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STUDY OF HEAT AND MASS TRANSFER IN WOOD-COMPOSITE MATERIALS BY
MEANS OF COMPUTATIONAL FLUID DYNAMICS

Wood-composite materials (WCM), undergoes complex heat and mass transfer processes during its conditioning.
Understanding these interactions is crucial for optimizing the conditioning process and ensuring high quality of the final
product. This study focuses on the problem of modeling the interactions that occur during WCM conditioning, taking into
account their characteristics that depend on temperature, moisture content, and density of the material. In addition, various
input parameters are taken into account in the modeling process to set the optimal conditioning conditions. Despite the
availability of these parameters in the literature based on the results of real experiments, consolidating this data in computer
modeling is still a major problem. To resolve this issue, this study focuses on modeling the heat and mass transfer processes
during WCM cooling using computational fluid dynamics (CFD) software such as SolidWorks Flow Simulation. By using the
capabilities of CFD, it is relatively possible to utilize technical parameters involved in the WCM conditioning process with
relative simplicity. The paper provides a detailed description of the created 3D model of the WCM-conditioning chamber and
its main components. In addition, the paper describes the various input parameters used in the modeling process, including
temperature, moisture content, and density of WCM. In addition, the operation of the fans was set up and the initial values of
temperature, moisture content, and air velocity were set. Based on the simulation, the results obtained include the
distribution of the temperature field and moisture content on the surface of the WCM at different material densities and air
conditioning parameters. Additionally, the trajectory of air masses and their velocity within the 3D model was obtained. In
general, the obtained results provide a better understanding of the influence of various input parameters on the process of
heat and mass transfer in WCM during their cooling. Given the comprehensive analysis, this research this work can be useful
for improvement of WCM production processes and quality control of final products. In particular, it emphasizes the
importance of further research in this area and the need for computer modeling of such processes to further develop effective
engineering solutions.

Keywords: SolidWorks Flow Simulation, computer modeling, CFD software, 3D model, temperature, moisture
content.

