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Abstract The scarcity of fresh water and the challenges
associated with saltwater desalination have highlighted
the importance of solar desalination systems for fresh
water production, attracting the interest of various
industries and researchers. Despite the global production
of approximately 22 million cubic meters of fresh water
daily, less than 1% is generated using solar energy.
Conventional methods, such as desalination and reverse
0smosis, are energy-intensive and heavily reliant on fossil
fuels. In contrast, solar desalination offers a cost-effective
and sustainable alternative that reduces dependency on
fossil fuels while conserving energy resources. This study
numerically evaluates the absorber plate of a single-slope
solar desalination system across eleven distinct
geometries under identical conditions. The objective is to
identify the optimal design for the absorber plate in solar
desalination systems. Results indicate that geometry (C)
achieves the highest performance, with the absorber plate
reaching 349 Kelvin under a solar radiation intensity of
750 watts per square meter, producing the most distilled
water among the evaluated geometries. Geometry (B)
demonstrates the second-best performance.

Key Words: solar still; absorber geometry; solar energy;
convection heat transfer; radiation heat transfer

1- Introduction

The increasing reliance on fossil fuels and their
environmental impacts have drawn significant attention to
renewable energy sources such as solar power. Although
71% of the Earth's surface is covered by water, only 3% of
it is fresh, with much of this locked in glaciers or
underground reservoirs. This scarcity makes water
desalination a critical issue for human society as the
demand for fresh water continues to grow. Historically,
desalination mimics the natural processes of the
hydrological cycle. Solar energy heats seawater, causing
evaporation, which condenses at cooler altitudes to form

fresh water. However, modern desalination techniques in
industrial plants rely on fossil fuels for heating and
evaporation, contributing to environmental concerns.

Solar desalination systems replicate this natural
process but utilize solar energy to heat, evaporate, and
distill water. These systems operate based on the principles
of evaporation and condensation. Saltwater is heated by
sunlight passing through a transparent glass surface,
causing the water to evaporate. Salt, impurities, and
microorganisms remain in the container, while the
resulting water vapor condenses on the underside of the
glass and is collected as fresh water. In developing
countries, where access to fresh water and energy
resources is limited, such solar desalination devices offer
a sustainable alternative to energy-intensive industrial
desalination methods

2- Modeling and simulation

This research evaluates eleven single-slope solar
desalination models using two-dimensional, transient
numerical ~ simulations  conducted in COMSOL
Multiphysics 6.1. The numerical analysis considers
whether a steady-state or transient solution is more
appropriate, depending on the problem's conditions and the
model's characteristics. The study's primary aim is to
determine the optimal geometry for the solar absorber
plate in order to maximize fresh water production in larger-
scale applications compared to prior studies. The
geometries analyzed in this research are illustrated in
Figure 1 for clarity and comparison.
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Figure 1. Drawn geometries

In Table (1) The boundary conditions can be observed.

Table 1. Specifications of the unglazed Transpired Solar Air Heater
Collector understudy

Boundary Thermal cp Opacity
Conditions Conductivity |
[w/m.k] li/(kg- k]
1.38 703 Opagque
glass for
infrared
radiation
Solar still walls | 0.034-0.048 850 Opaque
Water 0.56-0.69 | 4150-4250 | Transparent
air 0.02-0.035 1000-1020 | Transparent

3- Discussion and results

The simulation results showed that geometry (c)
according to figure (1) has the best performance compared
to other geometries after the stability of the solution, after
that the best case is related to geometry (b) and then
geometry (e) Finally, in order (from left to right) are the
geometries (j, k, 1, h, a, f, g, d). In solar systems, especially
systems that deal with heat (need heat), the design should

be such that the temperature received from renewable
energies (solar or geothermal) reaches its highest level. In
solar desalination plants, it is clear that the more energy
the solar absorber receives, the more efficient it is. So the
absorber temperature plays a significant role in the
efficiency of a solar water softener. As a result, in this
research, the best mode belongs to the mode that absorbs
more heat, then transfers the absorbed heat more than the
rest of the designed modes. In figure (2), you can see the
temperature contour related to the states designed for the
solar absorber. Regarding the best performance of the
absorber in this research, the solution was done in the
steady state without considering the hydrodynamic state of
the problem. In this figure, it is clear that mode (c) absorbs
and emits the most heat. In this mode, the temperature of
the absorber reaches 349 K and the mass flow rate reaches
6.5 kg/h.
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Figure 2. Temperature contours
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Figure 3. The heat transfer coefficient of displacement insi
evaporative exergy, transferred from water

In Figure (3), you can see the diagram related to the
temperature of the absorber and the displacement heat
transfer coefficient inside the desalination chamber and the
hourly efficiency and evaporative exergy transferred from
the water to the glass cover for each of the eleven designed
states.

de the desalination chamber and the hourly efficiency and
to the glass cover for the drawn geometries.

In figure (4), the graph of temperature changes from
the water surface to the glass surface is presented exactly
in the middle part of the geometry, it is noteworthy that
due to evaporation, the temperature of the glass is lower
than other points. Figure (5) is similar to Figure (4) with
this difference, the changes in density can be seen clearly,
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and this diagram is completely the opposite of the diagram
in Figure (4). In figure (6), the speed changes in the vertical
direction can be seen.
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Figure 4. Graph of temperature changes from water surface
to glass
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Figure5. Graph of density changes from water surface to glass
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4- Conclusion
In this research, a single-slope solar desalination plant was
numerically evaluated under steady-state and calm
hydrodynamic conditions across eleven geometries with
identical parameters. The purpose of this research was to
identify the optimal geometry for designing the absorber
surface of the solar desalination system, as the absorber
surface is one of the most important factors in designing
and enhancing the efficiency of desalination systems,
ensuring optimal absorption of solar energy by the
absorber surface.
As observed, geometry (C) demonstrates the best
performance under stable conditions. This is due to the
presence of multiple vanes in the absorber, which enhance
energy absorption. Consequently, when exposed to 750
W/m2 radiation, the absorber's temperature reaches 349 K.
This increase in temperature leads to higher evaporation
rates and efficiency, resulting in a mass flow rate of 6.5
kg/h.
Following geometry (C), geometry (B) shows the second-
best performance, with an absorber temperature of 343 K
and a mass flow rate of 4.25 kg/h. Geometry (E) ranks
third, achieving an absorber temperature of 341 K and a
mass flow rate of 3.75 kg/h. Lastly, geometry (D) has an
absorber temperature of 331 K and a mass flow rate of 1.5
kg/h.

Therefore, model (C) is recommended for design
purposes. However, if cost reduction is a priority, the
simpler model (B) can be utilized effectively.
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