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THE USE OF CELLULAR AUTOMATA IN THE SIMULATION OF WOOD DRYING
PROCESSES IN A WOOD DRYING CHAMBER OF PERIODIC ACTION

In this work, research the essence of the wood drying process in a periodic wood drying
chamber. This paper provides a mathematical model of a wood drying chamber, which describes the
general essence of physical drying processes using the equipment available in the wood drying
chamber. This approach allows to take into account the physical parameters of the necessary
equipment, such as heaters, fans, humidifying nozzles or other. This approach also allows to ignore
some design characteristics that may differ depending on the type of wood drying chamber.
Considering this, the main task in this work is to determine the temperature and humidity of the
drying agent and lumber in the stack, as well as the temperature of the main components of the
wood drying chamber. Taking into account such a large number of input parameters and describing
a complex non-stationary process of heat transfer, there is a need to create complicated
mathematical models. The presence of such mathematical models greatly complicates their
application and requires significant computer resources for their calculation. In this way, the
mathematical description is reduced to the description of non-linear partial differential equations.
To simplify and speed up the calculations of this mathematical model, the use of cellular automata is
suggested. To do this, the 3D model of the wood drying chamber is represented as a cell-automatic
field, which consists of cells of the same size but different types. As a result, neighboring cells contain
local relationships that describe their general behavior. This behavior depends on the type of tangent
cells and is described by transition rules based on a mathematical model. Through the use of the
developed cell-automatic model and transition rules, it is possible to obtain the values of the
temperature and moisture content of the wood in the stack, the drying agent in the chamber, as well
as the temperature of the main components of the chamber. The work also shows the corresponding
graphs of changes in temperature and moisture content. To check the adequacy and reliability, the
obtained results were compared with the results of other authors' experiments. As a result of the
verification, the values of the average absolute error aren't high, which confirms the adequacy of the
mathematical model and the prospects of using the developed cell-automatic model.

Key words: mathematical model; Non-stationary process of heat and moisture transfer; 3D
model; Cellular-automata model; Transition rules.

Introduction

Modeling of wood drying processes is a very relevant task, which consists in determining the values of
temperature and moisture content of wood. These values for the drying agent are often assumed to be constant,
which is a rough assumption that should be avoided. Some authors in their work [1] quite rightly claim that these
values of the drying agent are constant, since they are constantly maintained at the same level along the entire
wood drying chamber, but this is far from the case. Another authors, in their work [2], have clearly demonstrated
that the values of the drying agent have completely different values in other areas of the drying chamber. This is
due to the intensive process of evaporation of moisture from wood in stacks. Therefore, when modelling wood
drying processes, it is necessary to take into account changes in temperature and humidity of the wood drying
agent. It is also necessary to take into account the design features of the studied 3D model of the wood drying
chamber, namely the number of heaters, fans or nozzles. They must be taken into account, because they directly
affect the temperature and moisture content of the drying agent. In this way, everything comes down to solving
the problem of numerical modeling of a dynamic system, which consists of a large number of boundary and initial
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conditions. To do this, we can use a system of differential equations, but their implementation requires significant
computer system resources and time [3].

It is for this reason that scientists are constantly looking for new and more effective approaches to
solving this class of problems. One such approach can be the use of the cellular automata method [4]. This
method is quite convenient for describing and determining changes in the physical characteristics of lumber.
This definition occurs by using some rules of behavior for each element of the system. Each such element is
a cell located on a cell-automatic field and has its own characteristics that represent part of the simulated
physical space. All this transition rules makes it possible to change the characteristics of cells using their
previous values and the values of its neighboring cells. In general, the use of such local dependencies
significantly reduces the amount of computer system resources required for their execution and significantly
increases the speed of calculations [5].

The analysis of recent publications shows that many researchers already use the method of cellular
automata in solving various problems, including problems of heat and mass transfer. Some authors managed
to use the method of cellular automata in modeling heat conduction processes taking into account the
phenomenon of segregation [6]. In another work [7], the authors simulation of static recrystallization during
non-isothermal annealing. In turn, the authors of the work [8] were able to use the method of cellular automata
when building a series of infinite Petri nets. Some authors managed to significantly speed up the calculation
process [9]. Other authors [10] succeeded in determining the mechanical characteristics of composite materials
based on micro-level cellular structures. All these works clearly demonstrate the possibility of using cellular
automata in the simulation of wood drying processes in a wood drying chamber. At the same time, the number of
scientists who use cellular automata to solve various problems is steadily increasing every year, which confirms
the perspective of the chosen direction of research.

