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USING CELLULAR AUTOMATA TO SIMULATE EXTERNAL HEAT AND
MASS TRANSFER IN THE WOOD DRYING PROCESS

This work involves modeling the external heat and mass transfer in the wood drying chamber. One of the remarkable features of
this research is to use cellular automata with variable cell sizes closely related to the geometric parameters of the considered wood
materials. This approach allows for modeling and analyzing the changes in the characteristics of wood materials during the hydrot-
hermal treatment process, taking into account their unique geometry. Such modeling provides valuable information about how diffe-
rent shapes and sizes of wood react to various drying conditions. This research has significant implications for industries dependent
on wood drying, such as construction and furniture production, as it offers an individual approach to upgrading the drying processes
of wood materials with different geometries. The modeling in this work is carried out using wood materials, primarily pine, with a
standardized thickness of 25 mm and an initial moisture content of 30 %. The modeling is conducted under conditions of moderate
drying, accurately mirroring real-world scenarios. Using pine as the researched material aimed to represent a widely used wood spe-
cies in the industry, thereby increasing the relevance of the results. The work also explores the influence of various parameters of the
wood drying agent. To achieve this, three key factors are systematically varied: temperature, relative humidity, and drying agent ve-
locity. Temperature fluctuations are carried out within a range of £10 °C. Similarly, relative humidity is adjusted within =10 % of
standard technological parameters. Finally, the drying agent velocity was increased to a maximum of 6 m/s. Thus, the impact of these
changes on the moisture content in wood materials is investigated. The results obtained can be applied in an industrial setting. The
knowledge gained from the experiments can play a crucial role in improving the wood drying process. In summary, the work investi-
gates the hydrothermal treatment of wood materials, shedding light on the critical role of wood drying agent parameters in controlling
moisture content in wood materials. The potential advantages in terms of product quality and overall production efficiency cannot be
overstated, and it is expected that this work will be a valuable resource for industries dependent on wood processing.

Keywords: external heat and mass exchange; environment temperature; relative humidity; speed of movement of wood drying
agent; rules of transitions.

mass transfer in wood drying chambers.

The relevance of the research. Notwithstanding the
progress made so far, the challenge of simulating process of
heat and mass transfer remains intricate and inadequately
explored. In order to upgrade this process, it is imperative
to innovate and refine existing modeling techniques. This
research underscores the importance of further investigation
in this field. In essence, this study is focused on updating
the existing transition rules for the cellular automata model,
by using mathematical models of external heat and mass
transfer in wood drying chambers. This study takes a signi-
ficant step forward by proposing a novel approach to ex-
pand the existing cellular automaton model. There are also
introduce new transition rules that dynamically alter the key
parameters of the drying agent, thereby offering a more nu-
anced understanding of the drying process.

Object of research — the process of drying wood in
drying chambers.

Subject of research — the influence of various parame-
ters of the drying agent (temperature, relative humidity,

Introduction / Bctyn

Setting the research task. The problem of drying lumber
has always been an urgent task in the forest and woodwor-
king industry. All lumber manufacturers to ensure product
stability and quality use appropriate wood drying methods
and technologies. Now, there are various effective and sci-
entifically based methods for modeling the wood drying
process, but their effectiveness can be improved by using
more accurate but not more complex models, such as cellu-
lar automata model.

Characterization of the research problem in the global
scientific literature. In the worldwide scientific literature,
the matter of heat and mass transfer in wood drying cham-
ber has garnered the interest of esteemed experts in the fi-
eld. Distinguished researchers like L. M. Hirnyk, Ya. I. So-
kolovskyy, S. Kadem, Z. Jingyao, A. J. Ghiaus, M. A. Istra-
te and numerous others have substantially advanced the
comprehension of this issue and have either innovated or
enhanced fundamental techniques for simulating heat and
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speed) on the moisture content of lumber.

The purpose of the work — elucidate the multifaceted
influence of temperature, relative humidity, and the velocity
of the drying agent on the moisture content of lumber du-
ring the drying process in order to enhance the efficiency of
lumber drying techniques.

To achieve this purpose, the following main research
objectives are identified:

1. Overview of the process of external heat and mass transfer
and input data.

2. Development and implementation of updated rules of tran-
sition to the cellular automata model for more accurate mo-
deling of drying processes.

3. Study of the influence of various key parameters of the wo-
od drying agent (temperature, humidity, speed) on the
drying process and moisture content of lumber.

