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This case study uses Ansys Discovery™, the 3D product simulation software and Ansys Fluent®, the
fluid simulation software.

This case study introduces Ansys Fluent Software, a leading Computational Fluid Dynamics (CFD)
software, as a robust tool for modeling and analyzing the integration of solar energy into various aspects
of daily life. Leveraging advanced physical models, Ansys Fluent tool enables precise examination of
heat and mass transfer, chemical reactions, and fluid-structure interactions within solar energy systems.

Solar energy offers immense versatility with a wide range of practical applications in everyday
scenarios. We explore ten key domains where solar energy plays a crucial role, from simple to complex
implementations, including Solar Dryers, Solar Water Heaters, Solar Cookers, and more. Each application
harnesses solar energy as a renewable and eco-friendly resource, reducing reliance on fossil fuels and
combating climate change.

Through Ansys Fluent tool’s sophisticated capabilities, we delve into the intricate dynamics and
optimization potentials of these solar-powered solutions. Our aim is to enhance efficiency and
sustainability in everyday practices, contributing to a greener future.
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In this presentation, Ansys Fluent Software, a leading Computational Fluid Dynamics (CFD) software,
serves as a powerful tool for modeling and analyzing the integration of solar energy into various
aspects of daily life. By leveraging sophisticated physical models, Ansys Fluent Software enables precise
examination of diverse phenomena, including heat and mass transfer, chemical reactions, and fluid-
structure interactions within solar energy systems.

Solar energy emerges as an immensely adaptable resource with numerous practical applications in
everyday scenarios. Here, we explore ten domains where solar energy plays a pivotal role, spanning
from straightforward to intricate implementations:

e Solar Dryers

e Solar Water Heaters

e Solar Cookers

e Solar Water Pumps

e Solar Water Purification Systems

e Solar Street Lights

e Solar Chargers

e Solar Ventilation Systems

e Solar Roofs and Solar Tiles

e Solar Power Tower Plants

Each of these applications harnesses solar energy as a renewable and eco-friendly resource, reducing
reliance on fossil fuels and actively contributing to the global effort to combat climate change. Through
Ansys Fluent Software’s advanced capabilities, we delve into the intricate dynamics and optimization
potentials of these solar-powered solutions, aiming to unlock greater efficiency and sustainability in
everyday practices.

Drying is pivotal for preserving foods by moisture reduction, thereby preventing decay. Traditional
methods, which can be weather-dependent and energy-intensive, may lead to uneven drying. Solar
dryers, harnessing the sun’s free energy, represent a sustainable alternative. These devices, featuring
a heat-absorbing dark surface and a transparent cover, ensure more uniform drying while protecting
against the elements.

Computational Fluid Dynamics (CFD) using Ansys Fluent software plays a vital role in designing these
solar dryers by optimizing air circulation and temperature control for enhanced efficiency and improved
food quality preservation. This advanced technical approach is crucial for developing energy-efficient
and effective solar drying solutions.
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Figure 1 : Mixed Solar dryer

The principal challenge in the domain of Computational Fluid Dynamics (CFD) simulation of solar
dryers is rooted in the elucidation and optimization of heat and mass transfer processes within the
drying apparatus. Simulations are obligated to address the intricate interactions between the airflow,
the drying surface, and the assortment of products undergoing desiccation. Foremost hurdles include
the precise modeling of temperature gradients and humidity distributions within the dryer’s chamber,
forecasting of dehydration rates, and the reduction of drying times whilst preserving the integrity of
the product’s quality.

Further, the simulations are required to incorporate the variability of meteorological conditions and the
distinctive characteristics of the materials constituting the dryer’s structure. They must also simulate
theinfluence of the products’ geometrical configurations and placement on the drying efficiency, as well
as the system’s overall energy utilization efficiency. By surmounting these challenges, CFD simulations
can contribute significantly to the design of more efficacious solar dryers and to the enhancement of
drying operations, tailored to meet the specific demands of the end-users. This endeavor is pivotal
in devising custom solutions that mediate between energy conservation and maintaining the desired
caliber of the dried commodities, thereby advancing the viability and sustainability of solar drying
technology across diverse sectors.

