21). 

Apart from that, the mathematic model of the process has to stipulate for the fact, that the high 
gradients of the temperature of disperse phases results in the destruction of the pellets. As a re-
sult restrictions (23) are appeared. 

It is necessary to point out, that the suggested mathematical dynamic model with the set parame-
ters, namely, the values ,y xV W  and functions  =( , , ), ( , , ) ( 1, 2)i ia t x y b t x y i , as well as initial and 

marginal conditions , can be applied not only to the description of the processes of heat exchange in 
the roasting zone, but, also for the for the simulation of the heat exchange in the  drying zone, the zone 
for heating up and the zone of cooling. Further on, we will study the processes, which take place in the 
roasting zone, as the most common processes, which will allow to obtain the description of the proc-
esses which take place in the other zones of the conveyer machine. At the same time, the plotted 
mathematical models of dynamic and static in the conveyer roasting machine allow for other physical 
interpretations [4]. For instance, the plotted mathematical model allows to describe the heat proc-
esses, appearing  during the high intensive heat treatment  of different metal surfaces [4]. The equa-
tion of heat conductivity, describing such processes, will look as follows (24) 
Ω = × ≤ ≤ ≤ ≤ ∈ ≡(0, ) (0, ); 0 ; 0 ; [0, ] .kh l x h y l t t S  Factors �( )T  and function ( , , )f t x y  shall be 

calculated according to the formulas (25). 
The initial condition (26) and the marginal condition of the third type on the boundary ∂Ω  (27) 

are set. 
One more example is the process heat exchange of the fluid stream with the side of the circu-

lar section channel with the diameter  D  [4], which is described by the equation system (28). 
Boundary condition on the joined surfaces look like: 
- for the hard body (side) (29); 
- for fluid (heat conducting agent) (30) 
The initial conditions are set as follows (31). 
Equations (28)—(31) are bases for the mathematical models of the channels with circular section. 
So, as the generalized mathematical description of the under research type of the diffusion 

and heat exchange processes of the space — distributed dynamic objects, we will receive the 
equation in the partial derivative of the following kind (32), (33) and boundary conditions of the fol-
lowing type: 

- boundary conditions of the first kind (of Dirichles’ kind ) (34);  
- boundary conditions of the second kind (of Neiman’s kind ) (35); 
- boundary conditions of the third kind (36); 
- mixed boundary conditions of the first and the third kind (37); 
- boundary conditions of the fourth kind (38). 
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Variable of the state  ( , )i� � �  and control ( , , )r iU � � �  in the differential equation  (32) can de-

note different physical values  (temperature, pressure etc.), which determine the phenomena,   
taking place in the specific processes under consideration. The parameters  λi  and iq  from con-

ditions (35) can, for instance, denote the factor of the heat conductivity  and heat flow correspond-
ingly for heat processes. 
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The mathematic model can be applied for the questions considering the identification of heat 
state of disperse layer, because the possibility of temperature evaluation in every point of an ob-
ject of researches appears; and for the tasks’ setting and solving, concerned with the improve-
ment of technical and economic parameters of the functioning aggregates and for the constructive 
and technologic decision making when new ones are being created. 
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