4. Analysis of simulation results when using parameters that
differ from the parameters of the technological process.

Analysis of recent research and publications. Cur-
rently, there is a large amount of literature that gives us an
idea about external heat and mass transfer. In particular, in
[19] describes the processes of drying solid materials, inclu-
ding wood, and also describes the process of external heat
and mass transfer during these processes. It also contains
information on modeling these processes. In [8], a model of
heat and mass transfer in a coniferous lumber was develo-
ped. The model includes fluid transport by capillary action
as well as diffusion. This model is unique in that the
transport properties, which in some cases are not available
in the literature and are difficult to measure, are developed
based on knowledge of the wood structure. Computed re-
sults are compared with experimental ones, which are the
first of their kind since moisture profiles are measured du-
ring the drying process using gamma attenuation. In turn,
work [20] developed a three-dimensional mathematical mo-
del of heat and mass transfer for drying wood in drying
chambers, taking into account the influence of the surroun-
ding fluid flow (drying agent). The model describes the
characteristics of wood and fluid movement, and the simu-
lation results were confirmed by experimental data. The
study also revealed uneven movement of the drying agent
and a temporary accumulation of moisture around the lum-
ber in the chamber.

Work [16] also describes methods of studying heat
transfer in the process of drying wood. To conduct these
studies, it is proposed to use the cellular automata. For this,
a three-dimensional mathematical model is proposed, which
is described by an interconnected system of partial differen-
tial equations in terms of time derivatives and spatial coor-
dinates. The work also describes the developed software
and its functionality. To verify the mathematical model, a
number of experiments were conducted using the developed
software. In paper [6], a macroscopic model was developed
that takes into account the nonlinear processes of heat-mo-
isture transfer and ventilation in the wood materials and si-
multaneously includes the influence of thermal diffusion
and infiltration phenomena. The parameters of the model
were experimentally determined according to recognized
standards of material characterization. In addition, numero-
us calculations of hygrothermal processes in one-dimensi-
onal and two-dimensional cases were carried out to assess
the dimensionless influence on such wood material. In addi-
tion, the sensitivity of the model to changes in the connecti-
on between potentials and changes in the parameters of the
drying agent was studied, and it was found that the connec-

tion in the model has a significant effect on the kinetics of
changes in temperature and humidity in the material.

Also, in [17], the aerodynamics of a wood drying cham-
ber is investigated. In particular, the parameters of the
drying agent are investigated, especially in the gaps betwe-
en the horizontal rows of wood in stacks. The results of the
study show that the studied wood drying chamber does not
work in the optimal aerodynamic mode, and to improve the
efficiency of the drying process, it is recommended to redu-
ce the speed of the drying agent. In [14], the parameters of
the drying agent were calculated, including the speed of air
circulation, its temperature and humidity. The result of the
calculation is the creation of a radial-based artificial neural
network that allows you to determine any parameter of the
drying agent at any point in the drying chambers. Also, this
paper gives the calculation of extrapolation of the existing
parameters of the drying agent for their forecast. In work
[9], a mathematical model was developed to predict the
process of heat and moisture transfer in porous materials,
which can be wood. The model takes into account the inter-
nal release of heat and moisture by these materials, as well
as the effect of changes in temperature and humidity of the
environment on the storage and drying processes. Using nu-
merical calculations, the researchers found that the heat and
moisture transfer occurs in the upper layers of the material,
and the inner layers heat up and increase humidity due to
their dependence on the humidity of the environment. The-
se literatures cover the fundamental and practical aspects of
external heat and mass transfer during drying of solid mate-
rials such as wood. They help to understand and apply this
knowledge in practical research, in particular in the deve-
lopment of transition rules for cellular automata.

Research results and their discussion /
Pe3ysibTaTH AOC/TAiAKEeHHS Ta iX 06rOBOPEHHA

Overview of the process of external heat and mass
transfer and input data. The process of heat and moisture
transfer between drying timber and the drying agent is a
crucial component for improving the wood drying techno-
logy. The behavior of moisture in timber is determined by
thermodynamic processes on its surface and the interaction
of surface forces in an equilibrium system. In this context,
there is always a hydrodynamic boundary layer between the
surface of the timber and the drying agent. Its thickness is
conditional and depends on the conditions of interaction
between the drying agent and the surface of the wood. The
relationship between these parameters [12] in external heat
and mass transfer, considering the stress-strain state of the
timber, has the following form:
0.13238+T,)In B

+(238+T,,)1n3
1785

_ L+ o)l o020, + Ee) P 7
26,5033 - X)Nuppre 7

where: T, is the temperature of the drying agent, 7, is the
temperature on the surface of the lumber, m is the mass of
the lumber, pgis the initial density of the lumber, S, S are
the moisture exchange coefficients, W is the initial moistu-
re content of the lumber, o3 is the moisture stress, E,, is the
instantaneous modulus of elasticity, /¥ is moisture content
of lumber, T is temperature of lumber, K = Bu / Ko is simi-
larity criterion, Nu,, Nu,, are heat and mass transfer Nusselt
number, D, is molecular diffusion coefficient, p,. is satura-

InB= 20m,00(1 + ,BOWO)O-S : (1)
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ted vapor density, / is characteristic length, £ is Young's
modulus, ¢ is deformations, 7, 7’ are simulation time, 7,; is
relaxation time, Bi is Bio criterion, Fo is Fourier criterion,
Bu is Bulyhim criterion, Ko is Kosovich criterion.