MAUYYTA OJIET, OJIIHUIIEH TETSAHA

HartionansHMit TicOTEXHIYHMI yHIBEpCHTET YKpaiHU

JOCJJIAKEHHS TEIIVIOMACOINEPEHECEHHS B IEPEBUHO-KOMIIO3UTHUX MATEPIAJIAX 3ACOBAMU
OBYHCJIIOBAJIBHOI I'JIPOJIUHAMIKH

/Jepesuno-komnosumui mamepianu ([JKM), nid yac ceo2o koHOUYioHy8aHHs1 npoxodumsb cKAAOHI npoyecu menaomMaco06MiHy.
Po3ymiHHs yux @3aemolill mae gupiwanbHe 3HA4eHHs 051 onmumizayii npoyecy kKoHOUYioHyeaHHs ma 3abe3neyeHHs: 8UCOKOI sikocmi
KiHyeso2o npodykmy. Y ybomy 0o0cai0xceHHI po32110aembcsi npobaema MoO0enl08aHHsT 83AEMO38’A3Ki8, WO BUHUKANOMb nid 4vac
KoHOuyioHyeanHs [JKM, epaxosylouu ix xapakmepucmuku, Wo 3a1excambs 8i0 memnepamypu, emicmy 6o102u ma wiabHocmi mamepiasy.
Kpim moeo, y npoyeci M00en08aHHS 8paxo8yombucsl pisHi 8xioHi napamempu 0415 3a0aHHS ONMUMAAbHUX PexHCUMi8 KOHOUYIOHYSAHHSL.
He3seascarouu Ha HasieHicmbv yux napamempie y 008idkosill simepamypi, 3acHO8AHIl HA pe3y/1bmamax peanbHuX ekcnepumeHmis,
KOHCoI0ayist Yux 0aHux npu KoMn'romepHoMy MOOea8aHHI 8ce uje 3aAUuwaemscst ceplioHorw 3adavero. 11Jo6 ycyHymu yio npozaauty, ye
docnidxceHHs1 cnpsAMO8aHe HA MOOeal8aHHS npoyecie mensaomMacoobminy nid uac oxosnodxcemHs JJKM 3a donomozorw npozpamHozo
3a6e3neyeHHs1 0151 064UCA08ANbHOI 2idpodunamiku (CFD), make sk SolidWorks Flow Simulation. Bukopucmogytouu modxcausocmi CFD,
MOXMCHA 8IOHOCHO /1€2KO BUKOPUCMAMU MEXHO1021YHI ma mexHiYHi napamempu, wjo 3adisiHi 8 npoyeci koHduyioHysarHs JJKM. Ilpu yvomy, e
pobomi HagedeHo demasbHull onuc cmeopeHoi 3D modeni kamepu koHduyionyeauHs JJKM ma ii ocHogHux komnonenmise. OKpim ybozo, 8
pobomi HagedeHO onuc pi3HUX 6XiIOHUX napamempis, WO BUKOPUCMOBYHMbCS 8 npoyeci Mo0enl08aHHS, ceped SKUX Mmemnepamypda,
gos1020emicm ma 2ycmuHa /JKM. Takoxc 30ilicHeHO Ha/nawmyeaHHsi pobomu 8eHmu./simopie ma 3adaHo no4amkosi 3HAYEHHS
memnepamypu, 80/10208mMicmy ma weudkocmi pyxy nosimpsiHux mac. B pesyabmami nposedeHozo Modent08aHHS 0mpuMmMaHi pezyabmamu,
ceped sKUX po3nodin memnepamypHoz20 no/s ma 8os0208micmy Ha noeepxwi JJKM npu pisniti 2ycmuni mamepiaay ma napamempax
KoHOuyioHyeaHHs1. Jlodamkoso, ompumaHo eueasi0 mpaekmopii pyxy ma weudkocmi nogimpsHux mac e mexcax 3D modeni. 3azanom
ompumaHi pezysbmamu 0038045110mb Kpauje 3p03yMimu enue pisHux éxioHux napamempie Ha npoyec mensomaconepeHeceiHs 8 JJKM nio
uac ix oxos00xceHHs. Bpaxosyrouu @cebivuHull aHanis, daHa poboma moxice 6ymu KOPUCHOW0 04151 800CKOHA/IEHHSI npoyecie 8upobHUYmMsa
JKM ma kowmposto sikocmi KiHyegoi npodykyii. 30kpema, 8oHa nidkpecre saxcaugicmes nodaabux docaidxcensb y yitl o6aacmi ma
nompeoy y Komn’romepHoMmy MoOeA8aHHI MaKux npoyecie 0151 no0a1buio20 po38UmkKy eheKmueHUX IHH#CeHePHUX pilleHb.

Knawouoei caosa: SolidWorks Flow Simulation, komn’'tomepHe Mmode/n08aHHsl, npozpamHe 3a6e3neyedHss CFD, 3D modesb,
memnepamypa, 8010208Micm.

Formulation of the problem
The difficulty of modeling the interrelationships that arise during WCM conditioning lies in their thermo
physical and mechanical characteristics, which depend on temperature, humidity, and material density. In
addition, the modeling process requires a large number of determining parameters and their combination to
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determine the optimal conditioning conditions for these WCM. Scientists and engineers are challenged to
combine a variety of data from reference literature based on experimental data to create a consistent model. It is
also worth noting that the structure of the WCM determines the importance of analyzing the physical and
mathematical model for simulating the cooling process in specialized computer programs. Despite this, the WCM
belong to the class of highly filled composite materials with a porous structure, the change in temperature and
humidity in which can be described based on general equations of heat and mass transfer of porous materials.
However, such modeling should take into account the regularities of heat generation and the adsorption of
moisture from wood. Due to this complexity, the development of specialized computer programs is resource-
intensive and impractical in terms of time and money. Therefore, computational fluid dynamics programs are
suitable for performing such tasks, one of the most developed of which is SolidWorks Flow Simulation. As a
result, it is necessary to improve the methods of modeling and determining the optimal conditioning regimes for
WCM, which requires a deeper understanding of the physical and mathematical aspects of heat and mass transfer
processes in such materials.