The object of research is the heat and moisture transfer processes between the wood drying agent and
stacks of dried wood.

The subject of the study is a model of an asynchronous cellular automata for simulating heat and
moisture transfer processes in a periodic wood drying chamber.

The main goal of this work is for the development and research of a cellular automata model using
developed algorithms and software tools. To achieve the set goal, the following main tasks of the research
are defined:

1. Determine the main parameters of the studied 3D model of the wood drying chamber and
conduct an analysis of its main components.

2. Describe a mathematical model of wood drying processes in a wood drying chamber, which
would allow determining changes in temperature and moisture content for wood and its drying agent.

3. Present the studied 3D model in the form of a set of cells located on the cellular-automata field.

4, Develop a model of an asynchronous cellular automata and provide an algorithm for its
working based on the use of transition rules.

5. Modeling the process of wood drying in a wood drying chamber using the developed cellular

automata model and determine the accuracy of the obtained results.

Scientific novelty — A new model of an asynchronous cellular automaton was developed to determine the
value of temperature and moisture content in wood, on its surface and in its drying agent.

Practical significance — An algorithm for the use of a cellular automata model has been developed.
This model used transition rules based on a mathematical model of heat and moisture transfer processes in a
wood drying chamber and its boundary conditions. The use of such an algorithm significantly speeds up the
modeling process compared to other methods, in particular the finite difference method.

Research methods. In this work used the methods of heat balance, computer modeling, and
asynchronous cellular automata.

The results of the study and their discussion

Description of the studied 3D model. For the development of the studied 3D model of the periodic wood
drying chamber, the following components were taken into account:

- External and internal fencing (walls, doors, ceiling, roof);

- Water heaters (left side passage of the ceiling);

- Axial fans (central part of the ceiling);

- Humidifying nozzles (right side passage of the ceiling);

- Stacks of drying wood.

In general, five types of wood drying chambers, which have the same structure but different
geometric dimensions, were parameterized. Parameterization of all components of the 3D model was carried
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out using the SolidWorks API [11], and their appearance is shown in Fig. 1. Depending on the number and
size of the stacks, chosen what type of wood drying chamber will be used. Each type of wood drying
chamber contains a specific type of equipment for heating, ventilation and air humidification systems, and
their number may be changed.

i I
Fig. 1. View of the wood drying chamber components assembled in the SolidWorks, 1 —stack  of wood,
2 — humidifying nozzle, 3 — water heater, 4 —walls, 5 — ceiling and roof, 6 — axial fan
Table 1 shows the main characteristics of the wood drying chamber, which include the dimensions of
the drying space, the type of equipment for different systems and their maximum permissible number.

Table 1. The main characteristics of the wood drying chamber

The dimensions of the drying Heating Ventilation Humidification
Type of the space system system system
wood drying
chamber ;S Vr\nls I:]S" Vn?l" Type | Max. | Type | Max. | Type | Max.
C1S 385 | 390 | 200 | =30 H450 5 V743 4 N10 5
Cc2L 570 | 480 | 220 | =60 H477 6 \/843 6 N15 6
C3A 6.60 | 570 | 240 | =90 H504 6 V943 6 N20 6
C4H 7.00 | 6.60 | 260 | =120 H531 6 V1043 6 N25 5
C5B 7.60 | 750 | 2.80 | =160 H558 5 V1143 6 N30 5

The main geometric characteristics of the studied 3D model of wood drying chamber should include:

Height to the ceiling (I1), m;

Ceiling height (Ig), m;

The dimensions of the side passages in the ceiling (Is, ls), m;

Length (I2) and width (Is) of the wood drying chamber, m;

Thickness of walls (Iw) and ceiling (lg), m;

Number (Ns), type and dimensions of supply and exhaust ducts (l4), m;
Number (Nr) and dimensions of water heaters (Hs, He, Hp, Ha, He, HEe), m;
Number (N,) and dimensions of axial fans (Ve, Vs, Vb, VE, Ve, V1), m;
Number (Ng) and dimensions of humidifying nozzles (Ga, Gg, Gp, Gg), m;
The number of stacks (Ns) and the number of lumbers in one stack (Nj);
Wood species and dimensions of lumber (W, H, L), m.