At the same time, the values of E,,, 7,.;, & 0, can be cal-
culated as follows:

E, = (304.55+759.7 exp(~17.88%)) exp(0.02T) ;  (3)
Ty = 147 exp(=0.073W) ; (4)
£ =0, —vo) + B0V o) 5)
o =L -w), (6)
I-v

where: v is Poisson's ratio, is average value of moisture
concentration by thickness.

In general, deformation values are determined according
to Hooke's Law, and they are also provided in [11]. The
value of the Poisson's ratio in this case can be taken as
0.5 if the calculation is conducted in a one-dimensional ca-
se and along the fibers and 0.02 if the calculation is perfor-
med transversely to the fibers. Furthermore, the Young's
modulus depends on the wood species, for example: pine
(~8 GPa), oak (~12 GPa), spruce (~9 GPa), birch (~10 GPa),
beech (~11 GPa).

For the period of constant velocity of convective wood
drying, was find the following relationships for the Nusselt
heat transfer [10] and mass transfer criteria:

Nuy =0.0641Re*Gu?Pr!’3 ; (7

Ny, = 2.5Re%0Gu 133 pr'/3 (8)

Re=—L __ T _¥ ©)
v-Gu T-Pr a

where: Re is the Reynolds number, Gu is the Huhman crite-
rion, Pr is the Prandtl number, 4 is the thermal conductivity
coefficient of the drying agent; V is the speed of movement
of the drying agent; v is the coefficient of kinematic visco-
sity; a is the coefficient of thermal diffusion.

The criterion equations (7)—(9) are used to assess heat
and mass transfer during the drying process, helping to de-
termine their optimal and safe parameters. This is especially
relevant in the context of raising the temperature of the en-
vironment under constant wet-bulb temperature conditions.
It is evident that with such an increase in temperature, the
heat transfer coefficient during the constant-rate drying pro-
cess will increase. However, an increase in the kinematic
viscosity of the medium at the same time will contribute to
a decrease in the Reynolds number, which will directly af-
fect the scale of convective phenomena.

To carry out calculations, it is suggested to use the re-
sults from the previous work [7]. In this work describes in
detail the rules of transitions for modeling the non-stati-
onary process of moisture transfer during wood drying at
the stage of removing bound moisture by the method of cel-
lular automata.

Description of the algorithm for applying cellular au-
tomata. The algorithm for applying cellular automata have
five stages:

Stage 1. Creation of the cellular automaton grid. The
primary task is to divide the surface of the investigated tim-
ber into cells using its geometric dimensions, for example,
50x25 cm. This allows discretizing the study space for fur-
ther modeling. As a result of this stage, a cellular automata
grid consists of a certain number of cells of the same size.

Stage 2. Setting initial conditions. At this stage, it is ne-
cessary to specify the initial values of temperature and hu-
midity for each cell, as well as other parameters, including
coefficients and parameters of the drying agent. Some of
these values will be calculated at the beginning of the mo-
deling, while the rest will be obtained from reference sour-
ces [4].

Stage 3. Initialization. At this stage, data arrays are cre-
ated to store the parameter values of all cells. There are ma-
inly nine of them: T[i][j] is wet bulb temperature in the spe-
cified cell(i, j); T,[i][j] is the temperature on the surface of
the lumber in the specified cell(i, j); WJ[i][j] is moisture
content in the specified cell(i, j); Tc[i][j] is temperature of
the drying agent in the specified cell(i, j); ¢[i][j] is relative
humidity in the specified cell(i, j); En[i][j] is instantaneous
elasticity model in the specified cell(i, j); o,[1][j] is moisture
stress in the specified cell(i, j); €[i][j] is deformation in the
specified cell(i, j); Nug[i][j] is Nusselt heat transfer criterion
value in the specified cell(i, j) and Nuy,[1][j] is Nusselt mass
transfer criterion value in the specified cell(i, j).

Stage 4. Calculation using transition rules. At this sta-
ge, calculations are initially carried out for the starting ite-
ration at T=0s. For each cell(i, j), new values of T, and ¢
need to be computed based on the developed transition ru-
les, which are based on the equations from the previous sec-
tion. At the same time, there is a nonlinearity in equation 1.
To calculate T, it is necessary to know the value of Nu,. In
turn, to find Nu,, it is necessary to know Gu, which is cal-
culated by T.. To solve this problem, was used the Newton—
Raphson method, which is based on the idea of linearizati-
on of a nonlinear function by using its local tangent or line-
ar approximation. The main goal is to find such a value at
which the function is zero. This method involves several
basic steps, including choosing a starting point, evaluating
the local derivative (tangent) of the function at a given po-
int, calculating the value of the new point using linear
approximation, and repeating the previous steps until a sa-
tisfactory approximation to the root is obtained.