Analysis of recent publications

In the modern scientific and technical literature, analytical calculations for modeling the cooling process
of a WCM rarely encountered. Most existing approaches to their study based on theoretical models developed in
fundamental scientific works [1-3]. However, the use of even such models in practical engineering calculations is
difficult due to the need of obtaining numerical values for capillary-porous materials and the problem of system
closure with respect to the phase transition criterion. Despite this, some authors pay attention to these problems
and propose their own solutions. In particular, in [4], the authors developed a mathematical model that allows
theoretically calculating the cooling time of WCM made with low-toxic resins and displaying the temperature on
its surface as well as throughout the entire cross-section during any time interval. In turn, in [5], the authors
developed a model to predict the formation of a vertical profile of WCM density, which depends on the
processing parameters. The analysis of the results allows us to determine the optimal processing parameters for
obtaining WCM with high mechanical and physical properties. In particular, in [6], the authors investigate the
effect of the cooling process during WCM pressing on continuous presses. They analyze how this process affects
the heat distribution in the pressed material and the properties of the WCM. In general, the results of all these
researches indicate that the cooling process directly affects the physical characteristics of WCM, which makes it
necessary to model and optimize the technological and technical parameters of this process.

The aim of the work is to simulate heat and mass transfer processes during WCM cooling using the
computational fluid dynamics program SolidWorks Flow Simulation.

Design and main components of the WCM air conditioning chamber and creation of its 3D model

The main components of a WCM-conditioning chamber are a conveyor, support posts, a cool air
supply system, and a chamber body consisting of walls, roof, and door [7, 8]. Some of the most complex parts
in this case are the cold air supply system and the conveyor, which is responsible for moving the WCM
through the chamber. Since we are planning to perform calculations in SolidWorks Flow Simulation, the
geometric part of the cold air supply system can be neglected. However, in this case, it will be necessary to use
the LIDS tool in the cross-section of the ventilation duct to set the airflow parameters. In turn, due to the
complexity and three-dimensional design of the conveyor (see Fig. 1), certain simplifications must also be
applied to it. If this is not done, the calculation process will be long, which we don't want. In this regard, the
best way to simplify its design is to reduce the number of its support posts for holding WCM to the minimum
number, which in this case is 18 pieces. This number will be enough to place 4 standard-sized WCM [9]. When
designing the conveyor structure, special attention paid to its strength and stability for efficient and safe
transportation of WCM [10, 11]. In particular, it is envisaged that the thickness of the support posts will
always be greater than the maximum height of one WCM.

e

b o G
Fig. 1. View of the real conveyor of WCM air conditioning chambers

In general, the WCM-conditioning chamber design developed to allow us for set the correct trajectory and
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speed of the airflow in the chamber. In Figure 2, a 3D model of this chamber consisting of all the above components
is shown. The cold air supply system is also shown here but only for illustrative purposes, because as mentioned
earlier, it won't be used in the modeling process. Overall, each of these components plays an important role in

providing optimal air conditioning conditions for WCM.

Fig. 2. View of two projections of the 3D model of the WCM air conditioning chamber

Input parameters for modeling heat and mass transfer in WCM

For the research, we used WCM made of spruce in the amount of
50%, as well as hardwoods of birch in the amount of 30% and poplar in the
amount of 20%. Therefore, the WCM structure is three-layer, and its
density, taking into account the total amount of materials, is approximately
560 + 20 kg/m3. The WCM thickness is 16 mm. The adhesive concentration
is at least 50%. The moisture content of dry WCM is 2-3%, and the average
moisture content of the WCM after pressing is approximately 8~13%. The
technological modes of manufacturing the studied WCM are the pressing
temperature of 200°C and the pressing pressure of 2.8 MPa.

