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12. DEVELOPMENT SOFTWARE FOR STUDY
THE WOOD DRYING CHAMBER BY USING
A THREE-DIMENSIONAL MATHEMATICAL
MODEL BASED ON CELLULAR AUTOMATA

The paper describes the study of the drying processes of capillary-porous materials by
using the CAD model of wood drying chamber. The study involves the determination of
temperature and humidity in the stack of dried wood by using cellular automata.
To accomplish this task, we developed a three-dimensional mathematical model of heat
transfer of wood in the drying process. In order to use this mathematical model in practice,
we described the ways of representing the CAD model in the form of multidimensional
arrays whose elements are 3D cubes, as well as special schemes of the relation between the
edges of these 3D cubes. This representation allows us to make the most effective use of
the developed mathematical model, which is described by an interconnected system of
partial differential equations in time derivatives and spatial coordinates. Also in this paper,
the results of the calculations in the form of graphs of change in the temperature and
humidity of the stack of dried wood according to time iterations are shown. In order to take
simpler results, we developed a radial basis artificial neural network.

12.1. INTRODUCTION

This type of work involves modeling and investigating methods of drying wood in
forestry chambers. The object of the study in this case is aerodynamic processes.
To calculate the parameters of the wood drying agent, SolidWorks Flow Simulation
software application will be used with the theory of cellular automata. In the second case,
it is supposed to represent the investigated CAD model in 2D von Neumann neighborhoods.
In this work, we also develop software that is based on well-designed algorithms using the
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SolidWorks API. In addition, we develop a radial basis artificial neural network that will
determine the parameters of the wood drying agent in a given face of the selected 3D cube
and at a given point in time.

12.2. CAD MODEL AND ITS PRESENTATION IN 2D
NEIGHBORHOOD OF VON NEUMANN

12.2.1. CAD MODEL OF THE CHAMBER

This paper investigates the CAD model of a wood drying chamber that we
previously designed in SolidWorks environment. This CAD model consists of several
components, including walls, doors and ceiling of the wood drying chamber, stacked
lumber, humidifying nozzles, water heaters and axial fans. All components are
combined into one large assembly (Fig. 12.1).

Fig. 12.1. Investigated CAD model in SolidWorks environment (a — stack of lumber;
b — ceiling of the drying chamber; ¢ — moisturizing nozzle; d — axial fan; e — water heater)

In total, we can have five types of water heaters, humidifying nozzles and axial fans.
The choice of the type of equipment required depends directly on the physical
dimensions of the wood drying chamber. Various types of equipment differ in
geometric dimensions, capacity heater, the maximum volume of air that passes per
minute and other.

The basic geometric dimensions and drawings of moisturizing nozzles used in this
CAD model of the wood drying chamber are shown in Figure 12.2 and characteristics
of water heaters and axial fans shown in Figure 12.3.

In this paper, the focus will be on the stacks of lumber, for which we developed
a corresponding three-dimensional mathematical model of heat transfer of wood in the
drying process [1].
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Fig. 12.2. Characteristics of moisturizing nozzles
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Fig. 12.3. Drawings and characteristics of axial fans and water heaters

12.2.2. MODEL IN 2D NEIGHBORHOOD OF VON NEUMANN

To study the proposed CAD model of a wood drying chamber by using cellular
automata, it is necessary to present it in the form of 2D neighborhood von Neumann
Ist order. In Fig. 12.4, an example of a graphical breakdown of one stack of lumber is
shown where it is unfolding in 2D neighborhood von Neumann [2].

In a similar way, all existing components of the CAD model of the wood drying chamber
are broken down. In order to use cellular automata to investigate the parameters of the wood
drying agent in the CAD model under study, in addition to splitting it into 3D cubes, it is
also necessary to develop links between these 3D cubes. For this task, we used the
connections on the tangent faces of different 3D cubes. Fig. 12.5 shows a general view of
making such connections using the example of one of the lumber [3].
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Fig. 12.4. View of a graphical breakdown of a stack of lumber
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Fig. 12.5. The process of making connections between adjacent 3D cubes

= = = = =
- B = = B
i i i
I —
= = =
@ o x o
o w )
. _ ~ 4 _ -
) = )
M > x
4 4 ) 4 4
] + ¥ + ]
= D = = T = =
= O ) = Tl = =
> ) 7 M v M B
) 4 4 ) )
) + 3 ) +
D L —
n, » e
— g ) " —
) - ¥ - o)
- = = = B
" v "
= T = = =
> > > - -

Fig. 12.6. The scheme of the relationship of the faces between two adjacent 3D cubes
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With a graphical way of making connections between adjacent 3D cubes, we developed
an appropriate diagram of the relationship between all faces of two adjacent 3D cubes
(Fig. 12.6). The notations X and Y are two adjacent 3D cubes, and the numbers adjacent to
them are responsible for the faces of this 3D cubes [4].