In this case, it is necessary to perform the following
steps:

1. Select the initial value of Gu'” and o,
2. Calculate Nuq(Gu(O)) and T.” according to equations (7)

and (1);

3. Save the new value of Gu'”, as follows: Gu” = Gu” + 013
4. Calculate Nuq(Gu(')) and T." using the same equations (7)

and (1);

5. Calculate the derivative 6T./0Gu = (T." — T )/(Gu'" -

Gu(o)) _ (Tc(l) _ TC(O)) /em)r;

6. Calculate the new value Gu™" as follows: Gu™" = Gu'” —

(T. /(0T /6Gu)).

Then the following transition rule can be used:

IF (Gu” + ¢1ror) < Gu™ < (Gu"” — 1) THEN Gu® = Gu™*"
AND repeat steps 2-6 ELSE complete this iteration (t += At)

To continue performing calculations by using cellular
automata, it is also worth applying the following rules of
transitions:

IF E,[i][j] THEN

EJilj]"¢ = (304.55 + 759.7 exp(—17.88Wi][ /]"1)) -
-exp(=0.02T, [i][ /1)
IF o,[i][j/] THEN

L1 =L (AW - 1)

IF Nuy(Gu®) OR Nu,(Gu®) THEN
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IF 7. THEN

T[] = 0.13(238 + T, [i][ /1) -
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1+ (238 + T, [i][ /1"
178520m 01 + BoWo)o lil[ /1<)
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IF .. THEN
g[i][j](next) — %(o-g[i][j](naxt) _ vo.g[l-][j](next)) "

+ BV = Wy)
IF ¢[i][j] THEN

L") = 1+ By -
20, [1/1"" + E€[i][ /1" .
26,1101 B(0.33 = x)Nu, [11 /1" 0,
T 7*BiFo
p _147ex _ 1 s7(next) ]+ . 2
p(=0.073W i j1"") ) 4Bi+7x
Where: “ is value at a previous moment in time; " is
value at the current time; E =~ 8 GPa (pine), 9 GPa (spruce),
10 GPa (birch), 11 GPa (beech), 12 GPa (oak); v = 0.5
(along the fibers), 0.02 (across the fibers).

Stage 5. Iterative cycle and completion check. At this
stage, calculations are made according to the iteration
cycle. At the same time, the conditions for stopping execu-
tion are checked, such us:

IF ¢[i][j1™ # ¢[i][j]°'¥ THEN 1 += At ELSE Stop calcula-

tions AND give a message about reaching the stability state

for the relative humidity values of the drying agent. Waiting
for continuation.

IF WIi][j] > W, THEN Perform calculations according to sta-

ge 4 ELSE Stop execution AND give a message that the con-

dition has been met for the specified parameters of the techno-
logical process. Saving the results.

IF t,,x < t THEN Perform calculations according to stage

4 ELSE Stop execution AND give a message that the maxi-

mum allotted time has been reached. Saving the results.

Where: W), is the equilibrium humidity, Ty. is the final
specified simulation time.

To carry out modeling, it is first necessary to create [5]
a cellular automata field (Fig. 1). Since the geometric para-
meters for all lumber are the same, then the shape of the
cellular automatic field will not change.

al2

al4

Fig. 1. View of the cellular automatic field in the cross-section of
material axb / Bu nosist KIIITHHHOTO aBTOMAara B HOIEPEYHOMY
nepepisi nunomarepiany axb

Assuming that the wood is a solid anisotropic hygrosco-
pic material, where the coefficients of moisture conducti-
vity and exchange are constants but different for various
axes of anisotropy, the following input data can be conside-
red for the dynamic moisture distribution in pine lumber:

® Cross-section dimensions of the lumber a =2 b = 50 mm;

® |nitial moisture content of the material W, = 35 %;

® Drying agent parameters for the given drying mode obtained
from [3]. The following initial conditions can be used for the se-
lected technological mode, such us: T.9 = 75 °C, T, = 24 °C,

Oy = 06, Wy= 035, v=2 m/s,

® the equilibrium humidity 7, as well as the coefficients of mois-
ture exchange B and moisture conductivity o are set constant

and determined according to [4];

® duration of the technological process T,,,x = 10 h. with the steep

of At=0.1 h.