20 Ya. I. Sokolovskyy, O.V. Sinkevych

- Moisture content of drying agent (¢.), fresh air (¢n) and wood (Un), kg/kg;

- Coefficients of heat transfer (a) W/(m?K), and thermal conductivity (4) W/(m-K);

- Specific heat capacity (C) J/(kg-°C), and material density (p) kg/m?;

- Temperature of walls (Tw), heaters (Ty), coolant (Ty), drying agent (T,), fresh air (T,) and
wood or lumber (Tm), °C.

Description of the mathematical model. It is necessary to describe such a mathematical model of wood
drying processes in a wood drying chamber, which would take into account all the above parameters. To do this,
first of all, it is worth highlighting the main parameters that need to be determined. These include the temperatures
of the drying agent, heater, walls, and lumber, as well as the moisture content of the drying agent and lumber. By
modeling and knowing how these parameters will change over time, we can choose optimal drying parameters,
which allows us to significantly save time and material resources during real drying.

During drying, there is always a heating process in which heat is transferred from one object to another.
In this case, the source of heat is the heaters, which are constantly heated by the coolant (hot water). At the same
time, this heat is used by the drying agent, walls and lumber. Therefore, the entire process of heat transfer can be
divided into internal and external. The temperature change in the lumber can be attributed to the internal heat
transfer. The temperature change of the drying agent in the entire drying zone of the wood drying chamber, as
well as the temperature change of the heater and walls can be attributed to the external heat transfer. So, the
mathematical model of external heat transfer [12] takes into account the heat balance equations of the capacity of
the drying agent, heaters and walls:
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where: C is specific heat capacity of the heater metal, J/(kg-K); m, is the mass of the heater, kg; 7 is simulation time,
s; Gp is the amount of water vapor entering through the humidifying nozzle, kgf/s; 1, is enthalpy of 1 kg of water
vapor, J/kg; Lin is the amount of fresh air that enters through the roof ducts, kg/s; C, is the specific isobaric heat
capacity of incoming dry air, J/(kg-K); C,, is the specific isobaric heat capacity of water vapor, J/(kg-K); Go is a mass
of absolutely dry wood, kg; Cn is specific heat capacity of wood, J/(kg-K); pm is the density of wood in the stacks,
kg/m?; Vi, is the volume of dried wood, m?, C,, is the average specific heat capacity of the wall materials, taking into
account the thermal insulation layers, J/(kg-K); my, is the mass of the walls of the chamber, kg; Lo is the amount of
humidified air that leaves the drying chamber through the roof ducts, kg/s; Va is a volume of drying agent, m?; Py, is
barometric pressure, Pas; C, is the specific isobaric heat capacity of the drying agent, J/(kg-K); R is universal gas
constant, J/(mol-K); C; is the coefficient of heat losses of the heater; a: is the coefficient of heat transfer from water
vapor condensing to the inner surface of the heater, W/(m2K); S; is wood heat transfer surface area, m?, C; is the
coefficient of the condition of the heat-emitting surface of the heater; axn is the combined coefficient of heat transfer
of the cylindrical surface of the heater, W/(m?K); S is the area of the complete outer surface of the heater, m?; ay is
the coefficient of heat transfer of the drying agent with the walls of the wood drying chamber, W/(m?K); as is the
coefficient of heat transfer from the outer surface of the walls to the external environment, W/(m>K); py is the
average density of wall materials, taking into account thermal insulation layers, kg/m?®.

To determine the heat capacity of the heater, a high coefficient of thermal conductivity of iron (80.4
W/(m-K)), which is the main material of the heater, is taken. In turn, the following assumption was made to
determine the heat capacity of all the walls of the wood drying chamber. The temperature of the fans always rises
during their working, which is connected with the intensity of work their engines. However, this temperature is
not high compared to the temperature of the drying agent, which quickly heats up from the heaters. For this
reason, the temperature of the fans very quickly begins to increase, but not because of the heat of their own
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engines, but because of the heat transferred by the drying agent. Essentially, the fan material begins to assimilate
heat by analogy with other components of the wood drying chamber, such as walls, doors and ceilings. Therefor,
the temperature of the fans and humidifying nozzles is equal to the temperature of this components of the wood
drying chamber.

Since the temperature of the drying agent changes together with its moisture content, it is necessary to
formulate a differential equation of the moisture balance [13]. This equation can have the following form:
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where: Ba is moisture exchange coefficient, m?/s.