12.3. DEVELOPMENT OF 3D MATHEMATICAL MODEL OF
HEAT TRANSFER IN THE DRYING PROCESS

12.3.1. DESCRIPTION OF THE DEVELOPED MATHEMATICAL MODEL

To determine the parameters of the wood drying agent, a three-dimensional
mathematical model of heat transfer of wood in the drying process was constructed.
This three-dimensional model is described by an interconnected partial differential
system of partial time derivatives and spatial coordinates and has the following form

( aT; 02T, 02T, 92T, oU;
cp— T /1162 Azay2+/13az+€p0rat
(12.1)
aU; 92U, 92U, 02U 02T, 0°T; 02T,
E = aq _a 2 + a, _ayz + a3 _aZZ + a15 a 2 + a25 ayz + a35 azz y

where (x,y,z,t) € Q, domain Q = {0 <x,y,z<[0<t<7t}, T; = Ti(x,y,21t)
— temperature, U; = U;(x,y,z,t) — moisture content, ¢ — specific heat, p — density,
i — serial number of 3D cube, t — time, x,y,z — coordinates of the 3D cube location,
{A1, 15,3} — coefficients of thermal conductivity, € — phase transition coefficient,
po — basic density, r — specific heat of vaporization, {a;, a,, a3} — humidity coefficients,
6 — thermo gradient coefficient.

Initial conditions that relate to a period of constant drying rate of wood have also
been developed as follows

T;(0,x,v,2) = Ty(x,y,2), U;(0,x,vy,z) = Uy(x,y, 2). (12.2)

In general, the developed mathematical model can be implemented by using finite
element methods or differences.

12.3.2. BOUNDARY CONDITIONS ACCORDING TO THE CREATED 3D CUBES

For this three-dimensional model, we developed boundary conditions of the third kind,
which correspond to each of the faces of the created 3D cubes. Such a representation makes
it possible to apply this mathematical model in the study of the parameters of the agent of
drying wood by using cellular automata [5].

Generally, the boundary conditions developed are as follows:
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where j — index (j = 1,2,3), a — coefficient of heat exchange,  — moisture exchange
coefficient, [ — the length of each face (all faces are equal to each other), Uy, (T, @) —

equilibrium humidity, T, — ambient temperature, ¢ — relative humidity.

12.4. SOFTWARE DEVELOPMENT FOR RESEARCH OF CAD
MODEL BY USING CELLULAR AUTOMATA

12.4.1. GRAPHICAL INTERFACE

To study the CAD model, a software in the Microsoft Visual Studio 2010 application
using programing language C# was developed. This program has several tabs, one of
which is responsible for working with cellular automata (Fig. 12.7).

Change main input data Result of calculation Result of 3D designing Parameters of cellular automata = Research of the designed system
Calculation the size and number of 3D cubes Results of calculations
Length, Height and Wight of one lumber [mm] Quantity of necessary 3D cubes for one lumber [pieces] -> 76 800 000
1000 - 16 v 75 - FIND Quantity of necessary 3D cubes for a stack of lumbers [pieces] -> 5 500 800 000
The number of lumbers in one stack [pleces] 36 < Quantity of necessary 3D cubes for the whole of the system [pieces] -> 360 460 800 000
Initial temperature of air 2000 . and lumber 2000 : °C GENERATE A GIVEN
Total numberof 16 - ™ 4 o0 =
Initial humidity of air 60.00 o andlumber 4000 & =% RESEARCH SYSTEM
required stacks [pieces]
Checking system compliance
Height of the e o >vis) Xl (1) iy X
gasket [mm)] s =>Y3 g -> X[3)
: i i x[1] v Y141|viel yig | YO rye) X8| XIE) X14l (1]
Possible density options: 3 x(4] x[6] o > X[1) X(4) x(6]  Yi4) 6l via) gy > Yi4) | vi6)
025 . mm BEGIN CREATING >X[2] X[s] < >Y2] YIS) <

Fig. 12.7. View the tab of the developed software for working with cellular automata

With this software, the user can enter the size of the lumber, their number in one stack and
the total number of stacks. Based on this data, the program can generate a three-dimensional
array of data, the size of which will depend on the separation density of the studied CAD
model, which is entered by the user. By manipulating the size of the separation density into
3D cubes, the user can get the most accurate calculation results [6].