To compare the moisture content in lumber of different
wood species with the same geometry, some input data can
be modified, specifically: equilibrium moisture content W,
=7 %, moisture conductivity coefficient a0 = 2- 10° m/s, and
moisture exchange coefficient p = 4-10°m?/c. The rest of
the parameters remain unchanged. Next, the parameters for
low-temperature drying modes for different wood species
can be specified, according to [1]. It is known that moisture
removal from the surface layers is uniform for all wood
species, yet the values vary due to the distinct drying modes
associated with each wood species, thereby determining W,

Analysis of the obtained results. To conduct further cal-
culations, was focused on wood of pine. To determine the
influence of the temperature of the wood drying agent on the
moisture content in lumber, it is necessary to first conduct
research based on the use of the drying agent temperature
under constant technological conditions. Then, these values
are changed by 10°C in both directions. If these data are
substituted into the input parameters of the cellular automata
model, the following graphical dependence (Fig. 2) of the
moisture content in pine lumber on its surface is obtained.

' 3 WV
; \ ' 25 (25

Rl ot 20
15 | t20

10
. e 15
50 10

a2
b) Te 50 20

70
2 2 60 ¢
Fig. 2. The influence of the temperature of the drying agent on the
dynamics of moisture on the surface of 25x50 mm pine lumber,
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where initial temperature value (7,"): left figure — increased by
10 °C; right figure — decreased by 10 °C / BB Temneparypu
areHTa CyIIiHHS Ha JUHAMIKy BOJIOTH Ha TIOBEPXHi COCHOBOTO
Bpyca 25x50 mm, ne 3uavennst (7.°): prcyHOK 371iBa — 36ibIIIe-
Ho Ha 10 °C; pucyHok cripaBa — 3MeHmIeHo Ha 10 °C

In a detailed analysis, it was noticed that at the begin-
ning of the drying process, the temperature change of the
drying agent on the surface differs by an amount proporti-
onal to the change in the equilibrium moisture content.
Over time, as a result of changes in the coefficients of mo-
isture conductivity and moisture release at different tempe-
rature modes, an acceleration of moisture removal is obser-
ved. At higher temperatures, moisture removal occurs much
faster, accordingly, the moisture content of the material qu-
ickly reaches 20 %, which means the transition to the next
stage of the technological process.

To determine the influence of the relative humidity of
the wood drying agent on the moisture content in lumber, it
is also worth conducting research based on the use of relati-
ve humidity values under constant technological conditions.
Then, the results should be determined when changing the
relative humidity values of the drying agent by 10 % in
both directions. By substituting these changes into the input
parameters of the cellular automaton model, the following
graphical dependence (Fig. 3) of the moisture level in lum-
ber on its surface is obtained.

b) T * 60 35

Fig. 3. The influence of the relative humidity of the drying agent on
the dynamics of moisture on the surface of lumber 25%50 mm in
size pines, where the initial value of relative humidity (¢y): left
figure — increased by 10 %; right figure — reduced by 10 % /
Brutis BiJHOCHOT BOJIOTOCTI CYIIMIBHOTO areHTa Ha INHAMIKY
BOJIOTH HA OBEPXHI COCHOBOTO Opyca 25x50 MM, 1ie 3HaUeHHS
BIZTHOCHOT BOJIOTOCTI ((Pp): PHCYHOK 311iBa — 3011bmmeHo Ha 10 %;
PHUCYHOK cIipaBa — 3MeHIeHOo Ha 10 %

Upon detailed analysis, it was observed that at the be-
ginning of the drying process, the change in the relative hu-
midity of the drying agent differs on the surface by an amo-
unt equal to the change in equilibrium moisture content.

Over time, the moisture content on the lumber's surface
evens out to equilibrium. At lower relative humidity of the
drying agent, the transition to the next stage of the techno-
logical process will occur more quickly, as compared to ot-
her values of the transition criterion — moisture content of
the material at 20 %. According to the results, it is evident
that changes in the relative humidity of the drying agent le-
ad to a greater change in equilibrium moisture content and
moisture exchange coefficients compared to changes in
temperature. The obtained dependencies also indicate that
decreasing the relative humidity of the drying agent results
in faster moisture removal, leading to a transition to the
next stage of the technological process, while increasing it
delays the transition.

The velocity of the drying agent (V) affects the moisture
exchange coefficients. Therefore, moisture removal is faster
on the surface of lumber with increased circulation compa-
red to its inside, where moisture transfer coefficients don't
depend on the velocity of the drying agent. Thus, increasing
the velocity of the drying agent reduces the duration of the
technological process (Fig. 4).

