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ABSTRACT

This study presents a numerical investigation of
a solar desalination system enhanced with water film
cooling and a flat plate collector. Solar still systems are
increasingly recognized as effective solutions for
reducing reliance on conventional energy sources in
water treatment and for addressing the growing
challenge of water scarcity. To this end, three system
configurations are analyzed and compared: a
conventional solar still (CSS), a solar still with film
cooling (SSC), and a solar still incorporating both film
cooling and a flat plate collector (SSP). Simulations are
carried out under the climatic conditions of
Errachidia, Morocco (latitude: 31.91°, longitude: -
4.42°). The results demonstrate notable performance
enhancements, with daily freshwater yields of 3.48,
451, and 8.45 kg/m2.day for CSS, SSC, and SSP,
respectively.
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1. INTRODUCTION

The integration of renewable energy into clean water production is considered a promising
solution. In particular, the use of solar energy for freshwater production has emerged in recent
years as a widely adopted alternative to conventional fossil fuel-based sources. Various
desalination technologies exist, including membrane techniques, chemical methods, and
thermal processes. The integration of solar energy as a primary energy source for these
technologies is becoming increasingly viable. In this regard, Mundu et al. [1] present a detailed
review of various solar-powered water purification techniques. Furthermore, Davies et al. [2]
concluded that small-scale desalination systems, such as reverse osmosis units powered by solar
energy, provide a valuable solution, particularly in areas affected by conflict and instability
where electricity supply is often interrupted or damaged. In addition, the solar still (Fig. 1), as
one of the solar thermal desalination methods, offers a practical and cost-effective approach.
Its low investment cost makes it suitable for meeting drinking water needs in an
environmentally sustainable manner. However, the output of a conventional solar distillation
system is relatively low. Therefore, combining it with an external renewable energy source to
supply additional thermal energy is highly recommended. In this context, Badran et al. [3]
improved the efficiency of a solar still by integrating it with a flat plate collector (FPC). The
results revealed a notable improvement in the productivity of the conventional system, with a
substantial increase of 231% when tap water was used as the feed water. Dwivedi and Tiwari
[4] conducted a numerical validation of a dual-slope solar still connected to a vacuum tube
collector (ETC). The thermal modeling demonstrated strong agreement with the experimental
findings, and an enhancement in the total yield from 1838 to 2790 g/m? was observed.
Additionally, Singh et al. [5] examined the efficiency of a solar still combined with a vacuum
tube collector (ETC). Their study primarily aimed to optimize the saline water depth and the
number of collector tubes. The findings showed that the most productive daily output was
achieved at a water depth of 0.03 m with 10 vacuum tubes. Furthermore, Mevada et al. [6]
experimentally improved the efficiency of a solar still by incorporating an innovative air-
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evacuated system with a zigzag configuration and coupling it with an ETC device. A significant
enhancement was achieved, increasing the daily freshwater yield of the basic system by 73.45%.
Similarly, Shoeibi et al. [7] conducted an experimental analysis of a solar still combined with
an evacuated heat pipe and an external condenser. The findings indicated that the upgraded
solar still, incorporating the proposed enhancements, increased output by a factor of 2.13
compared to the benchmark model. Moghadam et al. [8] suggested using an evacuated tube as
an absorber, with a cube-shaped glass condenser installed to collect the distilled water. In
addition, parametric optimization was performed using the response surface methodology
(RSM). The results revealed that a combination of a 2940 cm3 cube volume, a 3360 cm?
condenser surface area, and a 4 mm cover thickness achieved the highest productivity of 7.231
kg/mz2. Moreover, Panchal et al. [9] investigated the effectiveness of calcium stones as a sensible
heat storage medium in combination with an evacuated tube collector. The daily yield of the
modified solar still was 5.31 L, representing an improvement of approximately 113.52% over
the conventional type. A parabolic-trough collector (PTC) equipped with an ETC filled with
PCM was also incorporated to improve the performance of the solar still [10]. Furthermore,
the effect of the heat transfer fluid type (water, oil, or nanofluid) and water depth was
investigated. The modified solar still demonstrated a significant enhancement in freshwater
yield, achieving a 250% increase over the conventional system. Bhargava et al. [11] studied the
effect of shading (with cotton), cooling the glass cover, and coupling the system with an ETC.
The results revealed that partially shading the glass cover (up to half its surface), combined with
