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Abstract. Solar distillation collectors are the device that runs on
freshwater products. The solar still is one solar thermal technology for
purification of water. This technique is employed to convert saline water
into freshwater. At this time, the human being increased freshwater
required consumption because of the increasing population density. The
thermal analysis of a new design of cylindrical solar still (CSS) with
hemispherical cover has been studied. A computer simulation model was
improved to investigate its performance. The 2D symmetry simulation
models of cylindrical solar still have been validated. The simulation model
can emulate the temperature value of different points inside the CSS. The
simulation results confirm an acceptable agreement with the experimental
result was reported in the literature. From this simulation, it was noted that
the freshwater product from the cylindrical solar still obtains the maximum
daily productivity of 6.1 kg/m* as compared to a traditional single slope
solar still SSS as 3.18 kg/m’ during the day.

1 Introduction

Renewable energy, especially solar energy, can be used to desalinate the saltwater by
found the heat energy needed to carry out the evaporating and condensing process (phase
change processes). There are two types of solar desalination processes, direct and indirect
processes. In the first type of solar desalination processes (direct), the solar irradiance is
received by the collector and converted into thermal energy to evaporate the saltwater.
Whereas the second type (indirect system) used the dual separate systems, it combines solar
collectors with conventional desalination systems. The lack of drinking water has long been
linked with people who live in remote areas. Many people in rural areas of the world spend
a large portion of their day getting the freshwater. The freshwater production process that
consumes a lot of energy therefore, attempts have been done to improve the solar radiation
for operating desalination process by various solar systems [1]. For the time being, various
techniques are used to generate drinkable water from polluted water. There are a lot of
previous studies of enhancing the desalination proses. Abu-Hijleh and Rababah [2]
proposed new way to improve the solar desalination presses throw adding sponge cubes on
the tope of water basin surface. This method increases the production of the freshwater
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from the solar still, it achieved more than 18% compared with single slope solar still
without sponge cubes. There are many other studies in which applications of solar
distillation have been conducted on the solar still collectors [3-6]. The freshwater
production from any solar still types are increases with increase the water pressure
saturation [7]. A theoretical model of steady-state heat transfer for tubular solar still type
had been investigated by [8]. The results of FUKUHARA concluded that the suggested
model could accurately predict the fresh water output of the solar still. Effects of many
factors such as temperatures difference of glass, water vapour and water basin surface,
depth of saltwater and glass cover slop etc. on solar still productivity are showed in [9].

Providing people with safe drinking water is getting the government's attention.
Therefor many researchers have been doing to improve the productivity of solar distillation
technology [10]. Many studies have been applied to improve the efficiency of solar stills
collectors, through enhancing the solar still design [11]. The effects of the tilt angle of the
glass cover and saltwater depth in the solar still basin on the distillation performance had
been studied by [12]. The best daily freshwater productivity from the collector was with the
tilt angle of the glass equal to the value of the latitude angle of the setup place. Also, it has
been found that solar still productivity during the day decreases with higher saltwater depth.

To enhance the performance of different types of solar still, many previous researchers
has been suggested coupling of a conventional solar still collector with flat plate solar
collector [13—15]. A comprehensive review of the various types of solar desalination is
provided by [16]. They are compared two solar stills models, the tubular type and triangular
type. A unique study was done by [17] in a cylindrical solar distillation type. In this case,
discrimination is done between the basic single slope solar still with new cylindrical solar
still at the same basin area. They carried experiments to test the systems on the summer and
winter days. Their conclusions indicated a 3% increase in the thermal efficiency of the
cylindrical type. Nidal et al. [18] have presented a thermal analysis of the performance of a
cylindrical solar collector with a curved absorber tube. It was noticed an enhanced heat
absorption in the cylindrical solar collectors.

Reviews of the previous researcher show that a large number of experimental studies on
a solar still. There are not enough previews studied done on cylindrical solar stills.
Therefore, our goal of this simulation is to present a simple solar still building at a low
price and can be operated by any person in the population.

Exactly the contrary, there is little numerical study. Therefore to cover this gap with the
goal of reducing spent time and increase the accuracy of the results, a transient simulation
model was applied in this simulation work. The main objective of this article is to create a
numerical simulation model for the study of heat and mass transfer in cylindrical solar still.
Presenting the varying temperatures and freshwater product during the day depending on
real weather conditions. Also, Investigation the impacts of weather conditions and design to
enhance the efficiency of cylindrical solar still.

