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Abstract. The operation of solar dryers is based on the conversion of solar radiation into thermal energy using air
collectors. To stabilize the technological process in conditions of low insolation, the structures are equipped with
heat accumulators and heat pump units. This allows for energy independence and preserves the biological value
of the raw materials. A new helium dryer design with a sealed and insulated body and a flat absorber has been
developed, which can be used as an additional heating element of a low-temperature heat source. Generalizing
dependences for determination of heat efficiency of the helio-dryer, in particular the influence of components of
heat balance of the installation and level of insolation on temperature difference of flows of heat carrier in the
collector and heat productivity are determined. In the SolidWorks CAD environment, a solid-state design model
of the helio-dryer was created, and a computer simulation of its operation was performed. Using CFD analysis in
SolidWorks Flow Simulation, the process of heating the absorber plate under the influence of solar radiation was
simulated and temperature distribution diagrams were obtained, the heat transfer coefficient, temperature and air
flow velocity were determined, and heat flow patterns in the working area of the solar dryer were visualized. The
distribution of the temperature field along the absorption panel was obtained, which made it possible to improve
the mathematical model of the heat exchange process in the developed installation.
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Introduction

The air solar collector of the helio-dryer is a heat-receiving module consisting of a transparent
coating, an absorber, an air channel, thermal insulation and a hermetic housing. It is designed to convert
solar radiation into thermal energy and then transmit it to the air flow. The structural diagram of the air
solar collector of the solar dryer is shown in Fig. 1.
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Fig. 1. Structural and technological scheme of the helio dryer with a thermal accumulator and
flat mirror concentrator (a) and a general view of the experimental installation (b): 1 — input
channel; 2 — coolant moisture dryer; 3 — air duct; 4 — air manifold; 5 — heat accumulating material
(TAM); 6 — drying chamber; 7 — exhaust duct; 8 — sieve; 9 — flat mirror concentrator; 10 — flap [1]

Solar radiation passes through a transparent coating, heats the absorber (up to 60-90 °C), after which
heat is transferred to the air in the channel by convective heat exchange The efficiency of the collector
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is 40-70%, and the temperature of the outlet air usually exceeds the ambient temperature by 20-40 °C
under conditions of natural or forced convection. Determination and justification of the thermal
parameters of the air heliocollector is an important stage in the design of effective solar heating and air
heating systems. Rational selection of the characteristics of the collector allows increasing its thermal
output and ensuring stable operation in various climatic conditions [1-10].

Materials and methods

The main indicators of the operation of the solar collector are the useful heat productivity [2-4] per
unit area g, [5] and efficiency, which is determined by the efficiency factor quantitatively # [6]. They
are described by the classical equations of the energy balance:

4, =Fy-(n,-E-U,-(t,~1,)), (1)
n="Fy-(n-U,((t. —1.)/E)); )

where F, :(Gm-cp /UL)-(l—e_F"UL/(GM‘C”) ) — heat removal coefficient (flow rate) of the solar

collector [7; 8];

G,, — mass flow rate of coolant;

¢p — specific heat of the coolant [9];

U, — coefficient of heat loss environment for the collector;

F — efficiency coefficient of the collector’s absorbing surface;
t. — coolant temperature;

t, —ambient temperature;

E — incoming solar radiation of the receiving surface;

no — optical efficiency of the air collector.

The temperature of the panel increases along the flow at the flow air manifolds. The efficiency
factor of the slot collector is determined as the ratio of the useful heat flow to the total, taking into
account the heat loss:

F'=q,/(4, +4.)- ©)

where ¢, —useful specific (per unit area) heat productivity of the collector;
gm» — useful specific (per unit area) heat productivity of the coolant in the heliodryer.

The efficiency factor of the air collector depends on the flow rate of the coolant and the purpose of
the system: at a high flow rate, it approaches one, providing optimal heat productivity, and for dryers
the emphasis is placed on increasing the temperature of the outlet stream due to the regulation of the
collector mode [1; 10].