cooling and an ETC, enhanced the efficiency of the conventional still by approximately 3.8%.
Additionally, Shehata et al. [12] performed an experimental investigation on the effect of
implementing ultrasonic humidifiers, phase change materials (PCM), and coupling the system
with an ETC. The findings showed that the conventional type, including all modifications,
achieved the highest productivity of 5.24 kg. Moreover, Ayoobi and Ramezanizadeh [13]
presented a review of recent advancements in solar stills integrated with flat plate collectors. In
addition to using an external energy source, cooling the glazing surface is regarded as a
promising approach for improving the con-densation rate of water vapor. Zeroual et al. [14]
experimentally investigated the effect of the glass cooling technique affects the effi-ciency of a
dual-slope solar still. Their find-ings revealed an improvement in daily fresh-water yield of
approximately 11.82% com-pared to the traditional system. Morad et al. [15] enhanced the
performance of CSS by implementing two modifications: cooling the glass cover and
integrating a flat plate collector as an external heat source. The obtained findings demonstrated
a significant improvement in the system’s productivity, from 6.38 to 10.06 I/m*. Abu-Arabi et
al. [16] conducted a comprehensive investigation on a solar distiller improved by cooling the
glass cover, using phase change material, and integrating of FPC as an external energy source.
The outcomes of the theoretical study demonstrated that implementing these improvements
increased the total yield by approximately 2.3 times compared to a solar still utilizing only film
cooling. Shoeibi and colleagues [17] performed an experimental investigation on a dual-slope
distiller that integrates glass cooling and water heating using a thermoelectric resistance. Their
results indicated that the efficiency of the system was enhanced by approximately 1.67 times.
Given that graphite is distinguished by its high thermal conductivity and ability to store energy
in sensible form [18]. Kabeel and Abdelgaied [18] performed an experimental investigation on
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a pyramid solar distiller equipped by a cooling cover and a graphite absorber. The total daily
yield of the traditional pyramid distiller and the upgraded one was 4.43 and 9.19 L/mz2
respectively. Khan et al. [19] applied a cooling technique to a hemispherical solar still,
producing an improvement in energy efficiency from 34% to 42%. Similarly, Attia et al. [20]
improved the efficiency of a hemispherical solar distiller by utilizing a thin film over the
transparent cover. In addition, they incorporated a wick absorber material to further improve
the system's productivity. They concluded that the modified solar distiller improved the fresh
water production by approximately 69.23%. Furthermore, Omara et al. [21] and Elsheikh et al.
[22] presented in their review paper the advancements and the various technologies for cooling
the glass cove. The literature review demonstrates that the integration of external energy
sources such as FPC, PV/T, etc., with solar still extensively contribute in the enhancement of
the system’s performance. Furthermore, various economic, environmental, enviroeconomic,
and exergoeconomic analyses of solar stills have been conducted to evaluate their impact on
CO, mitigation and cost per liter compared to other technologies. Thus, An energy, exergy,
economic, and environmental analysis of a solar still integrated with a cooling cover was
thoroughly investigated by Shatar et al. [23]. In this study, the integration of a partially coated
glass cover and a thermoelectric cooler (TEC) was examined. The results indicate that the yield
of the conventional system could be increased by approximately 129%. Additionally, the
modified solar still achieved a lifetime CO, emission reduction of 2.97 tonnes, and the cost per
liter of distilled water was USD 0.036, the lowest among the compared systems, including the
reference system and the solar still with a TEC of 12 W. Furthermore, Kaviti et al. [24]
conducted a comprehensive analysis of the energy, exergy, economic, and environmental
performance of solar stills integrated with magnets and finned absorbers. Two configurations
were examined experimentally: a solar still equipped with magnets and parabolic-shaped fins,
and another with magnets and truncated fins. The results revealed that the system with
parabolic-shaped fins achieved a 20.9% lower cost per liter compared to the truncated fin
configuration, demonstrating superior cost-effectiveness. Furthermore, Aftiss et al. [25]
investigated the effect of integrating a dynamic phase change material (PCM) layer to enhance
thermal performance. Three solar still configurations were studied and compared: a
conventional solar still, a solar still with fixed PCM, and a solar still with mobile PCM. The
results revealed that CO, mitigation was highest with the solar still using mobile PCM, reaching
27.4 tones. Dhivagar et al. [26] enhanced solar still productivity by using magnetic powder as
an energy storage medium. They also conducted an exergy and environmental analysis. The
findings revealed that CO, reduction increased by approximately 43% compared to
conventional systems.

