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DESIGN AND OPERATION MODE OPTIMIZATION
OF THE DRYING CHAMBER BASED ON ITS 3D MODEL

This paper focuses on the analysis and optimization of the drying chamber design using SolidWorks Simulation
software. One of the main problems that arises in the design of drying chambers is the need to ensure optimal conditions for
efficient drying of materials. In this regard, this study determines the optimal design parameters of the drying chamber and its
operating mode to ensure uniform temperature distribution in the stack. The methodology includes creating a 3D model of the
drying chamber and its main components in SolidWorks, generating a difference mesh, conducting a thermal study in
SolidWorks Simulation, and applying Design Study to optimize the design parameters of the drying chamber and its operating
modes. The simulation results include the output of the heat flow in the stack and temperature measurements at various points,
which allows us to assess the temperature differences and the impact of optimization parameters on them. Temperature
measurements at different points were performed using the Prob tool, which takes into account the exact geometry and
location of nodes on the tetrahedral elements of the difference grid of the 3D model of the drying chamber used for the
calculations. In general, the study consists of applying an integrated approach to the design of drying chambers using
SolidWorks and automating the optimization process through the SolidWorks API, for which software has been created. The
software also allows users to enter input data for the 3D model design and thermal study parameters for their transfer to
SolidWorks. In addition, the software provides the ability to perform calculations directly in SolidWorks Simulation but in the
background, so that the results obtained will be displayed in a special program window in a fully automated mode. It is also
worth noting that performing calculations without visualizing this process significantly reduces the time to obtain results that
can be used to improve the technological processes of drying various materials in drying chambers.

Keywords: SolidWorks Simulation, Design Study, Software, Thermal analysis, Automation, Heat flow, Lumbers.