2 Description of solar system

In order to investigate the performance of the TSS, a two-dimensional symmetry
simulation model is improved using COMSOL multiphysics 5.4. Fig. 1 shows the
suggested cylindrical solar still (CSS) system consists of transparent glass in a cylinder
shape with 30 cm length, 15 cm diameter and has 0.4cm thickness. A coper trough with
dimensions 13 x 2 x 0.8 cm was employed as a water basin to keep the saltwater. All sides
of the trough are coated with an anti-corrosion paint, as well as it's coated with black paint
to increase its absorptivity. To maintain a constant level of saltwater in the trough during
day, a feed water tank is preparing for CSS. The model in all its dimensions was used in the
previous experimental study by [17].
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Fig.1. Schematic diagram of cylindrical solar still

3 CFD COMSOL Modeling

3.1. Create the geometry of CSS

Cylindrical solar still (CSS) is an uncomplicated solar desalination project, as it is
employed to convert saline water to fresh water. The improved CSS used for the existing
study consists of a transparent cover shaped of vertical tubular with hemispherical and a
black water basin. A 2D symmetry geometry is applied for simulations in the current work.
The geometry of the cylindrical solar still (CSS) has been modelled by COMSOL
Metaphysics as CFD simulation software program. The two dimensions symmetry geometry
of cylindrical solar still illustrates in figure 2. The geometric model of the cylindrical solar
still consists of a hemispherical cover on the upper sided, a transparent cylindrical case on
the front side and a black rectangular water basin containing salt water.

The solar radiation incident on the cylindrical cover surface, part of its path through it,
and other parts are reflected to the sky. The basin is worked to absorb the solar irradiance,
and the temperature will start to increase. The absorbed heat energy is transferred to the
saltwater to increase its temperature. From the surface of saltwater there are three kinds of
heat transfers processes which are radiative heat transfer (Q. 4), convective heat transfer
(Qcw ¢ and evaporative heat transfer (Q.. ,) (see figure 2). The saturator vapour is
accumulated up the water surface. Which begins to condense on the inner side of the
cylinder cover after losing its latent heat. The drops of freshwater are falling below by
gravity and it is accumulated in a freshwater tank. The number of drops of freshwater is
increasing as the temperature differences between the saltwater temperature and the
cylinder surface temperature increase. There are two types of heat transfers from cylinder
cover to ambient, which is convective (Q., ») and radiation (Q,, ,) as losses. Other type of
heat losses from the basin by convection to ambient (Qy, ,).
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Fig. 2. The cross-sectional view of cylindrical solar still displaying different losses and gain
heat
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3.2. The model mesh

The two-dimension CSS Geometry (2D), properties and functions were defined in
COMSOL Multi-Physics. Also the CSS grid has been created by COMSOL Multi-Physics.
Given the difficult computational domain and the many intersections surface, the CSS is
separated into different parts, which are divided by the mesh, and a system is applied to
combine the meshes between all parts. To achieve accurate simulation results, the fine
element size for the grid has been used. The 2D symmetry simulation model of cylindrical
solar still with a grid is presented in figure 3. The geometry mesh was built from lots of
small mesh elements. Which consists of 1500000 elements. The mesh independence test
was performed to test the grid size of the simulation model. The mass transfer and heat
energy were analysed in this simulation.
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Fig. 3. Grid created at the CSS with different numbers of elements
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3.3. Main governing equations

The mixture of air and vapour movement inside the cylindrical solar stills is decided to
be a laminar flow moving according to the buoyancy force. The fluid in any state must be
appropriate with the scent law of thermodynamics (conservation of mass) [19].

3.3.1 Continuity equation
Z—fw.(pﬁ):o (1)

Where U and p are the velocity vector and density, respectively.

3.3.2 Momentum equation

Convection heat transfer increase in the CSS as the temperature difference between the
saltwater surface and the hemispherical cover surface. The momentum equation for two
cases is expressed below:

For gas (mixture of air-water vapour)

a = _-_ — - -

a—t(pU)W-(pUU) =-V.(p)+V.(z,)+pg )
For liquide (water)

a = e —_ - -

5(P0)+V‘(PUU) =-V.(p)+V.(r,)+pg 3)

where: 7, shear stress effective, [ thermal expansion coefficient (water)

3.3.3 Energy equations

The temperatures variation is achieved by solving the following energy equation in
various parts of the CSS is expressed:

0 = = 5 = — - 7
E(pE)jLV.(U(pE +P)=V.(4, VT —Z, hy J)+S,+S, 4
For liquide (water)
0 -
5(,0E)+V.(u(pE +p)=V.(AVT)+S§, +S, 5)
For solid (glass)
0
— (PE)=V.AVT)+5, +S, ©)

Where: h, ;and J;are the diffusive flux and sensible enthalpy, ﬂ’ejf

conductivity effective, .S, is the latent heat of evaporation and .S, is the absorbed radiant

thermal

energy.
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3.4 The boundary and initial conditions

There are three physicals used in this simulation: heat transfer in solids, heat transfer in
fluid and condensation physics. The solar irradiation is passing through the upper
hemispherical cover. Then the transmissivities irradiance falls on the water surface, and
absorbed by the water basin.

The governing equations for each of these elements are solved to simulate the system
performance. The above governing equations were solved in accordance with expressions
and assumptions that have been implemented for this simulation study:

1. The boundary symmetry conditions have been used in the current simulation model

of CSS as given in figure 3.

2. Neglected any source for the thermal energy generation inside the solar still.

3. The considered the heat transfer from the top boundary were convection and

radiation to the surrounding.