12.4.2. UML DIAGRAMS

To work with the created three-dimensional array, we developed 12 classes, which
can move objects of different classes among themselves. In this regard, instances of the
developed classes have associative relationships, which are shown in the developed
class diagram (Fig. 12.8).
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Fig. 12.8. The appearance of a class diagram

The sequence diagram (Fig. 12.9) shows the interaction of objects of the developed
classes with each other. This diagram shows only those classes that are directly
involved in investigating the parameters of a wood drying agent by using cellular
automata [7].

To better understand all the functionality of the developed software, you can use
the diagram of use (Fig. 12.10).

User [3D_Model] [Find] [Cut] [Stack] [Lumber] [Level] [Cube] [Calculation]

1. Download a 3D model of aistack
e ]
2. Search for (&m: lumber

3. (‘onducting! calculation of possible options for the section of timber

! 4. Transmissiop of possible options to the user

5. Selection and transmission :pf 3D model partition parametcr':;; |

6. ('cnductingia 3D model section

1 7. Saving one ‘::n:ated 3D cube
| 8. Saving one créated level

+—
9. Preservation bf one created lumber
——

10. Saving whole created stack

—
11. Informing the user aboutisuccessful chapter and save of 3D models

—

2. Selection and transfer of cialculalion paranjeters

13. Carrying out a given|calculation

.

14. Getting the results of the calculation

Fig. 12.9. The appearance of a sequence diagrams

139



CAD model
research

Parametrization %

of the CAD
model user
Selection the physical

characteristics of
lumber

Sclection of the
main input data

Set new parameters
of CAD model

Choose existing
parameters of
CAD model

Save the
parameters of the
heating system

View the
proposed data and
start the design

Design a door of
wood drying chamber

Specify the number
of lumbers in stack and the
number of stacks

Specify a physical
parameters of the
lumber

Save the
parameters of the
umidification system/

Design one lumber

Cutput of possible
density values for a cut
of CAD model

Design a celling
of wood drying
chamber

Selecting density
parameters and start
splitting process

Save the
parameters of the
ventilation system

Design one
stack of lumber

Enter the initial
parameters of wood
Design a body drying agent
of wood drying
chamber

Design piles :
of lumber ¥

Launching an
expirement to determine the
interaction of stack and wood,
drying agent

Read the existing
parameters of
CAD model

Design a given
CAD model of wood
drying chamber

Fig. 12.10. The appearance of a using diagram

12.5. CALCULATION RESULTS

12.5.1. EXPERIMENT IN SOLIDWORKS FLOW SIMULATION

To determine the change parameters of agent timber, an experiment using
SolidWorks Flow Simulation was carried out. As a result of this experiment, we
obtained the numerical values of temperature and relative humidity of the air masses in
the wood drying chamber. In addition, we obtained a trajectory of motion of air masses,
based on which the surface of change of temperature and relative humidity in the upper
layers of the CAD model were taken.

Temperature [°C] Humidity [%]
24,5 61
24 =
23,5
57
23
22,5 55
22 53
21,5
51
21
20,5 49
20 a7
0 20 40 60 80 100 0 20 40 60 80 100
Iteration Iteration

Fig. 12.11. Graph of temperature and humidity in wood

As aresult of 100 iterations, we obtained average numerical values of the temperature and
humidity. Based on these data, the corresponding graphs (Fig. 12.11) were constructed. These
graphs show that the Y axis is responsible for the average values and the X axis for the
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iteration numbers. Based on the obtained data, we constructed graphs of temperature and
relative humidity changes of the wood drying agent in space and time (Fig. 12.12).
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Fig. 12.12. Graphs of temperature and relative humidity changes in space and time

12.5.2. DYNAMIC EXPERIMENT BASED ON 3D CUBES

Therefore, at the beginning of the experiment, we have a huge number of 3D cubes
whose faces have initial values. Next, we select one 3D cube, which in the course of
the experiment will have a change in the numerical values of its faces according to the
developed mathematical model. We will call this 3D cube X1 and denote the numbers
of its faces in square brackets [8].