OJIAHUIIEH TETAHA
HanionansHuii 1icoTexHiuHMI yHIBepCUTET YKpaiHu
MAUYTA OJIE

HanionansHuii icoTexHiuHUI yHIBEpCUTET YKpaiHU

OIITUMIBAIIA KOHCTPYKIII TA PEXXUMY POBOTH
CYIIWJIBbHOI KAMEPU HA OCHOBI ii 3D MOJEJII

/Jlana po6oma npucesiueHa aHaaizy ma onmumizayii KOHcmpykyii cywunvHoi kamepu 3a donomozoio 113 SolidWorks Simulation.
O0Hier0 3 0OCHOBHUX Npo6.ieM, AKA BUHUKAE NPU NPOEKMYB8AHHI CYWUNbHUX KaMep, € He0O6XiOHicmb 3a6e3neveHHs1 ONMUMAAbHUX YMO8 0415
epeKmusHo20 cywiHHs mamepiaaie. Y 36°a3Ky 3 yum, 8 daHoMy 00CAi0xHceHHI 8U3HAYANOMbC ONMUMA/IbLHI hapamempu KOHCMpYKYii
cywuabHoOl kKamepu ma pexcumy ii po6omu 04151 3a6e3neyeHHs1 piBHOMIPHO20 po3nodisy memnepamypu 8 wmabenai. Memodosozisi 8karo4ae
cmeopeHHsi 3D-modesi cywuavHoi kamepu ma ii ocHosHux komnoHeumis y SolidWorks, ecenepayito pisHuyeeoi cimku, nposedeHHsi
mepmiuHo20 docaidxcenHsi & SolidWorks Simulation ma 3acmocyeatnus Design Study 045 onmumizayii KOHCmpyKmueHUX napamempis
cywuavbHoi kamepu ma pexcumie ii pobomu. Pezyabmamu Mmoden08aHHs 8KANYAIMb 8U8I0 Menio8o2o0 nNomoky y wmabeai ma
BUMIPIOBAHHS MeMhepamypu 8 pi3HUX Mo4Kax, wo 0ae 3Mozy oyiHumu pisHuylo memnepamyp i enaue Ha HUX napamempie onmumisayii.
BuwmipiosaHHsi memnepamypu 8 pi3HUX MOYKAX BUKOHAHO 3a 00nomoz2oi iHcmpymenmy Prob, sikull epaxogye mouHy zeomempilo ma
po3maulysaHHs 8y3/aie Ha mempaedpu4HuX esemeHmax pisHuyesoi cimku 3D modenai cywunabHoOi Kamepu, BUKOPUCMAHOI 0151 pO3PAXYHKIE.
3azanom 0ocaidxiceHHs Nos2aE 8 3acMOCY8AHHI KOMNIEKCHO20 nidxody 0o npoeKmy8aHHs CyWUAbHUX kKamep 3 gukopucmaHHsam SolidWorks
ma asmomamu3sayii npoyecy onmumizayii uepes SolidWorks API, 015 aukopucmauHs sikoeo cmeopeHo gidnosidue I13. Jlane 13 makodic
dossossie kopucmysavam egodumu 6xidHi daHi s npoekmyeanHs 3D-modesai ma napamempu mepmiuHo20 00CAIONCEHHS, 3 Memoio ix
nepedasamHs y SolidWorks. Okpim yvozo, I13 Hadae modxcaugicms @UKOHy8amu o64ucaeHHs 6e3nocepedHvo e SolidWorks Simulation ase y
doHosOMY pedcumi, 3a805IKU YOMY, OmpuUMaHi peysbmamu 6ydyme gidobpaxcamucsi y cneyiansbHoMy npozpamHOMy GiKHI hogHicmio 8
asmomamu3so08aHoMy pexcumi. Bapmo makodic 3a3Havumu, ujo npogedeHHs1 po3paxyHkie 6e3 gizyasizayii ybo2o0 npoyecy 3Ha4HO CKOPOUYE
4ac ompuMaHHsl pe3y1bmamis, ki 8 no0aabUWoMy MOXICHA 3acmocogysamu 0151 600CKOHA/1EHHS MeXHO/102IYHUX NPOYecie CyWiHHS PI3HUX
mamepianie y CywuabHUX Kamepax.

Knatwouoei caosa: SolidWorks Simulation, Design Study, Ilpozpamue 3a6e3nevenusi, TepmiyHe docaidxceHHs, Aemomamu3sayis,
Tens08uti nomik, I[Tunomamepianu.

Formulation of the problem

Drying chambers provide a crucial role in a variety of industrial processes, ensuring that moisture effectively
removed from materials while maintaining optimal conditions for their preservation and quality [1]. The design and
operation of these chambers have a significant impact on the efficiency and cost-effectiveness of drying processes.
Therefore, there is a constant demand for innovative approaches to optimize the design of drying chambers and their
operating modes. One of the main challenges in the design of drying chambers is to achieve an even temperature
distribution across the stack, which is important for ensuring consistent drying speeds and product quality. Traditional
design methods often rely on empirical approaches or simplified analytical models that may not fully capture the
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complex thermal dynamics in the drying chamber. In the last few years, computer-aided design (CAD) and simulation
tools have become valuable assets in the design and optimization of drying chambers. In particular, SolidWorks
Simulation offers a powerful platform for thermal analysis and optimization of chamber design parameters using finite
element analysis (FEA). This study presents a comprehensive analysis and optimization of both the drying chamber
design and its operating modes to achieve a uniform temperature distribution in the stack using SolidWorks
Simulation.

Analysis of recent publications

The use of software for designing and modeling various processes, including the drying of various
materials, has been gaining immense popularity in recent years. For example, in work [2], software tools are used
to optimize the parameters of the drying process and modeling on the COMSOL Multiphysics platform. The optimal
parameters found allow for maximum productivity and uniform product quality in each drying batch. At the same
time, work [3] proposes a new model of a hybrid dryer and software for designing and simulating a dryer, which
allows improving the efficiency of hybrid dryer design. The methodology includes functional analysis,
mathematical modeling, and virtual prototyping, using SolidWorks for CAD modeling and Matlab for numerical
simulations and implementation of mathematical models in the user interface. In turn, work [4] develops hybrid
solar dryers that make it possible to dry a variety of agricultural materials and other porous products. To select the
optimal design of the dryer, numerical simulation of heat and mass transfer in a solar dryer was investigated using
appropriate software tools. All these works demonstrate the relevance of the chosen research direction.
Unfortunately, none of these studies consider the possibility of improving the design of traditional drying chambers.
Nevertheless, such improvements are extremely necessary because they make it possible to improve the drying
process, which in turn will positively affect the quality of the final product.