This research paper presents a numerical analysis of a conventional solar still enhanced by
cooling the glass cover and integrating a flat plate collector. Three cases are examined and com-
pared numerically: a conventional solar still (CSS), a solar still with film cooling (SSC), and a
solar still combining glass cooling and a flat plate collector (SSP).
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Figure 1. Conventional solar still

2. SYSTEM DESCRIPTION

The working principle of a solar still relies on the key concepts of evaporation and
condensation. As illustrated in Figure 1, solar energy is absorbed by the absorber plate, which
raises the temperature of the brackish water and generates water vapor. This vapor condenses
on the inner layer of the glass cover, and the resulting droplets move downward under gravity
to be collected in a storage tank. Figure 2 provides a comprehensive schematic of the present
study. The conventional setup is integrated with a flat-plate collector via a pump, supplying
heated water to the solar still. Additionally, a cooling system is installed above the transparent
cover to enhance condensation yield.

The three solar stills are numerically studied under the same conditions. It is important to
note that the solar stills have identical geometries. Table 1 presents the main parameters of the
solar stills used in this investigation.

Furemwates | Solar still

"J(l‘

Figure 2. Solar still with flat plate collector and cooling glass cover.
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Table 1. Physical properties of solar still

Parameter Value
Aw 1.0 m?
Ap 1.0m?
Cw 4190 J/kg K
Cy 800 J/kg K
Co 896 J/kg K
aw 0.05
ap 0.95
ap 04
eg 0.88
ew 0.96
tg 0.95

S 5.669x108W/m? K*
Mw 20 kg
Ub 14 W/m2K

3. MATHEMATICAL MODEL

This numerical simulation compares three configurations of solar stills (CSS, SSC, SSP) to
investigate the effects of glass cover cooling and integration of a flat plate collector. The study
determines the productivity of each system by formulating and solving thermal balance
equations for each component of the solar still, including the glass cover, brackish water,
absorber plate, and water film cooling system. The equations were solved considering these

assumptions:

e The thickness for the cooling fluid was considered thin; therefore, the solar energy
absorbed through the film is negligible.

e The solar distiller still is well-sealed; thus, it is impermeable to vapor leakage.

e The brackish water thickness is considered constant.

3.1. Conventional solar still

e Energy balance for the absorber [25]:

my Cb dTb
A, E =dqip — 9ewb — Qpb (D
e Energy balance for brackish water [25]:
m,,C,, dT,
X Wd_;v = Qiw t 9Qewp — Qrwg — Qewg — Yewg (2)
w
e Energy balance for the glass cover [27]:
myCy dTy,
A_E = (ig + Qewg + Qrwg + Qewg — 9cga — Qrga (3)
g
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3.2. Solar still with film cooling
For the SSC case, the governing equations for the water and absorber plate are similar to
those for the CSS case. Therefore, only the equations for the glass cover and water are presented.

e Energy balance for film cooling [28]:

TE =My (Tr1 — Tr2) + Gews — Qrf — efa (5)
e Energy balance for the glass cover [28]:
MeCedly _ _
A dt - Chg + Qng + qrwg + qewg chf (4‘)
g