Time = 2 Time 0 1 2 3 4

31 x101] | 20,00 20,03 20,05 20 os-
2 Time = 3| |x1[2] | 20,00 20,00/ 20,03] 20,05
[x1 131 |<11X1lll|_’|>‘1 6] x1[3) | 20,00] 20,00 20,00 20,03 20,05
3 : x1[4) | 20,00] 20,00] 20,03 20,05] 20,09
' x1[5] | 20,000 20,00 20,03] 20,05 20,09
E x1[6] | 20,00] 20,00 20,03] 20,05 20,09
:

d 12
|X4[6]|<"'|X1[5]]4—|X1[1]|—“IXI[5]|T’|X2[5]| x2(1) | 20,00] 20,00] 20,00] 20,00] 20,03
' x2[2] | 20,00] 20,00] 20,00] 20,00 20,03
: x2(3) | 20,00] 20,00] 20,00] 20,00 20,03
] x2(a) | 20,00 20,00] 20,00 20,00] 20,03
X2 [S] 20,00 20,00' 20,00] 20,03] 20,05

x3[1) | 20,00] 20,00] 20,00] 20,00] 20,03

bam] [eE] (el Time = 4| [xa[2) | 20,00 20,00 20,00 20,00] 20,03

*s 7 76 x3[4] | 20,00] 20,00 2000 20,03] 20,05

x3(5) | 20,00] 20,00 2000 20,00] 20,03

[x3 [Sll‘_l’ﬁ [411 |X5[1|| x3[6] | 20,00 20,000 20,00] 20,00 20,03
TR T T x4[1] | 2000] 2000/ 2000 2000/ 20,03

l : |X1[2]]—’|><1[3|| IXZ[1]| xa[2) | 20,00] 20,00 20,00 20,00 20,03

[xa [4]}. t10,; 264 24f ' o 14 ;|x2 [4]] | [xa1 | 20,00 20,00] 20,00 20,00 20,03
12]x4 6] |.-L|x1 [5] Iq—l X1[1] ]—>|)(1 [GII'I"IXZ 151 3 xa[a) | 20,00] 20,00 20,00] 20,00 20,03

|)(4 [1”‘/ ‘13 ! 22‘ 28‘ \4)(2 [3]| X4 [6) 20,001 20,00) 20,00{ 20,03 20,05

[xa31] Ix1 [3]i-—|x1 1]

X2 (2] xs01] | 2000] 20,00] 20,00] 20,00] 20,03
X5 [2) 20,00| 20,00 20,00| 20,03| 20,05
x503] | 20,00] 20,00 20,00 20,00] 20,03
xs(s] | 20,00] 20,00] 2000 20,00] 20,03
X5 [6] 20,00| 20,00) 20,00) 20,00 20,03

[x611) | 20,00] 20,00] 20,00] 20,00] 20,03

Fig. 12.13. Performing 0-4 iterations of the experiment when changing the temperature values
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In the course of the experiment, the faces of X1 will transfer the change of their
numerical values to adjacent faces of other 3D cubes, which we will call XN, where N is
the ordinal number of 3D cubes. To determine the number of tangent faces in adjacent
3D cubes, we can use the developed scheme of relations, which is shown in Fig. 12.6.

An example of performing this experiment, when selecting the initial first face for
X1 is shown in Fig. 12.13. Since the experiment involves a large number of iterations,
we have shown only the first four. At the same time, we consider that at the first and
second iterations (time = 1, 2) the numerical values of only the eigenvalues for X1 are
realized. Beginning with the third iteration (time = 3), we can observe the process of
transmitting numerical values for the faces of neighboring XN. In addition, this figure
shows the temperature values for all involved faces of the selected 3D cubes [9].

12.5.3. USING A RADIALLY BASED ARTIFICIAL NEURAL NETWORK

In order to obtain numerical values in any 3D cube and at any time, we have created
a radial basis artificial neural network. This network contains three layers. The first
conventional input layer distributes the sample data for the first layer of weights.

The second layer contains hidden neurons with radially symmetric activation
function. The third layer of the network is the source. Such a radial basis network with
R inputs is presented in Fig. 12.14.