The aim of the work: To conduct a comprehensive study of the heat transfer process in a drying chamber
using SolidWorks Simulation software. The research objectives include studying the temperature distribution in a
stack of materials, establishing optimal parameters to ensure uniform heating of materials, and developing and
implementing software to automate the modeling and research process.

Overview of the 3D model of the drying chamber assembly

The drying process requires precise and efficient control over all aspects of drying, including temperature,
ventilation, and moisture distribution [5]. In this context, a 3D model of a drying chamber becomes a key tool for
analyzing, designing, and optimizing its operation. This 3D model not only allows visualization of the drying chamber
structure, but also provides an opportunity to analyze its elements in three-dimensional space, which is critical for
identifying potential problems in the design and determining rational solutions to solve them.

In this case, the 3D model of the drying chamber consists of the following elements:

- An air supply system, which is necessary to ensure uniform air distribution throughout the drying
chamber, which is necessary to achieve uniform drying of materials.

- Heaters, which are used for heating the air circulating in the drying chamber and are a key element for
controlling the temperature and drying speed.

- Fans that are used to actively mix the air in the drying chamber, which contributes to the uniform
distribution of heat and moisture.

Fig. 1. View of the designed 3D model of the drying chamber in isometric (on left) and side views (on right)
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- Stacks on which materials are placed for drying. Their number and size affect the efficiency of air
circulation and heat distribution in the drying chamber.

- Walls, doors, ceiling, which are the main structural elements of the drying chamber and determine its
shape and size. They are important for heat retention and controlling energy losses.

To better understand the design of the drying chamber and its components, we consider the appearance of
their 3D models in the assembly (see Fig. 1).

Performing a thermal analysis in SolidWorks Simulation

Conducting a thermal analysis in SolidWorks Simulation is an important step in determining the heat flow
in the drying chamber. Based on the results of this heat flow, it is possible to determine whether the design of the
drying chamber and the set mode of its operation are optimal [6]. Below is described the process of conducting and
analyzing the thermal analysis, which allows for a better understanding of the thermal processes occurring in the
drying chamber.

After selecting the designed 3D model of the drying chamber and creating a new "Thermal study", it is
necessary to establish important input parameters that affect the thermal processes in the drying chamber. These
parameters include: the contact area between the heaters and the drying chamber structure (Connections / Contact
Set), the distributed thermal resistance between the selected surfaces (Thermal Resistance), the heat power of the
heaters (Thermal loads / Heat Power), convection for heat transfer to the external environment (Thermal loads /
Convection), and the ambient temperature (Bulk ambient temperature). It is worth noting that the research is
conducted at a constant drying rate and for materials with parameters that differ from those presented in the
SolidWorks material database. In particular, three materials were selected that are most commonly used for drying
in Ukraine, i.e. oak, beech, and pine. The parameters of these materials are taken from [7], which was formed
according to the results of measurements of real experiments.

To estimate the heat losses, a general calculation of heat transfer through the walls of the chamber can be
used [8]. In this case, the height of the drying chamber is 3.2 m, the width is 2.6 m, and the length is 3.6 m. The walls
have a thickness of dwus = 0.15 m and are made of heat-insulating material with a thermal conductivity coefficient
Awais = 0.05 W/(m°C). It was determined that the temperature difference (A7) between the drying chamber and the
ambient environment at the initial time is approximately 10°C, and the area of the walls (Syaus) is 54.4 m?. Therefore,
the heat losses through the walls (Quse) can be calculated as follows:

Qlose = AwallsswallsAT/dwalls (1)

In this case, Quse = 180 W. In turn, the heat loads during drying can be determined depending on various
factors, such as the moisture content of the material and the heat consumption for evaporation of a unit of water. On
average, these values for a drying chamber of a given size are in the range of 200 to 400 W per heater. It is worth
noting that in this study, the optimal values of heat loads will be selected taking into account the temperature difference
of materials in different places of the stack [9]. Thus, the total heat demand should be in the range of 380 - 580 W, or
400 - 600 W can be taken for convenience.