The CFD (Computational Fluid Dynamics) calculation of the solar dryer is based on modeling the physical
principles governing heat and mass transfer inside the dryer. Here is a more detailed explanation with
equations:
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Heat transfer in the solar dryer primarily occurs through convection and radiation. Convection involves
the movement of heated air through the dryer, while radiation concerns the transfer of thermal energy
by solar rays and the heated surfaces of the dryer. These processes can be mathematically described
by the heat equation (1):

aT . .
pCpE+pu-l7T=kl7 T+qgs (1)

where p is the air density, Cp is the specific heat at constant pressure, T is the temperature, t is time, u
is the air velocity, k is the thermal conductivity of air, V is the gradient operator, and is the volumetric
heat source density.

Mass transfer occurs as moisture evaporates from the products to be dried and is carried by the air.
This process can be described by the moisture diffusion equation (2):

ao

STV o) = DVig+S  (2)
Where ¢ is the moisture molar fraction in the air, D is the moisture diffusion coefficient in air, and S is
the source or sink of moisture, which depends on the evaporation rate of the products.

To model air movement inside the dryer, the Navier-Stokes equations are used. These equations
describe the conservation of mass, momentum, and energy for a moving fluid. In laminar flow, the
Navier-Stokes equations take the following form (3):

du

pa+p(u-7)u=—l7'p+m72u+f (3)

where p is the air density, u is the air velocity, p is the pressure, u is the dynamic viscosity of air, and f
is the volumetric force resulting from pressure and density gradients.

By solving these coupled equations in a geometric domain (Figure 2) representing the real-scale of the
dryer prototype (Figure 3), it is possible to accurately simulate heat and mass transfer processes and
predict dryer performance, including temperatures, evaporation rates, and drying times.

To conduct this simulation, we initially generated a 3D geometry of the dryer (Figure 2) using Ansys
Discovery Software, with dimensions accessible in the associated Geometry file included with this
case study. We precisely replicated the dimensions of a prototype dryer developed in collaboration
with students (Figure 3). Subsequently, this geometrically accurate representation facilitated the
parameterization of various components of the dryer, including the glass panel, absorber, and drying
chamber. This parameterization enabled us to proceed with mesh generation. The meshing process
is essential for capturing the intricate details of each component and ensuring that the simulation
accurately replicates the physical phenomena occurring within the dryer.
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Figure 3: Real-scale of the dryer prototype

To perform the simulation within the designated domain, we partitioned it into highly refined control
volumes using the Ansys Fluent meshing tool. Despite the geometric intricacies, we achieved a mesh of
notable quality (Figure 4), characterized by an average orthogonality quality of 0.77 and a predominant
maximum orthogonality quality of 0.99. To ensure the integrity of the mesh, we conducted meticulous
testing across various element numbers. Among these, the configuration that maintained result fidelity
was identified at 1,307,544 elements, presenting a commendable balance between mesh precision and
computational efficiency. This rigorous mesh evaluation process ensures the reliability and accuracy of
the subsequent simulation results.
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Figure 4: Mesh generated for the dryer

After activating the energy equation in the model, we carefully selected the Rosseland radiation model
from among the radiation models available in Ansys Fluent Software (see Section 50.4.4. Radiation
Model Dialog Box in Ansys Help). Additionally, we enabled “Solar Ray Tracing” by selecting “Use
Direction Computed from Solar Calculator (Figure 5). This feature allows us to obtain the thermal

radiation flux specific to the geographical location where the simulation was conducted without the
need for external software.
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In preparation for the upcoming simulation setup, we engaged in a meticulous and detailed crafting
process, during which we precisely adjusted and fine-tuned an extensive and diverse collection of
boundary conditions. These specific conditions were judiciously selected and incorporated after
conducting an exhaustive and comprehensive analysis of the materials utilized within the framework
of the simulation. Additionally, we took into account the prevailing conditions that were rigorously
outlined and documented in the associated experimental study, by conducting the simulation using
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Figure 5: Radiation model definition

the same simulation conditions with the data from the third hour of drying.
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Figure 6: Velocity inlet
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Figure 7: Pressure Outlet

For the boundary conditions applied to the walls within our setup, we operated under the assumption

that all walls of the dryer are fixed. Consequently, these conditions were meticulously applied to the
momentum calculations of the walls.