In general, during the drying of wood, according to the law of conservation of energy, the amount of
heat that enters it is equal to the amount spent on heating it and evaporating moisture from it [14]. Therefore,
the internal process of heat transfer takes into account the heat balance equation for the capacity of wood,
which has the following form:
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At the same time, the moisture content of wood can be determined as follows:
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where: Amwy) are coefficients of thermal conductivity of lumber, W/(m-K); ¢ is coefficient of phase transition; po
is basic density of lumber, kg/m?; r is specific heat of vapor formation, J/kg; amxy) are coefficients of moisture
conductivity, m?/s; & is thermogradient coefficient.

Therefore, the system of differential equations (1) — (6) can be considered the initial mathematical
model of the wood drying chamber. This model makes it possible to determine the temperature and moisture
content of the drying agent in the wood drying chamber and of the lumbers in stacks. When writing boundary
conditions for this initial mathematical model, it is first necessary to determine the coordinates of all
boundaries (Fig. 2).

According to this figure, you can see that the wood drying chamber has general boundaries, which,
according to the X coordinate are in the interval [0; Xn] and according to the Y coordinate are in the interval
[0; Ym]. At the same time, the Y, point reflects the ceiling location line. In the same coordinate, there are side
passages in which there are water heaters and humidifying nozzles. These passages always have the value Y;
according to the Y coordinate, and can be located in the intervals [P1; P2] or [P7; Pg] according to the X
coordinate. At the same time, if we take the point Y, along the Y coordinate and the interval [Ps; P4] or
[Ps; Ps], then there are supply and exhaust channels through which the transfer of air masses takes place.

Here it is also worth noting the coordinates of the location of the stacks. Due to the fact that their
number in the wood drying chamber can change, the final values of the coordinates of the points X, and Y, can
be determined only by knowing the total number of stacks. Despite this, the initial values of the stack location
coordinates always start from the point X;. At the same time, the value of the point at the end of the stack
according to the X coordinate will always be equal to +1 above the starting point, for example X». The length of
the interval [Xi; X2] will always be equal to the width of one stack. A similar situation occurs with the Y
coordinate. For example, the height of one stack will always be equal to the distance from point Y1 to Y». In
turn, the distance between the stacks will always be equal to the distance, for example, from point X to Xa.

In a similar way, the coordinate points of the location of lumber in one stack are given. At the same
time, the location points of lumber always start with the letter "S" and end with the letter "E". The second
letter always corresponds to the selected coordinate, for example X or Y. Thus, one piece of lumber can be in
the interval [Sx; Exi] according to coordinates X and [Sy1; Eyi] according to the Y coordinate. In turn, the
distance from point Ey: to Sy, for example, will always be equal to the height of one gasket, which is located
under one row of lumber.
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Fig. 2. The coordinates of the boundaries of the initial mathematical model
For this mathematical model, it is proposed to apply the following initial conditions that characterize the
beginning of the drying process (t = 0):

T, (x,y,0) =20°C; T,(x,y,0) = 20°C; T, (x,y,0) =18°C; T,(x,y,0) =50°C;
U, (x,y,0) =0.4kg /Kkg; @,(x,y,0) =0.6kg /kg; @, (const) = 0.6kg /kg;

T, (const) = 90°C; T (const) =10°C; p.(%,y,0)=0.0173kg /m°.

In turn, due to the complexity of the initial mathematical model, its boundary conditions are divided
into three zones:

- Area of drying wood;

- Stacks location area;

- Wood drying chamber area.

In the first zone, boundary conditions of the 3rd kind are used, which make it possible to determine
the temperature and moisture content of one lumber on its surface [15]. These boundary conditions have the
following form:
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where: Uy is equilibrium humidity, kg/kg; amwy) i the coefficient of heat transfer from the drying agent to the
wood surface, W/(m2K) and the coordinates of points on the borders must be in the following ranges:

((Xbl € [Sx' Ex]’ ybl = Ey’ ycl = Ey+1) o (Xbl € [Sx’ Ex]’ ybl = Sy' ycl = Sy—l)) M
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In the second zone, boundary conditions of the 3rd kind are also used, which make it possible to
determine the temperature and moisture content of the drying agent, which is in direct contact with the surface of
the lumber in the stacks [16]. These boundary conditions have the following form:
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where: v is the drying agent movement speed, m/s; pa is the density of the drying agent, kg/m?; ps is saturated
vapor density, kg/m?® and the coordinates of points on the borders must be in the following ranges:
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N (X6 = Sy1r Yoo € [Sy! Ey]' Xes = S) Y (%6 = Bty Yo E[Sy1 Ey]’ X6 =E)) N
N (%7 €[S Ex] Yor = Eyias Yer = E)) W (X7 €[S, Ex] Yo7 =S, 4, Yer =S,)) N
N ((%s = Exits Yos €[Sy, Byl Xg = Ex) W (Xps = Syt Yo €[Sy, E 1, X5 =S,))

In the third zone, boundary conditions of the 3rd kind are also used, which make it possible to
determine the temperature and moisture content of the drying agent at its other boundaries, for example, in
contact with walls, a heater or fresh air [17]. These boundary conditions have the following form:
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where: Awy) are thermal conductivity coefficients of the walls, W/(m-K) and the coordinates of points on the
borders must be in the following ranges:
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Creating a cellular automata field. In order to develop an algorithm for representing a studied 3D
model of wood drying chamber in the form of cellular automata field, it is first necessary to understand the
principle of such representation. For this task, a special graphic scheme was developed. This scheme shows
how the process of presenting takes place [18]. For example, Fig. 3 shows part of this scheme, which represent
stacks. At the output of this scheme, we get a set of cells of the same size, which are a component of the cellular
automata field, and which is necessary for using cellular automata.

Fig. 3. The diagram of representation the 3D model in the form of cellular automata field
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To create a cellular automata field, we need to perform the following steps:

- Specify the main geometric dimensions of the studied 3D model,;

- Choose the maximum allowable density of division of the studied 3D model (dm). This value is
necessary because all created cells must have the same size;

- Specify the desired level of division (di). By default, it is equal to 1. To increase the accuracy of
calculations, this level must be increased several times. In general, there are no restrictions on the values of this
level, but it is worth paying attention to the power of the computer system on which the modelling will be carried
out. Because of the higher level of division, we need more time and computer resources for calculations;

- Determine the final density of division of the studied 3D model (d):

d=dny/2% (10)

- Specify the amount of lumber in one stack (Simp). At the same time, this amount is inside the
range of 4 pcs. up to 40 pcs. with a step of 4 pcs.;

- Determine the number of lumbers in one row (Ix) and the number of these rows (ly) in one stack;

- Specify the number of stacks (Ssix);

- Determine the number of cells of the cellular automata field for stacks according to each of
the coordinates (Sy, Sy, Sy):

Ssik ly L
S, =Y. 2+|XV—V - S :Z 2+i .S, =24+—, (12)

- Create a multidimensional array a, the elements of which are points of the cells on the
cellular automata field. Each point stores the values of its coordinates, type, time, temperature and moisture
content. At the same time, each point has one of the following types: "A" is a drying agent located within the
wood drying chamber; "M" is lumber in stacks; ""W"" are the walls and ceiling of the wood drying chamber;
"H" are water heaters; ""G" are moisturizing nozzles; ""V'" are axial fans; ""*"* are not active points, which
are not used in modeling.

Since the cellular automata field is created for the entire wood drying chamber, a practical algorithm
must be created to determine the type of each cell. In general, this algorithm is divided into several sub-
algorithms, which are executed sequentially one after another. Each of these sub-algorithms once checks the
values of all cells and their neighbors on the cellular automata field, making a so-called pass. The number of
these passes depends on the complexity of the geometric form and physical dimensions of the studied 3D
model. In general, this number is from 3 to 5 passes. All these passes are closely related to each other. Each
subsequent pass takes into account the changes in the value of the cells in the cellular automata field, which
were made during the execution of the previous pass. As a result of the implementation of these algorithms, a
cellular automata field was obtained (Fig. 4).
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Fig. 4. Graphic view of the created cellular automata field
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Development of a cellular automata model. The development of this model is important from the
point of view that it can be used to describe and determine changes in physical characteristics of the material,
including temperature and moisture content. To determine them, it is necessary to describe certain rules of
behavior for each element of the system, which is one specific cell on the cellular automatic field. Each cell
has a set of characteristics and is part of the simulated physical space. The change of these characteristics
occurs according to the transition rules and using its previous values and the values of its neighboring cells.
The use of such local dependencies allows us to significantly increase the speed of calculations compared to
the finite difference method.