Inputs Radial-basis neuron

A
— 1 h

Wy, Wi

i? dist| - A —

P,

lo—»f b

N REN y

~"
a =radbas (||p-w||b)

Fig. 12.14. Radial basis artificial neural network

The input of the activation function for a given artificial neural network is defined
as the modulus of difference of the vector of weights w and the vector of input
p multiplied by the displacement b. This function will have a maximum equal to one
with zero input. As the distance between the vectors w and p decreases, the output of
the radial basis function will increase. Therefore, the radial basis neuron will act as an
indicator that generates a unit value when the input p is identical to the weight vector
w. The offset b can adjust the sensitivity of neurons radbas.

In order to take full advantage of this artificial neural network, it is necessary to have
arrays of the input training sample. These arrays are obtained by performing the first 100
iterations of the experiment. In general, we have the following arrays:

142



e Input - coordinates of the 3D cube, time, number of its face, type sought;

e  Temperature - temperature values;

¢  Humidity - humidity values.

In total, each of the training sample arrays contain at least 600 datasets. These arrays

are shown in Fig. 12.15.

@4 Variables - Temperature

@4 Variables - Humidity

Humidity x| Temperature x| Velocity x[input x]

[Temperature ><] Velocity x

1] Temperature <600x1 double>

erature %

uble>

&4 Variables - input
[ input <600x4 double>

1 2
100 2.8000 3.2000
101 -4 -1.3000
102 2.8000 -1.3000
103 0.1000 0.2000
104 -1.2500 0.2000
105 -2,6100 0.2000
106 -4 0.2000
107 1.4600 0.2000
108 2.8000 0.2000
109 01000 1.7000
110 -1.2500 1.7000
111 -2,6100 1.7000
112 -4 1.7000
113 1.4600 1.7000
114 2.8000 1.7000

3 4

2.8000
-2.8000
-2.8000
-2.8000
-2.8000
-2.8000
-2.8000
-2.8000
-2.8000
-2.8000
-2.8000
-2.8000
-2.8000
-2.8000
-2.8000

0
20
20
20
20
20
20
20
20
20
20
20
20
20
20

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

1

20.2180
18.3988
183444
183731
18.6367
20.5831
18.4563
18,3483
18.3675
18.5496
19.2686
241706
18.5048
18.4067
18.3952

2

0 Humidity <600x1 do
1
100 59.9400
101 60.9911
102 60.6799
103 61.1059
104 61.0152
105 59.3555
106 61.0187
107 60.5760

108 60.5307
109 61.0516
110 604537
111 57.3406
112 60.9992
113 60.7495
114 60.4262

2

Fig. 12.15. The appearance of the training sample arrays

With a training sample, we have created a feature that allows the use of artificial

neural network. This Mynetwork feature is as follows:

Function Result = Mynetwork (x, y, z, time, number, type, temperature, humidity)

Net = newrbe (input’, temperature’);

Net = newrbe (input’, humidity’);

If type =="T
End
If type ==‘H’
End

Result = sim (net, [x, y, z, number, time]’);

As a result of using this function, we obtain the required numerical value according
to the given coordinates and the face number of the desired 3D cube [10]. The use of
the developed Mynetwork function is as follows:

>> res = Mynetwork (21, 18, 16, 214, 1, ‘T’, Temperature, Humidity)

res =24.9542

>> res = Mynetwork (21, 18, 16, 214, 1, ‘H’, Temperature, Humidity)

res =61.0484
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From this example, you can see that x=21, y=18, z=16, time=214 second and the face
of select 3D cube is equal one. In addition, it can been seen that in the first case, we
selected the temperature and in the second case, we selected the relative humidity.
As aresult of using developed Mynetwork function, the artificial neural network
showed the following results: T = 24.95°C and H = 61.05%.

12.6. CONCLUSIONS

In this work, we performed a series of experiments in SolidWorks Flow Simulation,
based on which we determined the parameters of the wood drying agent. In addition,
to determine the parameters of a wood drying agent by using the theory of cellular
automat, we developed a mathematical model. To use this theory, we presented a CAD
model in the form of 2D Von Neumann neighborhoods in 1-order. Based on the
obtained data, we got the graphs of aerodynamic flows in the CAD model. In addition,
we developed and tested an artificial neural network that determine the temperature and
humidity of any face of the selected 3D cube at a given point in time.
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