In terms of materials, we selected glass, characterized by its semi-transparent surface properties, with
a specified thickness of 6mm. This choice enabled us to accurately define and select specific values for
both absorptivity and transmissivity, which were set at 0.05 and 0.95 respectively, ensuring that our
simulation accurately reflects the physical behavior of the system under study (Figure 8).
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Figure 8: Wall definition for glass
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We utilized copper as the material (opaque surface) with a thickness of 2mm, allowing for the setting
of absorptivity 0.9. All other walls such as those of the drying chamber, supports, etc., are considered
adiabatic and do not participate to Solar Ray Tracing (Figure 9).
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Figure 9: Wall definition for the absorber

In the course of our investigation, we executed the simulation under steady-state conditions, and
convergence was successfully achieved following 630 iterations (Figure 10 and Figure 11).

Building upon this work, it is feasible to conduct the simulation under unsteady-state conditions, which
will allow for the application of the Piecewise linear model. Additionally, this approach enables the
utilization of thermal flux values derived from meteorological data corresponding to various times
throughout the day.
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Figure 10: Convergence plot for the simulation
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Figure 11: Scaled residuals

After conducting a comprehensive optimization study on the physical and optical parameters of the
glass and absorber, it was determined that the optimal thicknesses are respectively 6 mm for the glass
and 2 mm for the absorber. Following this analysis, we performed various simulations by altering the
air velocities at the dryer inlet. It was observed that a velocity of 1.4 m/s is ideal for achieving efficient
air distribution within the drying cabin (Figure 12). At this velocity, the air blade in the absorber has
sufficient time to effectively warm up through convection, thanks to the thermal capture plate.

Figure 12: Evolution of Velocity Magnitude

This optimization of velocity and physical parameters of the dryer ensures a uniform and optimal
temperature distribution, reaching 52°C within the drying chamber (Figure 13). This outcome is in
perfect correlation with the data derived from the experimental study.
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Figure 13: Evolution of Temperature

By precisely setting the geographic area where the simulation was conducted and correctly adjusting
the dryer’s orientation with a 15° tilt angle for the absorptive surface, we successfully replicated the

experimental conditions (Figure 17). This configuration enabled us to achieve a maximum solar heat
flux of 993.39, observed on the surface of the absorber (Figure 14).
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Figure 14: Solar heat flux distribution

To gain a deeper insight into the temperature dynamics within the dryer, we meticulously established
points that mirror the exact positions of the temperature probes, as specified in the experimental
setup. These points were strategically positioned at the entrance, middle, and exit zones of both the
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absorber (Figure 15) and the drying cabin (Figure 16). The temperature profiles derived from these
points accurately depict the temperature variations within the dryer. As the air progresses through
the absorber, a noticeable reduction in temperature fluctuations is observed. This stabilization
in temperature variations can largely be attributed to the establishment of a uniform and stable
flow regime, which effectively moderates and equalizes the temperatures throughout the internal
environment of the dryer.
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Figure 15: Temperature evolution inside absorber
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Figure 16: Temperature evolution inside the drying cabin
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Figure 17: Temperature evolution from experimentation

This case study, which represents a simple numerical analysis of a vacuum solar dryer, yielded promising
and satisfactory results. These findings pave the way for multiple avenues of research to be explored
in the future. For instance, a deeper investigation into the dynamics of unsteady-state flow could be
pursued, leveraging further functionalities available in Ansys Fluent software, such as the utilization of
the Piecewise linear model. Incorporating this model would enable us to simulate variations in thermal
radiation flux throughout the day, marking a significant advancement in solar drying process modeling.
Moreover, we intend to broaden our scope by simulating the dryer loaded with food products to be
dried, such as mango slices. This approach will allow us to delve deeper into our understanding of the
drying process, considering the complex interactions between the heating fluid and the materials being
dried. For example, we could explore phenomena like conjugate fluid-structure heat exchange, which
are pivotal for realistic modeling of food drying in a solar environment. By combining these technical
advancements with a thorough analysis of the dryer’s performance under real-world conditions, we
can gather valuable insights for future optimization of this solar drying system.
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