3.3. Solar still with film cooling and FPC

In this section, the energy balance equations are similar to those of the SSC system, except
for the saline water equation, which includes additional energy input from the flat plate collector
(FPC). By incorporating the term representing the thermal energy received from the FPC, the
energy balance equation for brackish water is expressed as follows [31].

m,,C,, dT,,
—— = qiw + Qu t Gewp — Qrwg — Qewg — Qewyg (6)
A, dt

3.4. Productivity and energy efficiency
The hourly productivity and average energy efficiency of SSP and CSS are determined using
the following expressions [29]:
hewg % (T — T,) X 3600

"= Ier 2
3 XM X Lg,
T=3600x 4, x X 1(1) ®

For a solar distiller coupled to a flat-plate collector, both the energy supplied by the pump
and the useful energy from the FPC are considered. Consequently, the thermal efficiency is
expressed by the following equation [16]:

3 Ym X Lg,
3600 X (Ap X X1(6) + Qu + Pyum)

n 9)

4. NUMERICAL SIMULATION

4.1. Numerical method

The energy balance equations (1-6) describing the heat transfer of solar stills are solved
numerically using the 4th-order Runge-Kutta method. A code developed in Fortran 90 is used
in this study. At each one-second time step, the energy equations are solved, and parameters
such as temperatures and heat transfer rates are estimated and used in the subsequent time
step. The calculations continue until the desired simulation time is reached. The flow chart in
Figure 3 presents the various steps followed during the computation.

Solar Energy and Sustainable Development, Special Issue (MME), May 2024.
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Figure 3. Flowchart illustrating the steps involved in the numerical modelling process.

4.2. Numerical method

To ensure the reliability and accuracy of the results, the present study is validated against the
theoretical and experimental results reported in previous studies [29, 30]. The results show good
agreement with the published data. Figure 4 compares the absorber temperature and hourly
productivity with the experimental results of Agrawal et al. [29]. Figure 5 shows the validation

Start

l

| Declaration of variables |

|

| Entering the meteorological data file |

l

Initiation (initial temperature of the
different components)

|

Time loop t=7:00 AM

l

Calculates the heat exchange coefficients
depending on the temperature

]

Introduce the functions f{T(t))

l

Calculates the Runge-kutta coefficients
(K1. k2. K3, k4)

|

Calculates the new temperatures

|

Recalculated the different coefficients
that depend on the T (°C)

No
End time loop t=22:00FN

| Saved results |

against the theoretical results of El-Sebaii et al. [30].

1.4

Hourly Production (Kg/m2.h)
L -
N = » [--]

=t
=)

Figure 4. Validation of the numerical model against experimental data [29].
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Figure 5. Validation of the numerical simulation with analytical data [30].

5. RESULTS AND DISCUSSION

This study provides a detailed comparison of three distinct solar still systems: CSS, SSC, and
SSP. It focuses on improving the performance of the conventional system by increasing the
temperature of saline water while reducing the glass temperature, thereby enhancing the
temperature gradient and boosting the evaporation process. Specifically, the study examines the
effects of glass cover cooling and the integration of a flat plate collector on the solar still systems.

Table 2. Meteorological data of a typical summer day in Errachidia city, Morocco.

Table 2. Meteorological data of a typical summer day in Errachidia city, Morocco.

Time (h) Ta (°C) I(t) Vw (m/s)
7:00 30 19.7 2
8:00 31.41 105.04 1.93
9:00 36.45 300.23 179
10:00 38.14 516.69 1.24
11:00 38.84 613.28 131
12:00 39.36 831.46 2.14
13:00 40.11 936.79 2.97
14:00 40.65 971.22 3.52
15:00 41.65 881.23 3.72
16:00 42.28 751.07 3.79
17:00 41.86 5704 3.86
18:00 39.62 340.53 3.45
19:00 35.99 158.48 2.9