Since this study is going to investigate the process of WCM
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In general, to fully study the process of convective WCM
conditioning in SolidWorks Flow Simulation, the following ranges of
variables should be investigated, in particular: the temperature of cold air
for blowing WCM is 8-50°C, the relative humidity of this air is 20-90%,
the temperature of the WCM when they are stacked is 40-160°C, and the
duration of the WCM in the stack is 1-167 hours. In this case, it was
decided to set the temperature of the blowing air to 10.05°C, the relative
humidity to 50%, and the air velocity to 3 m/s. It is clear that all these
parameters are not difficult to set in the SolidWorks Flow Simulation
experiment settings (see Fig. 3).
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Fig. 3. Input air parameters

Results of modeling heat and mass transfer in WCM and their analysis
Since we don't consider the process of WCM pressing, it is necessary to have the initial parameters of the
WCM before it is cooled. In general, these data can be taken from real experimental data [15-17]. After setting
them, the corresponding graphical dependencies can be taken in SolidWorks Flow Simulation (see Fig. 4). It is
worth noting that these data are taken from the height of each WCM placed on the conveyor. Therefore, we can start
the simulation, which will last for 24 hours (321 iterations) with a step of 270 s.
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several experiments were conducted with different input parameters (see Table 1).
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Fig. 4. Initial values of WCM temperature and moisture content
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To investigate the dynamics of temperature and moisture content distribution on the surface of WCM,

Table 1
Input parameters for the studies
. . . M
Study No. Air Air re'l a‘tlve WEM m‘ovigure Density Velocity
temperature humidity temperature
content
1 10.05 °C 50 % 160 °C 10 % 560 kg/m? 3 m/s
2 15.05 °C 40 % 150 °C 9% 620 kg/m? 4 m/s
3 20.05 °C 30 % 140 °C 8% 680 kg/m? 5m/s
4 25.05 °C 20 % 130 °C 7% 730 kg/m? 6 m/s

The results of the experiments are presented in the form of graphical dependences of the temperature and moisture
content of WCM (see Fig. 5), trajectories of air masses with indication of speeds (see Fig. 6) and surface areas (see
Fig. 7). The results of the two latter were obtained at the end of the simulation for 321 iterations.
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The analysis of the obtained graphical dependencies shows sufficient adequacy according to the
experimental data [15-17], and the error doesn't exceed 10%. It is also worth noting that with an increase in the
duration of conditioning, the error decreases. In particular, starting from 120-140 iterations, the error ranges from
4-6%. The results also indicate that the moisture content values differ not only in quantity but also in quality. In
addition, the analysis of the results indicates that with an increase in the duration of conditioning, the moisture
content on the surface increases, which may be due to the release of moisture from the inside [18, 19].
Nevertheless, starting from the 180-200 iterations, the moisture content leveling over the entire surface and
thickness of the WCM is observed. Therefore, the equalization of moisture content on the surface of WCM
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during its conditioning is complex and depends mainly on the initial air parameters.
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Fig. 7. View of WCM surface areas and adjacent walls with display
of isosurfaces for temperature (a) and moisture content (b) of these areas

The results also indicate that the moisture content distribution in WCM is uniform during the cooling
process. For example, with an initial moisture content of 7-10% on the WCM surface, this moisture content changes
during cooling. At the same time, the first 50-70 iterations are characterized by a significant increase in moisture
content at the boundary, which is associated with the release of moisture from the inside of the WCM. After this
period, the moisture content on the surface begins to return to the initial level and gradually decreases to 3 -4%.
As for the temperature, this dynamic is not observed, since the temperature on the surface of the WCM begins to
decline immediately.

Conclusions

As a result of this work, it was possible to study the processes of heat and mass transfer in WCM during air
conditioning using computational fluid dynamics. The modeling was performed in SolidWorks Flow Simulation,
and it provided important information about the distribution of temperature and moisture content on the surface of
the WCM, as well as the trajectories of air masses and their velocity inside the air conditioning chamber. The results
of the study confirmed high adequacy compared to the experimental data, with an average accuracy of up to 10%. In
general, this study found that the conditioning process significantly affects the physical characteristics of WCM, so
it is very important to optimize the technological parameters of this process. In addition, it was found that the
moisture distribution in WCM is uniform during the cooling process. At the same time, it was possible to establish
the dynamics of moisture changes on the surface of the WCM, which provides a better understanding of moisture
transfer processes and their impact on the final quality of the material.

In general, the results of this work can be important for WCM manufacturers, as it provides them with a
tool for optimizing the technological processes that occur during the conditioning of WCM. Although this work
doesn't cover the WCM pressing process itself, it opens up new opportunities and prospects for further research in
this area to develop more efficient engineering solutions.
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