To determine the distributed thermal resistance between the selected surfaces [10], it is necessary to divide
the wall thickness by the thermal conductivity of the material multiplied by the surface area where heat transfer occurs.
In this case, heat transfer will occur through the ceiling, which is 0.15 m in thickness, with an area of 6.76 m? (with a
central aisle width of 1 m) and a thermal conductivity coefficient of 0.05 W/(m°C). Therefore, if we substitute these
values, we can obtain the following thermal resistance: 0.45 (m2°C)/W.

It is also worth noting that the convection value for heat transfer to the external environment [11] can be
calculated using the general heat transfer equation, which involves dividing the total heat output by the product of the
heat transfer surface area and the temperature difference. If we assume that the initial temperature difference is not
significant and is about 1 °C, then convection will be approximately 80 W/(m2°C).

After setting the input parameters, it is necessary to create a tetrahedral mesh for calculations. This is an
important step because a good mesh ensures accurate results. SolidWorks Simulation automatically creates a
tetrahedral mesh, but if necessary, it is possible to manually configure the mesh parameters. To save resources, some
components of the 3D model of the drying chamber were extinguished. In this case, only the heaters, the stack, and
the ceiling between them were retained. In this case, it was necessary to apply Control Mesh technology. This
technology will allow us to build a mesh in hard-to-reach places of the 3D model of the heaters, especially at the pipe
connections. In addition, it will increase the accuracy of the results by creating additional tetrahedral elements. This
is especially important for areas with rounded elements, where it is necessary to further increase the mesh density to
obtain accurate results [12].

After setting up the study parameters and creating a tetrahedral mesh, the study is run. SolidWorks Simulation
calculates the thermal processes in the drying chamber and provides results that include the temperature distribution
in the stack. One of the key results of the experiment is also the heat flow along the stack (see Fig. 2). This information
allows us to assess the efficiency of heat transfer and the uniformity of heating of materials in the drying chamber.
The results show that the top row of the stack has the highest heat flux, with a value of 94.41 W/m?. It is worth noting
that five studies were conducted with different widths of the central passage of the raised ceiling.

Another very important step in the analysis is to measure the temperature at different points in the stack using the
tool Prob. This allows us to determine the temperature difference in different parts of the stack and assess its impact on the
quality of drying materials. It is worth noting that it is best to take these values in the middle of the stack but in different
rows (see Fig. 3). It is also possible to consider the temperature distribution across the stack (see Fig. 4) at its top.

416 Herald of Khmelnytskyi national university, Issue 2, 2024 (333)



TexHIvHI HaQyKU

ISSN 2307-5732

Study name:Thermal 4(-Default-)
Plot type: Thermal Thermal4

Parametric Distance

——  HFluxN (W/m"2)

Fig. 2. Heat flux in the isometric view of the stack (left) and heat flux distribution plot
along the top row of the stack at 17 nodes (right) at the first iteration (60 seconds)

Node:

¥V, Z Location: |-1.58e+003,1.35e +003,2.24e + D03 mm

Value:

Time step: 1

26426+ 001 Celsius

Value

3300
L ——
Nach 18111
ode 3200
X ¥, Z Location: |-188e+ 003,125+ 003,221+ 003 mm | |
value: 26608+ 001 Celsiuis __31.00
]
I}
= 30.00
Node: 16435 o
XY, Z Location: |-188e+ 003,1.16¢ + 003,2.21¢ +003 mm 2 2900

2.6848+ 001 Celsius

MNade:

Value:

¥ ¥, Z Location:(-1.88e+ 003,108 - 003,2.21e + 003 mm

13748

HF =R vifmn 22) 180.00
I 418.7e+001 ‘ISDDD
383,80+ 001
348.3e+ 001 140.00
314,08+ 001 g'IZDDD
279.1e+001 E
244,264 001 z 100.001
| NETESL £ 8000
174.4e+001
130624001 60.00
10472+ 001 4000
37864001 : : . .
45.9e+001 ZDDG
U 0.000 0.200 0400 0.600 0.800

1.000

Study name:Thermal 4(-Default-)
Plot type: Thermal Thermall

£
| P

Node: 5653
K, Y, Z Location:| -L86e+ 003,608,2.21e+ 003 mm

2.7008+001 Celsius Waluer 2.9590+001 Celsius

Node

Mode:
Y, Z
Value

Node: g388

Node 2787
Y, Z Location: |- L.6e+ 003,683,2.21e+ 003 mm

XY, Z Location:| -L.85e+ 003,73,2.21e+ 003 mm

3.217e+001 Celsius

11057
Location:|-186¢+003,968,2.21e+003 mm
Walue:

—+—  Temp (Celsius)

Value: 2.650e+001 Celsius

: 276164001 Celsius

Front

Hose:
XY, ZLocation|

Value:

Node:
%Y, ZLocstion

Value

Node:
X, ¥, Z Locatian:

value:

Mode:

%, Z Lacstions,

Fig. 3. The position of the 8 selected nodes located inside the stack along its height (left) and the
temperature distribution graph for these nodes (right) at the first iteration (60 seconds)
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temperature distribution graph for these nodes (right) at the first iteration (60 seconds)
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It is worth noting that all the results presented in Figures 2-4 reflect the state of the system after the first
iteration, which corresponds to a time interval of 60 seconds. However, in order to obtain a more complete
understanding of the dynamics of thermal processes, it is also important to evaluate temperature changes over time.
For this purpose, a sensor for node #20374 was created, which, according to Fig. 4, shows a temperature value of
27.43 °C. As we can see in Figure 5, after ten iterations, corresponding to 10 minutes of simulation, the temperature
value increased to 32.27 °C, which is 4.84 °C higher than in the first iteration of the simulation. Such results confirm
the correctness of the selected input parameters of the study and indicate the adequacy of the model in reproducing
thermal processes in the drying chamber over time.

Studying through research in SolidWorks Design Study

From the results of the temperature distribution and heat flux, we can conclude that the heat distribution in
the stack is irregular. Nevertheless, the temperature difference between the upper and lower rows of materials in the
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stack is sometimes 4 °C, which requires adjustments to
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weight Range with Step * Min: |500mm = Max: | 1500mm = Step: |200mm =
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Thermall0 Monitor Onby b4 Thermal 5 =
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Thermali4 Minimize v|| Thermal 5 v||

Fig. 6. Window for entering optimization parameters and entering their limits

Current Initial Optimal {1) | Scenario 2918: Scenario 2919
heatpower . l_j 400 W 200w 300 W 400 W 500 W
convection I_j 79.455000 62760000 71.128000 71.128000 71.128000
convection2 ﬂ 79.455000 62760000 71.128000 71.128000 71.128000
weight l_j S00mm 1300mm 300mm 300mm

Y S 1060 Alioy 1060 Alloy Alloy Steel

* [ @SOLIDWORK|{@SOLIDWOR (¢@SOLIDWOR | @SOLIDWORK [@S0LIDWORK

myhetares | List of Materials |LI['5 Materials KS Materialz |KS Materials |5 Ma S Materials
Thermal? Maniter Onhy 32.2502°C 259738°C |2767°C 27.8066°C 29 4266°C
Thermald Maniter Onhy 30.1393°C 25.8251°C | 2T7.4821°C 27.3169°C 23.0898"C
Thermald Maniter Onhy 23.515°C 25.909°C 2r2nzec 27.2209°C 27 .8676°C
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Thermali4 |Minimize 25.8863°C 259427°C |26711°C 26.8501°C 26.8503°C