35
w
30
25
20
15
10
32
r
32
- 27
22
17 22
12
7 17
12
10 20 30 60 ¢
40 50 7
T 50
b) 60 40

Fig. 4. Influence of the speed of movement of the drying agent on
the dynamics of moisture on the surface of 25x50 mm pine lum-
ber, where the speed of movement: left figure — corresponds to
stable technological conditions; right figure — increased to 6 m/s
/ BITiB MIBUZIKOCTI PyXy areHTa CyLIiHHS Ha TUHAMIKY BOJIOTH
Ha MIOBEPXHI COCHOBOTO Opyca 25x50 MM, 1e MBHIKICTD PyXy:
PHICYHOK 311iBa — BiANOBiIa€ cTaOLTBHUM TEXHOJIOTIYHIM YMO-
BaM; PUCYHOK CIIpaBa — 30LIbIIEHO 10 6 M/C

From the obtained graphical dependencies, it is evident
that controlling the velocity of the drying agent is a key fac-
tor affecting the efficiency and quality of the drying pro-
cess. Properly adjusting the drying agent velocity within
technological limits, helps distribute heat and moisture
evenly across the surface of the lumber, facilitating accele-
rated moisture evaporation and preventing negative effects
such as uneven deformation or cracks.
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The geometry of lumber, including its dimensions, sha-
pe, and structure, plays a significant role in determining
moisture content [13]. Geometry influences the interaction
between the lumber surface and the drying agent, affecting
how quickly the material absorbs or releases moisture, as
well as the uniformity of these processes. For example, the
surface area of the lumber promotes increased external con-
tact with the drying agent, allowing more water vapor to es-
cape from the lumber. However, a substantial volume of
lumber can retain moisture inside, leading to a slower
drying process. Additionally, the thickness of the lumber
regulates the rate of moisture release, as thicker lumber req-
uires moisture to travel a longer distance before being rele-
ased. Therefore, changes in the geometric parameters of
lumber can also be applied in the developed cellular auto-
maton model [18], provided that the cellular automaton fi-
eld created earlier is modified accordingly [2].

Discussion of research results. The findings from this
study offer valuable insights into the mathematical model-
ling of external heat and mass transfer during lumber
drying. When compared to similar research in this area [9,
14, 15], it becomes clear that cellular automata present a
novel and promising method for this type of simulating.
Unlike traditional methods employed in earlier studies, cel-
lular automata prove to be more efficient, delivering faster
results at lower computational expenses. This research
highlights the potential of this approach, paving the way for
future investigations and innovations in the field, which co-
uld ultimately lead to more effective models for wood
drying processes.

So, based on the results of the work performed, it is pos-
sible to formulate the following scientific novelty and prac-
tical significance of the research results.

Scientific novelty of the obtained research results — de-
velopment of a cellular automata model for simulating ex-
ternal heat and mass transfer in wood drying chamber, ta-
king into account the parameters of wood drying agent.

Practical significance of the research results — a novel
approach has been devised, providing a more efficient and
cost-effective method for modelling and analysing the lum-
ber drying process.

Conclusions / BucHOBKM

As a result of this study, a multifaceted impact of tem-
perature, relative humidity, and the drying agent's velocity
on the moisture content of wood materials during the drying
process was investigated.

The study built upon previous work using cellular auto-
mata for moisture level measurement under constant condi-
tions. Was introduced new transition rules to the cellular
automata model for modifying the drying agent's parame-
ters, offering a more dynamic and adaptable modeling
approach. The cellular automata utilized in this research fe-
atured varying cell sizes, tailored to the geometric characte-
ristics of the wood materials being modeled. This approach
enabled the analysis of timber behavior based on its unique
geometry, promising potential enhancements in the wood
drying process.

Modeling was conducted using 25 mm thick lumber,
primarily pine, with an initial moisture content of 30 %.
The research findings hold practical significance for the in-
dustrial wood drying process. Enhanced wood drying mo-
dels can lead to more effective drying processes, ultimately

improving the stability and quality of wood products in the
competitive market.

In summary, this study explores the interaction of exter-
nal heat and mass transfer during wood drying and proposes
a more adaptive and precise modeling approach. The in-
sights gained from this research can be applied in industrial
settings, paving the way for improved wood drying proces-
ses and higher-quality lumber production.

References

1. Biley, P. V., Sokolovskiy, I. A., & Beznosko, Yu. L. (2006). Pat-
terns of influence of the drying regime on the kinetics of the pro-
cess. Scientific Bulletin of UNFU, 16(5), 69—74. [In Ukrainian].

2. Chopard, B., & Droz, M. (2009). Cellular automata modeling of
physical systems. Cambridge University Press.
https://doi.org/10.1017/CB0O9780511549755

3. Hirnyk, L. M., et al. (1992). Automation of wood drying proces-
ses in the construction industry, Kyiv: Budivelnyk. [In Ukraini-
an].

4. Hirnyk, L. M., et al. (1993). Mathematical modeling of convecti-
ve drying processes, Kyiv: Budivelnyk. [In Ukrainian].