The efficiency of the air collector as part of the dryer is estimated by the heat productivity and
output flow temperature, which functionally depend on the kinetic and thermophysical parameters of
the input values and the system of heat balance equations on the key elements of the structure; for heat
transfer analysis, the CFD (Computational Fluid Dynamics) method is used in SolidWorks, namely as
follows.

e The thermal balance of the glass coating takes into account the three inputs (solar radiation o, £,
panel radiation o,¢°(7, — T¢) and convection o.e (7, — T¢) and two outflows (convection with
wind V,, (0w, =5.7 + 3.8V,,) and radiation losses); when neglecting absorption in glass, its
equation is simplified:

ocg-E+(0LCpg +ocrpg)-(Tp—Tg):(ocw+arga)-(Tg—7;). 4)

where 7T, — air collector panel (absorber) temperature;
T, — temperature of the transparent glass cover of the air collector.
e Heat balance of the absorption panel £ takes into account one input stream of solar energy
E-no and four output (convection o.e (7, — T,) and radiation to glass o, (7, — T,) and coolant
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o (T, — Ty), at that coolant temperature 7y= 0,5-(7, + T,) is taken as average between inlet and
outlet:

UO'E:(acpg+arpg)'(Tﬁ _Tg)"_acp/"(TP_T/')+arpb'(Tp_7;)’ )

where T, — absorber (panel) temperature;
T, — glass coating temperature;
Ty— average temperature of the coolant (liquid in the collector).

e Absorption panel transfers power to the coolant o, (7, — 77), most of which forms a useful heat
flow Gy cp'(Tu: — T4), a lower — of heat loss in the channel walls a.(Ty— T}3), which is described
by the corresponding balance equation:

Qs '(Tp _T/’): G,-c, '(Tp _Tg)+ac/b (T/ _7;’) (6)

where o, — heat transfer coefficient from the absorption panel to the coolant;
T, — temperature of the absorption panel;
Ty— coolant temperature in the channel;
G,, — mass flow rate of coolant;
¢p — specific heat of coolant at constant pressure.

e Two heat loss flows from the panel o,,5*(7, — T5) and from the coolant ac*(7Ty— T) are combined
into losses through the header housing, which at 7, = T, are estimated as (41/0)(T» — T,), and
the balance on the inner wall of the coolant channel is reduced to the corresponding equation:

arpb'(Tp_7;7)+a¢/b'(Tf'_Tb):(x’/S)'(Tb_Ta)’ ()

where A — coefficient of thermal conductivity of the wall material;
6 —body wall thickness.

Moreover,
T, =(770 -E+((xcpg +(x,pg)-Tg +o,, T, +a,, -Tf)/(acpg +0,, +0,, +occpf). (8)

All values of the composite equations depend on the input parameters of the process and can only
be determined numerically by the method of sequential approximations (iterations), and the number of
steps decreases when choosing initial values close to the initial values according to the literature [1].
Classical equations of liquid solar collectors and generalized relations for heat loss through glass are
unsuitable for air collectors due to the complex dependence of the coefficient of total heat loss U; from
the design and flow modes; therefore, to assess the heat transfer coefficients, proven specialized methods
are used without any doubt in the literature [2].

The total heat transfer coefficient to the inner surface of the glass is equal to:

O, =0, +0,,, =N, '(X/hpg)+8pg 'G'(T;jLT;)'(Tp +Tg) ) ©)

where 4 — air thermal conductivity coefficient;
N, — Nusselt criteria;
hpe — hydraulic channel height;
&y — degree of blackness (effective emissivity) characterizing the radiant heat exchange
between the absorption panel (p) and glass (g);
o —radiation heat transfer coefficient.

The methodology for calculating the thermal parameters of the air collector should be based on
numerical modeling using iterative methods, since the values are interrelated and depend on flow modes
and design features; classical formulas of liquid collectors and generalized estimates of heat loss are
unsuitable, therefore, proven specialized methods are used to accurately determine the heat transfer
coefficients. The main tool for such analysis is the CFD (Computational Fluid Dynamics) method in
SolidWorks, which allows to simulate and study thermal processes, hydro- and gas dynamics of flows
in an integrated 3D CAD environment.
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Results and discussion

