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Abstract

Single slope solar still is one of the most popular water purifiers. This paper investigated heat transfer
processes that occur inside the solar still numerically and experimentally In addition, attempts to improve
productivity have been studied. Comsol Multiphysics software (v5.5) was used to develop a 3D
mathematical model to examine the considered developments. Four different heating tank designs (sphere,
half sphere, con, and rectangular) were compared as an optimization step. The studies have also considered
the volume of the tank to choose to best one among the proposed volumes. The experimental study included
the manufacturing of a water heating tank and its integration with a solar still. An improvement of (35%)
was obtained when designing a halfsphere tank with a volume of 2.5 times that of a conventional solar still
(CSS).
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Introduction

Water is an essential element for all living creatures on the earth. Over time, fears of water scarcity have
emerged due to population growth as well as various economic and human activities. The United Nations
has published that 50% of the Earth's population may suffer from water shortage by 2030 [1]. Global efforts
were directed to enhance the water conservation awareness of the communities [2], Several researchers
focus on eliminating these fears through developing new purification devices or enhancing existing
systems. Also, fossil fuel diminishing fears rising huge awareness and interest in reliable environmentally
friendly sources [3], [4]. One of the environmentally friendly purification devices is a solar desalination
system. Therefore, studies are currently directed to improving the productivity of the solar distillation
device because it is a distillation device that does not consume energy and is economically suitable.

Deniz 2016 utilized a flat plate solar collector to pre-heat the water entering the solar still and got a 48%
improvement in productivity [5]. A heat exchanger was used to heat the water and it was combined with
the solar still [6]. Also, a fan was used to improve the performance of the solar still. An improvement
percentage of 5% and 10% was obtained by using the heat exchanger only and by using the heat exchanger
and the fan together, respectively. Al-Harahsheh et al. 2018 highlighted the significance of using a heat
exchanger immersed in the basin water to improve productivity as well as adopting other techniques such
as (PCM) and glass cover cooling as possible improvements [7]. The best productivity recorded was 4.3
1/m?. Kabeel et al. 2019 considered the integration of a parabolic solar dish, and two parabolic solar dishes
with a heat exchanger to elevate the daily yield of solar still in comparison to that of the conventional solar
distiller [8]. The daily yield of solar still integrated with one parabolic solar dish and two of them was
reported as 8.8 kg/m®.day and 13.63 kg/m?.day, respectively. This highlight a noticeable improvement
compared to that of conventional one which was 1.85 kg/m?.day.

Abu Arabi et al. 2020 theoretically studied the effect of water preheating by flat panel solar collectors on
the daily yield of solar still [9]. It was found that the cumulative production is 5000 ml/m?. day in the case
of preheating the water, while the cumulative production of the conventional solar still (CSS) is 2500
ml/m?/day.

In this study, a 3D model was built using Comsol Software package 5.5 to predict average water
temperatures, and daily productivity, as well as examining several preheating tank designs to determine the
optimal design. The weather condition of Al-Najaf City, Iraq was adopted in this investigation with the
location of (32°1'38.55"N / 44°19'59.22"E). The work also experimentally investigated the proposed
integration of preheating tank with the single slope solar still.

Numerical analysis

The investigated single slope solar module is designed as a box with a trapezoidal side view, the enclosure
is made of insulated Polystyrene with glass covering the top side top the still, while a matt-black painted
galvanized plate is placed at the bottom of the basin. A Side view of the single slope solar still is
demonstrated in figure 1.
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Figure 1. Energy distribution of the Single Slope Solar Still

Figure 1 also highlighted the energy distribution of the incident radiation/ energy across
various layers as it penetrates the regimes of solar still. It is important to develop a
comprehensive understanding of heat and mass through various regimes of solar still. The
glass cover is exposed to direct sunray. However, the incident rays are divided due to various
effects, where it is partially penetrating, partially reflected, and partially absorbed by the
glass cover. The penetrated radiation shows a similar reaction once interacted with the
surface of basin water. Also, the basin plate shall interact with the penetrated rays through
the water, where the rays are either absorbed by the plate or reflected into the water but there
will be no penetration of rays by nature. Part of the absorbed energy is transferred from the
galvanized plate to the enclosure by convection and hence dissipated to the outside and can
be considered as energy. While the reflected rays from the plate elevate the water
temperature and help evaporates it through free convection. As water vapor is generated, it
rises and collided with the inner surface of the glass cover. As a result of the temperature
difference between the glass surfaces vapor condensates on the inner surface of the glass.
Owing to the inclined angle of the glass cover the coordinated water shall slide towards the
lower edge where a collecting channel directs the collected water to a vessel. In addition, as
the vapor interacts with the glass cover energy losses may occur through the transfer of heat
by convection and radiation to the outside environment.
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In this case, we use the Navier-Stoke (momentum conservation), the continuity, energy conservation, and
concentration equations [10]—-[12]:

Energy Conservation Equation

oT
pCr— + pCru. VTc=V.(kVT) + Q (D
ot
Mass Conservation Equation (Continuity Equation)
dp
__+V.(pu)=0 (2) ot

Momentum Conservation Equations (The Navair Stokes equation).

p( _+uVu)=-=VP+V.(u(Vu+ (Vu)") +F 3)
ot

Concentration Equation

dc__+ Vcu = Dab(VZc) (4) ot

The hourly productivity (Ph) of pure water can be calculated as:

(—3600 x Dab) *dc
Ph= __[|water dx (5)
L ody

An\d the daily productivity (Pd) can be obtained from the following:

Pd=Y hrPh
24

Dab: is the Mass diffusivity of vapor.

dc
__: 1s the variation of vapor concentration as a function of particles’ position along the y-axis.
dy

Comsol modeling

The model was built using Comsol Multiphysics with the dimensions shown in Table 1. The created
geometry of the solar still with generated mesh is shown in figure 2. The governing equation is solved for
these nodes to predict the mathematical behavior of the solar still. However, certain assumptions must be
taken into account to determine the boundary and physical conditions governing the system. Also, such
assumption can simplify the analysis.
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Table 1. The adopted operation parameters

Parameter Value | Parameter | Value

Right height 40 cm | ab 0.9

(Hr)

Left height (HI) {9cm | aw 0.05

Basin Length 78 cm | eg 0.88

Basin width 50cm | ew 0.96

Glass thickness |4 mm | Rg 0.05

Lower plate 2mm | Ry 0.05

thickness

Water level lem | Ry 0

Insulation 5 cm kins 0.03

Thickness

Basin area 0.39 c 5.669x10-8
m>

Inclined angle Lev 2454[kJ/kg]

(Based on 391° pwater 1000[kg/m”"3

AlNajaf ’ ]

Latitude)

og 0.05

ANt
‘l‘%‘ﬁ"‘l‘.

AR

Figure. 2 Graphical representation of the developed 3D model The following

assumptions were considered in this study:

NSk L=

The created model is 3D

Heat transfer from tank and glass surfaces was radiation and convection to the adjacent boundary.
The flow within the still is anticipated to be laminar.

The impact of the condensed water film on the solar radiation which enters the still was neglected.
Air velocity within the still enclosure was negligible.

The pipe link between the Solar still and the preheating tank is insulated.

The preheating tank base is insulated.
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8. The system is not having any vapor or water leakage.
9. Condensation and evaporation rates are considered to be equal in value.
10. Water level is constant within the basin.

The weather condition of Al-Najaf city that has been considered was for the date of (1/5/2020), where
radiation, temperature, and wind speed were measured to adopt in this investigation.

Preheating tanks

In the current study, several forms of pre-heating water tank designs were investigated to determine the
optimal design. The studies considered the influence of tank design on preheating basin water and their
effect on daily productivity and glass and water temperatures. The designs considered in this study were
(sphere, half sphere, cone, and rectangle). The volume of the proposed tanks was considered to be double
the volume of the produced amount of water by the conventional solar still in one day. This volume was
reinvestigated after choosing the optimal design among the proposed tanks. The material of the tank was
considered to be aluminum for several reasons, mainly relative high thermal conductivity, low price, and
ease of forming. Figure (3) shows the studied designs for manufacturing aluminum tanks.

Half-Spherical Tank Cone Tank

Flat-plate Tank

Fig. 3 The Examined preheating tank designs
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Experimental Set-up

The fabricated solar still was made by converting an insulated Polystyrene box into a trapezoidal shape
from the side. Figure 4 shows the fabricated solar still with an inclined angle of 32.1° this is based on the
Latitude of AL-Najaf City. Two solar still were designed similarly to each other in layout but one was
conventional without any add-ons and the other integrated with a preheating tank. To prevent vapor leakage

from the top side adhesive sealant were inserted between the inclined edges and the glass cover as shown
in figure 5.

Figure Error! No text of specified

style in document. The SSSS Figure 5 Adhesive sealant rubber material

Moreover, the preheating tank was fabricated from aluminum as a half-sphere with the size of 2.5 the
volume of the amount of produced water from conventional solar still (2.5v). This is based on the
optimization process. Figure 6 provides a front view of the solar stills in action.