To develop a cellular automata model, it is necessary to determine how each cell will be represented.
Taking into account the main input data and the appearance of the cellular automata field (Fig. 4), the structure
of each cell will have the following appearance (Fig. 5).

Y
| x| v+1]z{1ype[Time|T|u x+1] v+1]z] Type [Time[T]u ]
O "
— N

|X|Y|Z|Type|Time|T|U X+1|Y|Z|Type|Time|T|U|

Fig. 5. The structure of one cell of the cellular automata field

According to this structure, we see that each cell consists of four points. Each of this point has seven
parameters, including: "X, Y, Z" are coordinates of the location on the cellular automata field, "Type" is type of
point, "Time" is modelling time, "T" is the temperature and "U" is the moisture content at this point.

In general, the modeling process using cellular automata is an iterative cycle of interactions between cells.
To perform this task, we can use an asynchronous scheme of interaction between cells, which involves the cyclic
execution of several steps (Fig. 6).

I t=0;t<tv At | 5 Any point 'P0’' on the cellular automata field is selected

The direction of interaction 'Dir' is selected

One neighboring
point has type 'A’ and the
other has type 'M'?

Point
type 'B'?

Point
type 'A'?

Point
type 'M'?

Calculation
PbT, PbU

no At least one

neighboring point
has a type 'B'?

Calculation
yes PmT, PmU

Calculation ¢ v A\ @
PaT, PaU

Fig. 6. Algorithm of work of asynchronous cellular automaton

The selection of the point "P0" of some cell and the direction of interaction "Dir" is carried out using
the uniform distributive law. The direction of interaction allows us to determine the target point along which
the selected point of the cell. This point will interact with the neighboring point of the same or neighboring cell.
Depending on the type of two points interacting with each other, different transition rules will be used.

The basic rules of transitions make it possible to determine changes in the temperature and moisture
content of lumber and the drying agent that is in direct contact with lumbers in stacks. In order to better
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understand the principle of applying transition rules, we can use the following scheme (Fig. 7). This scheme
also displays the conventions used in transition rules.

P. PS
U / AIR il e
2 ‘
Plg\ hj |
T a7~ F>border"i{m “/ N
Py ny (11
T matenal ’l
W
P"“P / \ MATERIAL
Pm Pm

Fig. 7. The scheme of marking points for the rules of transitions

In general, all transition rules are based on the finite-difference approximation of equations (1) — (9).
On the basis of this work are the rules of transitions that allow determining the heat and mass transfer in the
stack for both the material and the drying agent. For example, to determine the change in the temperature and
moisture content of lumber in one stack, transition rules use the following system of equationS'

Proe” =P —C, (P, 2 —2PV P, Y +5(P, ) 2P +p),
P =PoT +C,(P,.T — 2P, p ey P) 12)
m(new) — ''m +lo\Fnn —4éFy TR )t m(new) " m
The values of the coefficients C, —C, are determined as follows:
a At A At EP,T
C,="; Co=—"—g G =P (13)
hj Cmpth Cmpm

Where: h;j can take the value x (j=1) ory (j=2).

In the process of modeling, the wood drying agent transfers part of its heat to the lumber, thereby
heating it. At the same time, the lumber loses part of its moisture. Therefore, the rules of transitions at the
border of lumber use the following system of equations:

5 1_PR'(C-C,-C)+R(C;-C)-Ci(R, -P)
b(new) C,+C,-C,-C,-C,6
P u _Ce(l:)mT _PbT)"'aijU "‘C7PaU . (14)
b(new) aj n C7

The value of the coefficients C, —C, are determined as follows:
C,=a;p,1-¢)p; C;=pB4; Cy=qa,bh;
C,=(;4))/h;; C,=a,a;; Cs=a,d; !

mj’

:ﬂhj' (15)

In turn, the change in temperature and moisture content in the wood drying agent occurs most in the
places of its contact with the lumber in the stacks. To determine these changes, transition rules use the
following system of equations:

G

T T
I:)a(new) = Pa C '
C;(R"-U,) P (R,-P) PPPu PP (16)

e C4 CS Pa CS(Pa ) CS PaT
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The value of the coefficients C, —C, are determined as follows:
C =ah;; Cy=a;ph
CZ = Vccpchs; C4 = Vpshs;

Where: hs is the distance between the lumber in one stack and the distance between the two stacks, m.
For this reason, when we using the method of cellular automata, there are relationships between

i

Cs =h,p, (17)

neighboring cells that can be described as follows:

If the points Py, Pa", Py interact THEN Ponew)’ and Ppnew)”
calculate according to Eqg. 14
If the points Pm, P, Pm interact THEN Prgewy’ and Prnew)”
calculate according to Eq. 12
If the points P,, Pa*, Py interact THEN Pagpew)” and Pagew)”

calculate according to Eqg. 16

Calculations and analysis of results. The developed software application [19] was used for

modeling. This application is written by using C# programming language in the Microsoft Visual Studio

2012

programming environment. The input parameters for modeling are taken from works [20-22]. As a

result of this modeling, the following change graphs were obtained: the temperature of the heater and the
walls in relation to time (Fig. 8), the temperature of wood and its moisture content in relation to time (Fig. 9)
and the temperature of the drying agent and its moisture content in relation to time (Fig. 10).
T
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Fig. 8. Graphs of changes in the temperature of the heater and walls over time
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Fig. 9. Graphs of changes in the temperature and moisture content of wood over time
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Fig. 10. Graphs of changes in the temperature and humidity of the wood drying agent over time

To check the adequacy of the obtained results, the relative error is determined. This error is determined
by comparing the obtained results with the results given in the works [20-22]. The value of this error is
calculated for the moisture content of the wood, because these values have the greatest value in modeling, and
their accuracy is decisive. As a result of the calculations, the average value of the relative error is 5.37%. The
largest values of this error, which are 20%, are recorded at the beginning of the modeling. This indicates the use
of a relatively small number of cells on the cellular automata field, as well as the rules of transitions between
them. Over time, this number increases and the accuracy of the results improves significantly (Fig. 11).

30%
25%
20%
15%
10%

5%

0 10 20 30 40 50 60 70 80  number of

iteration

Fig. 11. Graph of the relative error of wood moisture content

Conclusions

As a result of the work, a model of an asynchronous cellular automata was studied. This model uses
transition rules based on a finite-difference approximation of the initial mathematical model of the wood
drying process in a periodic wood drying chamber. Despite the fact that this model is described in the studied
3D model, it can be changed for any other 3D model of a wood drying chamber. Because this model contains
a description of the main wood drying chamber components. For this aim, the paper presents an algorithm
for representing the studied 3D model in the form of cells on a cellular automata field.

As a result of the modeling, graphs of changes in the temperature of the main components of the studied
3D model, as well as the moisture content and temperature of the wood drying agent were obtained. These graphs
confirm the performance of the asynchronous cellular automata model. This proves the adequacy of the initial
mathematical model, on the basis of which the transition rules are described.

As a result of the work, the obtained values of wood moisture content are compared with the results
of other authors. The value of the relative error didn’t exceed 6%, which confirms the perspective of using
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cellular automata in modeling problems of heat and moisture transfer in wood drying chambers of periodic
action.
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S1.1. CoxousoBebkuii 1, O.B. CinkeBuy 2
1 HY «JIbBiBCHKa MONiTEXHIKa», JIbBiB, YKpaina
2 HamioHanbHuiA JTicoTeXHIYHMIA yHiBepcHTeT YKpainu, JIbBiB, YKpaina

BUKOPUCTAHHA KJIITUHHUX ABTOMATIB IIPH MOJE/IIOBAHHI ITPOLECIB
CYUIIHHS IEPEBUHHU Y JICOCYIIMJIbHINA KAMEPI IEPIOUYHOI 1T