4. Forced heat transfer by convection from the still surface to the ambient was

neglected.

5. The influence that the condensed water film has on the solar radiation that enters

the collector have been neglected.

6. At the time of sunrise and sunset, the solar still trough was received the solar

radiation through the cylinder wall.

7. The system leakages don't occur.

8. The estimated is no slip for all the walls of the cylindrical solar still

The initial temperature of the surrounding and inside the CSS are estimated to be 25 °C
and 30 °C respectively. Additionally, the velocity was estimated equal to 0 m/sec in all
initial states. The input data of weather conditions (solar radiation, wind speed and ambient
temperature) are used according to the previous experimental work [17]. Fig. 3 presents the
variation of solar irradiance and ambient temperature during the day for the CSS.

3.5 The model validation

The numerical simulations are performed in the cylindrical solar still. COMSOL
multiphysics techniques are utilised to guess the amount of freshwater productivity and
temperature distribution of different parts CSS. With the purpose of validating the
simulation model, the same weather conditions among the present simulation and the
previous experimental work have been implemented [17]. The productivity comparison is
presented in fig. 4. It can be observed that the simulation results are very good to agreement
with the experimental results. The formula of mean bass error (MBE) is used to show the
simulation accuracy as follows:

1 n
MBE 222(131 JSimu _Pz’,exp) (7)
i=l
where: P, and Pi’exp are the simulation and experimental productivity,

respectively, while 7 referring to the total number of values.
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Fig. 4. Comparison of freshwater productivity between the simulation and experimental
results

4. Results of the simulation

The CFD numerical simulations were performed by the COMSOL multiphysics
program. The solar irradiance and surrounding air temperatures were measured during the
experimental test (on Najaf- Iraq, latitude 32°02', longitude 44°20") have been plotted in
figure 5. The meteorological data of weather have been selected based on the experimental
test, and different five weather conditions days were used in the simulation (see figure 5). It
presents the variations in ambient temperatures and solar irradiance during the day. This
figure shows an hourly variation of solar irradiance and ambient air temperature for
different days (22-5-2019, 3-10-2019, 30-12-2019, 18-2-2020 and 16-6-2020).

At the start of all days, the amount of solar irradiance was limited. After that, it's
increasing to be the maximum value in the middle of the day, and then these values are
returning to decrease. The air surrounding temperature (ambient) was the maximum value
on 16-6-2020 compared with other days.
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Fig. 5. Variation of the intensity of solar irradiance and ambient temperature during the
day.
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In this investigation, the CSS designed was simulated to show the influence of this new
designed on the freshwater productivity. The contours of variation temperature on the front
side of the CSS during the different hours of the day has been illustrated in figure 6. It
shows the difference in temperature between on the cover saltwater surface. When this is
increased, the productivity of freshwater will increase. Nevertheless, the difference in
temperatures decreases about 15 °C at the time of 12 PM and 6 AM, which leads to
decrease freshwater protect during the night.
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Fig. 6. Variation of the temperature contours of the CSS during a day at (a) 9AM (b)
12PM (c) 15PM (d) 18PM.

The contour of the various pressure on the symmetry cylindrical solar still is displayed
in Fig. 7A. The non-uniform pressure distribution was seen for the inside of the symmetry
plan CSS. The result showed there is an increase in vapour pressure in the upstream flow
direction. A side view of velocity contours in running water vapour and air inside the CSS
is shown in figure 7B. In the CSS there are no restrictions, so the evaporated water is
moving up to stick to the cold glass surface and then dropped to exits out of the CSS.
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Fig. 7. (A) The static pressure contours for the optimized CSS model, (B) The vapour
velocity contours inside the CSS model.
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New simulation model for a conventional single slope solar (SSS) still have been
developed to Ocomparison with CSS. It is observed that the solar radiation incident during
the day on the glass cover of SSS is less than it on the CSS. Due to geometry of solar still,
it allows receiving the solar radiation at the front side of the SSS, while the CSS receives
the solar radiation in all direction. The comparison results are illustrated in Figure 8. It
shows that the fresh water product from of the present model CSS with hemispherical was
higher than it in SSS.
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Fig. 8. Comparison of the hourly production for single slope solar still and cylindrical
solar still.

5. Conclusion

Cylindrical solar still was successfully designed by using COMSOL multiphysics and
the simulations were performed. The 2D with 2 phase simulation model was built. The
simulation model was implemented for the water vapor mixture. The incident solar
radiation was waking to vaporize the saltwater and the CSS was ready to display condensed
water vapor accumulates on the inside glass surface. Also, this new design allows visible
freshwater drops that drop down to the fresh water tank. Proposed new geometry of the
cylindrical solar still in this study acceptable fresh water yield in compare with
conventional single slope solar still. The daily fresh ware product was maximum with CSS
and found as 6.1 kg/m’ while from the traditional SSS is found as 3.18 kg/m’. The
maximum deviations between previous experimental and the present simulation results are
found as 0.15.
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