5. Nlachinski, A. (2001). Cellular Automata: A Discrete Universe.
World Scientific Publishing Company.
https://doi.org/10.1142/4702

6. Mnasri, F., Abahri, K., El, G. M., Bennacer, R., & Gabsi, S.
(2017). Numerical analysis of heat, air, and moisture transfers in a
wooden building material. Thermal Science, 21(2), 785-795.
https://doi.org/10.2298/TSCI160421248M

7. Ovsiak, O. V., & Dendiuk, M. V. (2023). Mathematical modeling
of moisture transfer in wood drying for the two-dimensional case.
Science Bulletin of UNFU, 33(4), 59-64.
https://doi.org/10.36930/40330408

8. Plumb, O. A., Spolek, G. A., & Olmstead, B. A. (1985). Heat and
mass transfer in wood during drying. International Journal of He-
at and Mass Transfer, 28(9), 1669-1678.
https://doi.org/10.1016/0017-9310(85)90141-3

9. Ravshanov, N., Shadmanov, 1., Kubyashev, K., & Khikmatulla-
ev, S. (2021). Mathematical modeling and research of heat and
moisture transfer processes in porous media. In E3S Web of Con-
ferences, 264. EDP Sciences.
https://doi.org/10.1051/e3sconf/202126401038

10. Shubin, G. S. (1990). Drying and heat treatment of wood. Forest
industry. [In Russian].

11. Sokolovskiy, Y. I. (1999). Technological stresses and deformati-
ons of wood during the drying process. Scientific Bulletin of UN-
FU, 9(3), 168-176. [In Ukrainian].

12. Sokolovskiy, Y. L. (1999). The relationship between the stress-
strain state of the dried wood and the parameters of the internal
and external processes of heat and mass transfer. Scientific Bulle-
tin of UNFU, 9(6), 64-68. [In Ukrainian].

13. Sokolovskiy, Y. I., & Dendiuk, M. V. (2006). The influence of
the geometric dimensions of lumber on the stress-strain state du-
ring their drying. Scientific Bulletin of UNFU, 16(2), 125-133.
[In Ukrainian].

14. Sokolovskyy, Y., & Sinkevych, O. (2017). Calculation of the
drying agent in drying chambers. In 2017 14th International Con-
ference The Experience of Designing and Application of CAD
Systems in Microelectronics (CADSM), 27-31.
https://doi.org/10.1109/CADSM.2017.7916077

15. Sokolovskyy, Y., & Sinkevych, O. (2021). The use of cellular au-
tomata in modeling the processes of wood drying in a stack. Uk-
rainian Journal of Information Technologies, 3(2), 39-44.
https://doi.org/10.23939/ujit2021.02.039

16. Sokolovskyy, Y., Sinkevych, O., Voliansky, R., & Kshyvetskyy,
B. (2020). Modeling of Heat Transfer in the Process of Wood
Drying Based on the Theory of Cellular Automata. In 2020 15th
International Conference on Computer Sciences and Information
Technologies (CSIT), 1, 1-5.
https://doi.org/10.1109/CSIT49958.2020.932191

68 HaykoBuii BicHUK HATY YKpainu, 2023, 1. 33, Ne 5

Scientific Bulletin of UNFU, 2023, Vol. 33, no 5



17.

18.

Sychevsky, V. A., Chorny, A. D., & Baranova, T. A. (2016). Op-
timization of aerodynamic conditions of the chamber drier opera-
tion. ENERGETIKA. Proceedings of CIS higher education insti-
tutions and power engineering associations, 59(3), 260-271.
https://doi.org/10.21122/1029-7448-2016-59-3-260-271

Toffoli, T., & Margolus, N. (1987). Cellular automata machines:
a new environment for modeling. MIT  press.

19. Vergnaud, J. M. (2012). Drying of polymeric and solid materials:

modelling and industrial applications. Springer Science & Busi-
ness Media. https://doi.org/10.1007/978-1-4471-1954-8

20. Zhao, J., & Cai, Y. (2017). A comprehensive mathematical mo-

del of heat and moisture transfer for wood convective drying.
Holzforschung,  71(5), 425-435. https:/doi.org/10.1515/hf-
2016-0148