The main method for performing heat transfer analysis by means of computer modeling is the CFD
(Computational Fluid Dynamics) method in SolidWorks — a numerical method for modeling and
analyzing liquid and gas flows, which is implemented in the SolidWorks Flow Simulation module. This
tool is integrated directly into the 3D CAD SolidWorks environment and allows the engineer to conduct
a detailed analysis of hydro- and gas-dynamics, thermal processes and the interaction of flows with
solids. SolidWorks and SolidWorks Flow Simulation CFD software provide a complete engineering
environment for heat transfer assessment, combining all phases of analysis in one package: from solid-
state product modeling to setting heat transfer tasks, solving them, visualizing the results, optimizing
the project and reporting. With SolidWorks Flow Simulation, you can focus on a detailed analysis of
the temperature distribution in the liquid and solid parts of your product. This includes the ability to
analyze complex physical processes such as thermal conductivity, heat convection, conjugate heat
transfer between liquids and gases surrounding solid materials, radiation, heating, etc., using what-if
scenarios, and then the engineer can quickly modify and optimize the design geometry in a 3D CAD
tool. SolidWorks Flow Simulation works with all three heat transfer modes — thermal conductivity,
convection and radiation, so it can analyze a wide range of applications. The starting point of any heat
transfer analysis is to determine the general boundary conditions of the problem.

It is important to construct a computational grid, or cell, to display the complex geometry of the
system during heat transfer analysis. SolidWorks Flow Simulation provides extensive visualization of
what is happening with the heat dissipation of the structure, providing the engineer with valuable
information that can help make design decisions. Visualization capabilities allow to more thoroughly
explore the design. One way to study the temperature field is to use a section diagram that depicts the
distribution of heat on a plane. The result chart can be displayed with any result parameter, and the view
can be created as a contour chart, isolines, or vectors. In addition to sections, you can easily display a
surface graph for any particular face, as well as automatically for the entire model.

Solving heat distribution problems is an iterative process. The software also assists in parametric
analysis, for example, performing analysis repeatedly, for example, with different vent sizes to
determine the optimal heat distribution design. Thus, SolidWorks Flow Simulation accelerates the
iterative design process, allowing the engineer to quickly and easily implement the knowledge gained
from the analysis into an improved project. SolidWorks Flow Simulation identifies hot spots, quantifies
thermal efficiency, and ensures uniform heat distribution for heat transfer devices. In addition,
SolidWorks Flow Simulation works simultaneously with the product development process and without
the hassle of “dirty geometry” and grid generation using traditional CFD tools.

A solid three-dimensional calculation model of the air collector was created at the first stage of the
research in the environment of the CAD module of the SolidWorks automated design system (Fig. 2).
The design model consists of a wooden frame, glass walls and an absorbent element, which is a copper
plate measuring 1000x2000x1 mm. The fan installation hole is provided for forced air extraction from
the collector in its upper part. A number of holes are made for air inflow into the absorbing part of the
structure in the lower end part of the collector.

Fig. 2. Design model of the air collector
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The process of studying the air collector consisted of two stages. Heating of the absorbing element
(copper plate) was carried out at the first stage of process modeling. The second stage of modeling was
based on the results of the first stage and consisted in the study of thermal processes in the reservoir
space and visualization of the results obtained.

The type of analysis specified during the first stage of the absorber heating simulation is the external
problem Flow Simulation, the ambient temperature, latitude — 50°00°, date — July 30, time — 1:18 p.m.
are set in the study project as an input parameter (Fig. 3).

The collector grid model has been created. The study area is large enough to avoid the influence of
boundary conditions on the results (Fig. 4).

The absorber material properties required for the calculation were imported from the plate model
of the SolidWorks CAD module. The average value of the heat transfer coefficient and the average value
of the plate surface temperature were selected as research objectives.
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Fig. 3. Setting the input modeling parameters Fig. 4. Grid model and study area

The average value of the heat transfer coefficient, which is 4.45 W-(m?-K™"), was established
according to the results of the study (Fig. 5). The temperature distribution pattern over the surface of the
absorbent plate was constructed (Fig. 6). The average surface temperature of the plate is 106.2 °C.