20:00 33.68 32.23 2.34
21:00 30.95 0 1.45
22:00 26.09 0.76

5.1. Water temperature

Figure 6 depicts the hourly variation in water temperature for the cases under investigation.
The temperature rises gradually over time, reaching peak values around noon, after which the
water temperature begins to decline. The graph demonstrates that the temperature variations
closely follow the solar radiation profile. In the initial hours of operation, the water temperature
of the SSP is higher, highlighting the effect of the energy supplied by the FPC. Afterward, the
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conventional system surpasses the SSP and remains higher until the end of the day. This is
attributed to the cooling film effect, which reduces the water temperature through convective
heat transfer between the glass and the water. The maximum temperatures recorded are
approximately 64.46°C for CSS, 51.61°C for SSC, and 61.07°C for SSP.

¥ T X T T T T T T T

%5 _a—css ]
| —+—SSC
—a—SSP

14
2]
T

o
o
T

Water Temperature (°C)
g &

w
i

w
o
T

25l 0 o0 s
8 10 12 14 16 18 20 22

Time (h)
Figure 6. Hourly variation of glass temperature.

5.2. Cumulative productivity

The freshwater productivity of solar distillation systems is an important indicator for
evaluating the system’s performance. The implemented modifications to the traditional solar
distiller significantly enhanced its daily productivity. The integration of water film cooling
considerably increased the temperature difference between the glass cover and the water basin,
consequently improving the system's output. Moreover, integrating the system with a flat plate
collector raised the water temperature, which in turn enhanced the evaporation rate. The daily
productivity of CSS, SSC, and SSP is 3.48, 4.48, and 8.45 kg/m2.day, respectively.

10 T T T

8—+CSS XH——A—A_

—e—SSC A
—a— §SP F'¢

Accumulated productivty (kg/m?)

8 . 10 l 12 . 14 I 16 l 18 . 20 I 22
Time (h)
Figure 7. Accumulated productivity of solar stills.

5.3. Energy efficiency
The energy efficiency of the solar desalination system was calculated based on its daily
productivity and the total energy received. Figure 8 illustrates the average thermal performance
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of the three distillation systems. The findings indicate that SSP exhibits the highest efficiency at
47.57%, followed by SSC at 43.56%, and CSS at 35.2%.

sof L_[css 47.57 T
SSC 4757
SSP 43.56
S |
2 35.2
o
‘S 30 - -
£
w
&20 - -
@
=
W
10 :
o 1 X 1 " 1
CSS S§8C SSP

Figure 8. Energy efficiency of solar stills.

6. CONCLUSION

The present investigation aimed to enhance the productivity of a conventional solar still
(CSS) by implementing a water film cooling technique and coupling the system with a flat plate
collector (FPC). Based on numerical analysis, the following conclusions can be drawn:

e The daily productivity of CSS, SSC (solar still with cooling), and SSP (so-lar still with
cooling and FPC) was found to be 3.48, 4.48, and 8.45 kg/m2-day, respectively.

e A productivity enhancement of 28% was achieved using film cooling alone, while a
remarkable 142% increase was observed when combining film cooling with the FPC.

e The average energy efficiency for CSS, SSC, and SSP was found to be 35.2%, 43.56%, and
47.74%, respectively, con-firming the benefits of external energy integration.

These results demonstrate that integrating of the passive and active techniques can

substantially enhance both the efficiency and freshwater yield of solar distillation systems.

APPENDIXIE:

It should describe the meaning of the results, especially in the framework of the subject. It
should include general and specific conclusions but not the summary of the article.

e The heat flux delivered by the flat plate collector is can write as follows [31]:
qu = ACFT(apTGG = Ucottector (Tw — Ta))
e The heat flux expressions in solar still [27]

qig = (1-Ry) X ag X I(t)
Aewg = hc,w—g (TW_Tg)
Arwg = hr,w—g (TW_Tg)
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Nomencla

S m P o> 3
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~
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Ucollecto

hc,ga
hc,wb
hc,wg
he,wg
hr,ga
hr,wg

e

F

FI

41

Gewg = hew-g(Tw=Ty)
Ae.ga = heg-a(Ty=Ta)
Gr.ga = hr.g—a(Ty=Tsey)
qiw = (1-ay)(1-Ry)(1-Ry) X a, X I(2)
dewn = hew—p(Tp=Ty)
qip = (1-ay)(1-Ry)(1-R,)(1- ay,) X ap X (1)
qpp = Up(Tp-Ta)

ture
Mass flow rate of the hot fluid coming from the solar collector.