https://doi.org/10.7551/mitpress/1763.001.0001

0. B. Oscsik, M. B. /leHow0k
Hayionanvnuii nicomexuniunuii ynisepcumem Yxpainu, m. Jlvgis, Yxpaina

3ACTOCYBAHHA KNIITUHHUX ABTOMATIB JAJIA MOAE/IIOBAHHA 30BHIIIHBOI'O
TEIIJIOMACOOBMIHY Y ITPOLECI CYIUIHHA AEPEBUHH

IIpoBeneHO MOEIIOBAHHS 30BHIIIHBOTO TEIUIOMACOOOMIHY B Kamepi cymriHHs qepeBUHN. OmHIEI0 3 0COOIMBOCTEH I[HOTO JOCTI-
JDKCHHS € BUKOPHCTAHHS KIITHHHUX aBTOMATIB 31 3MIHHIMH PO3MipaMH KIIITHHOK, SKi TICHO IIOB'S3aHi 3 TEOMETPUYHIMU HapaMeT-
paMy po3ryIsiyBaHUX IMIIOMaTepiaiiB. 3aBIsSKH LBOMY IIiIX0/y MOXKHA 3MOJICIIIOBATH Ta [IPOAHAI3yBaTH 3MIiHH XapaKTePUCTHUK ITH-
JIoMaTepiajiB MiJ yac MpoIecy TiiPpOTEPMIYHOTO OOPOOIICHHS 3 ypaxyBaHHIM iX YHIKaIbHOT reoMeTpii. Take MOJCIIOBaHHS Ja€ IliH-
Hy iHpOpMaLiio mpo Te, sIK pi3Hi popMH Ta PO3MipH JEPEeBUHH pearyroTh Ha pi3Hi yMOBHU cymniHHs. Lle mociipKkeHHs Mae 3HauyIi
HACHIAKK JUIs Taly3el, siKi 3aJeXaTh BiJl CYIIiHHS MHJIoOMaTepiatiB, TAKUX K OyAiBHULTBO Ta BUPOOHUIITBO MeOIiB, OCKIIBKH MPO-
TIOHY€ HAWBITya bHUI MiAXIA 10 MOJEPHi3alii MporeciB CymiHH MIIoMaTepiaiiB pisHoi reomerpii. [IpoBeneHo MozaenoBaHH:, B
SKOMY 3aCTOCOBYIOTH MTUJIOMAaTEpialii, MEPEeBaKHO 13 COCHU, CTAaHAAPTU30BAHOI TOBIIMHU 25 MM 1 3 IIOYaTKOBUM BMICTOM BOJIOTOCTI
30 %. MopeitoBaHHsI BUKOHAHO 32 YMOB IOMIPHOTO CYIIIHHS, MAaKCHUMAJIbHO TOYHO BiJATBOPIOIOYH CIEHApIii peaibHOro cBiTy. Sk
JOCITIKYBaHUI MaTepiall BAKOPUCTAHO COCHY, MO0 MiABHUIIUTH PEIICBAHTHICT pe3ybTaTiB. JJOCIiIKEHO BILTHB PI3HHUX IMapaMeTpiB
areHra cymrinHs aepeBuHH. 11106 mocsarTy npOro, CHCTEMAaTHYHO 3MIHIOBAIN TPH KJIIOYOBI YHHHHUKH: TEMIEPATypy, BITHOCHY BOJIO-
ricTh Ta MBHUIKICTH areHTa cymiHasi. KonmBanHs TeMmiepatypu cTaHoBHIIO B aiarna3zoni £10 °C. Tak camo BiJHOCHY BOJIOTICTB pery-
aroBanu B Mexax £10 % Bix cTaHmapTHUX TEXHOJOTIYHHMX mapamerpiB. HapemTi Oyio 301bIIEHO MIBUAKICTH areHTa CyIIiHHS J0
MakcUMyM 6 M/c. Y Takuii cnoci® ZOCIiPKEHO BIUIMB IUX 3MIiH Ha BMICT BOJIOTH B muiioMarepianax. OTpuMaHi pe3ysbTaTH MOXKHA
3aCTOCYBAaTH B NPOMUCIOBOMY CEPEJIOBHMIL, 30KpeMa Julsl MOKPAIIEHHS MPOLECY CYIIiHHS IePeBUHM. YHACHiIOK TiAPOTEPMiYHOr0O
00po6IeHHs MUIOMAaTePiatiB MiATBEPKSHO BaXKJIMBE 3HAUCHHSI [TapaMETPiB areHTa CYIIiHHS ASPEeBHHHI B KOHTPOJII BMICTY BOJIOTH B
nuomatepianax. [IoTeHMii I mepeBary moA0 SKOCTI MPOAYKIIT Ta 3arajabHOi e()eKTUBHOCTI BUPOOHHUIITBA HEMOXKIINBO MEPEOIiHHU-
TH, CHIOAIBAEMOCS, IO LSl poOOTa CTaHE MIHHUM PECYPCOM IS Tally3el, sKi 3a1exars Bl IepepoOIsTHHS ICPEBUHH.

Ku1ro4oBi cji0Ba: 30BHILIHIN TEIOMAacoOOMiH; TeMIepaTypa HaBKOJUIIHHOTO CEPEOBHUINA; BiIHOCHA BOJIOTICTh; MBUAKICTE Py-
Xy areHTa CyIIiHHs AePEeBHHU; PaBHIA IIEPEXOIIB.
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