B naniii po0oTi po3risifaeTbed CyTHiCTH NpoLecy CYIIiHHSA JepeBHHH B JicOCYIIWIbHIN Kamepi
nepioguyHoi aii. B po0ori Takok HaBeleHO MaTeMATH4YHY MOJe/b JICOCYIIMJIbHOI KaMepH, SIKa
ONUCYE 3arajIbHy CyTh (PI3MYHMX NPOLECIB CYLUiHHSI 3 BUKOPUCTAHHSIM HASIBHOI0 B JiCOCYIIMJIbHI
kamepi oOganHanHda. Takuil miaxix go3Bossie BpaxoByBaTH Gi3M4HI mapamMeTpu HeoOXiZHOTO
00J1alHAHHS, TAKOI0 K Kajlopu(epH, BEHTUISATOPH, 3B0JI0KYI0Ul POPCYHKH, Ta 3HEXTYBaTH [IeIKUMH
KOHCTPYKTOPCHbKMMM  XapPAKTEePUCTHUKAMM, $fIKIi MOXYThb BiIpi3HATHCA 3aJIeXKHO Bix THIY
JicocymmjIbHOI KaMmepu. 3BaxauM Ha 1e, TOJOBHUM 3aBJaHHSIM B JaHiii po0oTi sIBJAsIETHCS
BHU3HAYeHHSI TeMIIePATYpPH Ta BOJIOTOBMICTY areHTy CylIiHHSI Ta MujioMaTtepiajiB y mradesi, a TAK0XK
TeMIepaTypH OCHOBHHMX KOMIIOHEHTIB JiCOCYIIMJIbHOI KamepHu. 3BMYAliHO, TP BpPaxXyBaHHi TakKoi
KUIBKOCTI pi3HMX mapaMeTpiB Ta NPH ONMCI CKJIAJHOr0 HECTAIliIOHAPHOrO Mpolecy TemI000MiHy,
BHHHKA€ HEOOXiIHICTH CTBOPEHHSI CKJIAJIHUX MaTeMAaTHYHUX MoJesel, 10 3HAYHO YCKJIAIHIOE TXHE
3aCTOCYBAHHSI Ta BMMAra€ 3HAa4YHMX KOMI'HOTEPHHX pecypciB Misi iX o0umciaeHHsi. TakuM 4HHOM,
MATEeMATHYHUH ONUC 3BOAUTHCH A0 ONMCY HediHiiiHMX AudepeHUiaIbLHUX PIiBHSAHb Y YACTHHHMX
noxiguux. [y npumIBHIIIEHHS] 004K CIeHb i€l MATeMaTHYHOI MO/eJli, MPONOHY€ETHCS BUKOPUCTAHHA
KJITHHHUX aBToMaTiB. [las nporo, 3D mogens JicocyliMabHOI KaMepH MPeICTABJSIEThCH Y BUTJSAL
KJIITHHO-aBTOMATHOIO IO0JIsl, IKEe CKJIAJAETHCS 3 KJIITHH, 110 MAIOTh OAHAKOBI po3Mipu aJie pi3Hi THIIH.
TakuM 4YUHOM, cycCiiHi MiXK C000I0 KJIITHHM MICTATH JIOKAJbHI B3a€EMO3B’A3KHU, SIKi OMUCYIOTH iX
3arajbHy noseainky. Lls moBeainka 3a1ekuTh Bill THNY TOTHYHHUX KJIITHH Ta ONUCYETHCS MPaBHJIaMHA
nepexoniB, siki 0a3yl0Tbcsl HA MaTeMATH4YHIl Mozei. 3aBAAKH BUKOPHCTAHHIO PO3p00JeHOI KIITHHO-
ABTOMATHOI MO/IeJli Ta NPaBUJI NepexoiB, MOKHA OTPUMATH 3HAYEHHS] TEMIIEPATYPH Ta BOJIOTOBMICTY
JAepeBUHM Yy mTa0esi, areHTy CyIIiHHSI B KaMepi, a TaK0) TeMIepaTypH OCHOBHHMX KOMIIOHEHTIB
kaMmepu. B poGori Tako:xxk HaBeaeHi BignoBigHi rpadiku 3MiHM Temmepatypu Ta BoJsorosmicry. s
nepeBipKy a1eKBATHOCTI Ta [OCTOBIPHOCTI, NPOBeleHO NOPIBHSHHSA OTPUMAaHUX pe3yJbTaTIiB i3
pe3yJbTaTaMM eKCNepUMMEHTIB iHIIMX aBTOpiB. B pe3yabTari mepeBipkyW, 3HAYeHHS cepeaHbOI
a0CcoJII0THOI MOXMOKH € He 3HAa4Hi, 110 MITBEPIKYE aAeKBATHICTL MAaTeMaTH4YHOI Mojaedi Ta
NepPCneKTHBH BUKOPUCTAHHSA PO3P00JIeHo0I KIITHHO-aBTOMATHOI MOJeJIi.

Knrouoegi cnoga: MateMaTHYHA MOJIeJIb; HeCTALIOHAPHMIA NMPoLeC TemJI0 Ta BOJIOro oominy; 3D
MO/1€e]Ib; KJIITHHO-aBTOMATHA MO/IeJIb; MPaBUJa NMepexoiB.
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