Fig. 7. Selection of optimal parameters for thermal study
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In summary, the program offers 3240 possible sets of study parameters. On weak computers, such
calculations can take a long time, so in this case, the calculations were performed on a computer with a 20-core INTEL
Core™ i7 14700K processor (BX8071514700K) with a base frequency of 3400 MHz. The calculations lasted about
6 hours. As a result of the calculations, the following optimal parameters were established (see Fig. 7): the power of
the heaters should be 300 W each, the convection value should be 0.0017 Cal/(sm?s°C), which is equal to 71.12
W/(m?°C), and the width of the central passage should be 1300 mm. In this case, the best material for heaters is "1060
Alloy". It is also worth noting that during the calculations, the temperature values in different places of the stack were
displayed in the view mode ("Thermal7" — "Thermall2"). The locations were selected according to the row of
materials in the stack. For example, "Thermal7" is located on the top of the stack and at the start of the optimization,
the temperature in it was 32.2502 °C. As a result of using the optimal parameters, it was found that the temperature
difference between the upper and lower rows of materials would not exceed more than 1 °C, and their values would
be 27.67 °C and 26.711 °C.

Automating the research process using the SolidWorks Simulation API

In recent years, more and more engineers and researchers have been using the SolidWorks Simulation API
to automation their research in SolidWorks Simulation. This work is no exception. To use it in this work, specialized
software has been developed that allows us to enter input data for modeling and transfer them to SolidWorks [14]. In
addition, the software makes it possible to transfer modeling results and display them in a special window. This
approach has a number of significant advantages over traditional non-automated research. Firstly, the use of software
(see Fig. 8) speeds up the research process and, secondly, simplifies the user's work. At the same time, in this case,
the user doesn't need to have skills in using the SolidWorks program, since all calculations in it will be performed
exclusively in the background and the user will only enter input parameters and get the completed result.

The developed software also makes it possible to work with the geometry of the 3D model of the drying
chamber. For this purpose, separate tabs are provided. It is worth noting that due to this program, the user can
automatically design a 3D model of the drying chamber and its components, conduct a thermal study and obtain
results. There were also attempts to use the SolidWorks Simulation API for Design Study, but they were unsuccessful.
This can be explained by the fact that the developers haven't yet provided for this possibility, as mentioned on the
official website [15]. In this regard, the optimization of the parameters of a new automated 3D model of the drying
chamber is possible only manually when opening the SolidWorks program.
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Fig.8. Window of the developed software for entering the parameters of a thermal study

Conclusions

In this study, a comprehensive analysis of the thermal processes occurring in the drying chamber was
conducted using SolidWorks Simulation thermal analysis. According to the results of the simulation, it was found that
the heat flow in the drying chamber showed an irregular distribution, with the highest value on the top row of the
stack. Such heat distribution can negatively affect the quality of drying materials and requires further optimization of
the system parameters. In this regard, the study parameters were optimized using SolidWorks Design Study, including
the power of the heaters, convection, and the width of the central passage. As a result of the optimization, the optimal
values of these parameters were set at 300 W, 71.12 W/(m2°C) and 1300 mm, accordingly.

In addition, specialized software was developed to automation input data entry, modeling, and analysis of results.
This software greatly simplifies the work with the study and allows to speed up the process of analyzing thermal processes
in the drying chamber. It is worth noting that irregular heat distribution in the drying chamber may be due to differences in
heat transfer between the upper and lower rows of materials. However, due to the optimization of the input parameters, it
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was possible to reduce this difference to an acceptable level, which confirms the effectiveness of using SolidWorks
Simulation in the development and analysis of thermal processes in drying chambers.

Overall, the obtained results demonstrate the effectiveness of modeling thermal processes in complex
systems, including drying chambers, using SolidWorks Simulation. The high level of accuracy and the ability to
automate this process makes this software a powerful tool for engineering and scientific research. In addition, it was
found that any irregular heat distribution in the drying chamber requires optimization of the input parameters of the
study to achieve more uniform heating of the materials.
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