The second stage of the research in SolidWorks Flow Simulation provided for the solution of an
internal problem, the input parameters of which were the absorber temperature (106.2 °C), as well as the
boundary conditions at the inlet and outlet of the collector. Setting up the CFD analysis consisted in
setting the parameters of the study, namely: working environment — air; ambient temperature — + 37°C;
acceleration of free fall (along the axis ¥) —9.81 m-s?; ambient pressure — 101325 Pa.

The size of the study area corresponds to the dimensions of the reservoir. Boundary conditions of
the study (Fig. 5): mass flow rate of air at the fan outlet — 0.0588 kg's™'; pressure of the medium at the
inlet holes of the collector model — 101325 Pa; ambient working temperature — +37 °C; heat source —
copper plate, temperature — +106.2 °C.

The level of detail of the grid model is set — 4 with a gap size of 0.026 m, which ensures sufficient
accuracy of the results for a relatively short duration of the modeling process.
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Fig.5. Heat transfer coefficient distribution pattern on absorber surface

1060



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 27.-29.05.2026.

110.05
108.80
107.55
106.30
102.05
103.79
102.94
101.29
100.04
98.79

Temperature (Solid) [°C]

Surface Plot 1: cantours

Fig. 6. Temperature distribution pattern on absorber surface

The second stage of the research in SolidWorks Flow Simulation provided for the solution of an
internal problem, the input parameters of which were the absorber temperature (106.2 °C), as well as the
boundary conditions at the inlet and outlet of the collector. At the inlet — air temperature and ambient
pressure, at the outlet — the mass flow rate of air by the fan, which is 0.05886 kg's™ (Fig. 7).

0.05886 ks

Fig. 7. Setting the boundary conditions for the air collector study

The picture of the air temperature distribution in the internal space of the collector, taking into
account the heating of the absorber, the fan flow rate, the environmental parameters, as well as the design
features of the air collector, was constructed based on the results of the study (Fig. 8).

In addition, the process of air movement and air mass current lines is visualized (Fig. 9). This makes
it possible to visually assess the level of turbulence of air flows.

Temperature (Flux) (°C]

Cut Plot | contours
Flow Tragctories |

Fig. 8. Air temperature distribution pattern Fig. 9. Visualization of the movement of air
masses
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Consequently, the CFD method in SolidWorks Flow Simulation provides an efficient and integrated
technique for numerical simulation of heat transfer, allowing the analysis of thermal conductivity,
convection and radiation in complex structures simultaneously. This software environment combines
modeling, setting boundary conditions, iterative solution, visualization of results and optimization of the
project, which significantly speeds up the development process, allows to identify hot spots, evaluate
the efficiency of heat transfer and make informed engineering decisions.

Conclusions

The method of calculating the thermal parameters of the air collector is effectively implemented
through numerical modeling using iterative methods. All quantities are interrelated and depend on flow
modes and design features. Classical formulas of collectors and generalized estimates of heat loss for
air systems of solar dryers complicate the calculation methodology, therefore, specialized techniques
are used to determine heat transfer coefficients accurately. The main tool for this analysis is CFD in the
SolidWorks environment. This allows to model thermal, hydro- and gas-dynamic processes in an
integrated 3D CAD environment. The results of the CFD analysis in SolidWorks Flow Simulation are
in good agreement with the analytical data and complement them, while providing the opportunity to
take into account various thermophysical parameters of the environment, namely, to change the
conditions of air movement, the design of the collector and the fan flow rate, which provides an objective
assessment of the efficiency of the collector and coolant.

The results obtained by CFD analysis in the SolidWorks Flow Simulation environment correspond
to the results obtained by the analytical method and complement them. The advantage of using computer
modeling of thermal processes in an air collector using SolidWorks Flow Simulation is the ability to set
the values of various thermophysical parameters of the environment, regardless of the time of year, time
and place of the computer experiment.

The next stage of work involves conducting full-scale tests of the air collector. This will allow
checking the accuracy of numerical modeling and assessing the correspondence of the obtained
theoretical results to real operating conditions. Such experiments will provide an opportunity to compare
the predicted parameters of heat productivity and efficiency with actual indicators, determine the
influence of external factors (ambient temperature, air flow rate) on the operation of the system, as well
as clarify the design and operational recommendations for optimizing the operation of the collector in
different modes.
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