Modified Still CSS
Figure 6 Experimental Models

Experimental procedure

The first step of the operation is to feed water to the basin and maintain its level at 1 cm height above the
absorber plate. To maintain the water level inverted bottle mechanism was adopted where water cannot be
fed unless the water level retrieves below the feeding orifice that is located 1 cm above the base, it is a sort
of auto-feeding mechanism. This mechanism works based on the difference in hydraulic pressure between
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a solar still and a feeding tank, where the air is needed in the tank to feed water. Hence penetrating air
bubbles through the orifice shall reach the tank and the tank swap it with water feeding. The solar radiation
rises the basin water temperature and thus evaporates water. As the evaporation process is initiated the
water level is retrieved and the feeding process establish simultaneously. Also, the vapor moves toward the
glass cover where it shall condensate, this process shall continue until something changes, such as night
time, or runout of basin water.

Results and discussion

The theoretical investigation of the proposed tank shaped showed a noticeable results. This can be
highlighted through examining the daily productivity and basin water temperatures. Figures 7 provides the
basin water temperature measured hourly of solar still integration with various preheating tanks design and
conventional solar still adopted in this analysis. Whereas, figure 8 illustrated the anticipated hourly
productivity of each combination.
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Figure 7. Hourly basin water temperature of CSS and SSSS integrated with

Preheating Tank (1/5/2020)
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Figure 8 The hourly production rate of CSS and SSSS integrated
with various preheating tanks (1/5/2020)

It can be seen that the integration of preheating tank enhanced the hourly yield of single slope solar still.
Simultaneously, the design of the half-sphere tank has shown the best performance possible among the
considered tank shapes. The cumulative production of the solar still with a half-sphere tank was recorded
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as 2.638 L/day, whereas, the CSS produces an amount of 2.2 L/day. This can be argued the surface
exposure to the sun rays could be more in contrast to other shapes, also the surface contact between water
and the surface exposed to rays is more as well.

The other consideration in the theoretical analysis is the volume of that half-sphere tank. The analysis
considered 4 different volumes, which compared to the amount of produced water in the case of
conventional solar still. The volumes are 1.5 v, 2 v, 2.5 v, and 3 v times the amount of produced water from
conventional solar still. Figures 9, and 10 provides the predicted hourly basin water temperature and hourly
yield of this case studies, respectively.

g + Conventional solar still
+ Half sphere.. 1.5vol
-+ Half sphere.. 2 vol

oF + Half sphere.. 2.5vol
-+ Half sphere.. 3vol
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Figure Error! No text of specified style in document.9. Hourly basin water temperatures of CSS
and SSSS integrated with half-sphere Preheating tanks of (1.5 vol, 2 vol, 2.5 vol, and 3 vol).
(1/5/2020)
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Figure 10. Hourly productivity of CSS and proposed CSS Integrated with preheating tank (1/5/2020)

The analysis results predicted that the half-sphere tank with the volume of 2.5 v once integrated with the
conventional solar still produced the best daily yield among other volumes. Hence the study suggested this

volume and shape as the potential one to fabricate among the others. Where the cumulative production was
recorded as 3.05 L/day.

Moreover, the experimental were carried out at Al-Najaf City can be summarized and compared to those
anticipated by the theoretical study. The hourly production rate of CSS and the integrated solar still with

60



;\,y.uﬁ_g_“ Sl il g a sladl :\.‘.;A
Journal of Science And Engineering Application
ISSN 2521-3911

Enhancing the daily yield of single-slope
solar still using a preheating water tank

Volume 5 NO.1 YEAR 2023

the preheating tanks (Improved-SSSS) is reported in figure 11. Figure 12 illustrated the temperature
elevation of basin water due to integrated solar still with the 2.5 v half-sphere tank.
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Figure 11. Hourly production rate of CSS and SSSS integrated with half-sphere Preheating
tank (experimental) (4/5/2021)
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Figure 121. Basin water temperature variation with time of CSS and
Improved SSSS(4/5/2021)

It can be seen that the addition of preheating tank has noticeably improved the daily yield of single slope
solar still. Comparing the predicted result through Comsol analysis with the collected data from the
conducted experiment have shown a remarkable agreement in the provided results. This can be
demonstrated in figure 13. Whereas Figure 14 provides the solar and wind data which was utilized as an
input data to gain the above predictions.
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CSS and SSSS integrated with Preheating (4/5/2021)

Conclusion

It can be concluded that the present work included the development of a Mathematical model with the aid
of Comsol Multiphysics. This was utilized to evaluate and predict the daily yield of single slope solar still
and proposed modifications. The results show that the performance of CSS can be enhance by integrating
it with a preheating tank of any shape. The optimal shape was found to be the half-sphere type. Whereas
the optimal volume is to be 2.5 times the anticipated produced amount by a CSS. Experimentally integrating
the proposed 2.5 v half-sphere AL preheating tank with SSSS has shown similar results to those predicted

numerically.
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