Area.

Diameter of solar collector tubes.

Heat removal factor for the solar collector.

Thermal conductivity of brackish water.

Latent heat of vaporization of water.

Partial saturated vapour pressure at glass cover temperature.
Partial saturated vapour pressure at a basin water temperature.
Weight of water.

Overall heat loss coefficient of the solar collector.

Convective heat transfer coefficient from glass cover to ambient.
Convective heat transfer coefficient from basin liner to water.

Convective heat transfer coefficient from basin water to glass cover.

Evaporative heat transfer coefficient from basin water to glass cover.

Radiative heat transfer coefficient from glass cover to ambient.
Radiative heat transfer coefficient from basin water to glass cover.
Heat transfer coefficient for water inside the collector tubes.

Fin efficiency.

Fin efficiency factor for the solar collector.

Spacing between solar collector tubes.

Wind velocity.

(kg/s)
(m?)

(m)
(dimensionless)
(W.m™1.°k™1)
U.kg™)
(N.m™)
(N.m™)
(Kg)
(W/m?2 K)
(W.m™2.°c™1)
(W.m™2.°Cc™?1)
(W.m™2.°C1)
(W.m=2.°C~1)
(W.m=2.°C~1)
(W.m=2.°c™)
(W/m?2 K)
(dimensionless)
(dimensionless)
(m)

(m.s™h)

Solar Energy and Sustainable Development, Special Issue (MME), May 2024.



Enhancing Solar Still Efficiency with Film Cooling and Flat Plate Collector: A Numerical Study

Authors contribution: Conceptualization: Reda Aftiss; Methodology: Reda Aftiss; Project
administration: Monssif Najim; Supervision: Monssif Najim, Taoufik Thatou; Writing-original
draft: Reda Aftiss; Writing-review & editing: Monssif Najim, Taoufik Thatou.

Funding: This research received no external funding. Data Availability Statement: The simulation
data are not publicly available due to the proprietary nature of the models but can be requested
from the corresponding author for academic purposes.

Conflicts of Interest: The authors declare that they have no conflict of interest.

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[]

[10]

Mundu, M. M.; Sempewo, J. I.; Nnamchi, S. N.; Uti, D. E. Solar-powered desalination
technologies for sustainable water security solutions. International Journal of Energy
Research 2025, 2025(1). https://doi.org/10.1155/er/3482306

Davies, P.; Afifi, A.; Khatoon, F.; Kuldip, G.; Javed, S.; Khan, S. Double-acting batch-
RO system for desalination of brackish water with high efficiency and high recovery.
Desalination and Water Treatment 2021, 224, 1-11.
https://doi.org/10.5004/dwt.2021.26995

Badran, A. A.; Al-Hallag, I. A.; Salman, I. A. E.; Odat, M. Z. A solar still augmented with
a flat-plate collector. Desalination 2005, 172(3), 227-234.
https://doi.org/10.1016/j.desal.2004.06.203

Dwivedi, V. K.; Tiwari, G. Experimental validation of thermal model of a double slope
active solar still under natural circulation mode. Desalination 2010, 250(1), 49-55.
https://doi.org/10.1016/j.desal.2009.06.060

Singh, R. V.; Kumar, S.; Hasan, M. M.; Khan, M. T.; Tiwari, G. Performance of a solar
still integrated with evacuated tube collector in natural mode. Desalination 2013, 318,
25-33. https://doi.org/10.1016/j.desal.2013.03.012

Mevada, D.; Panchal, H.; Sadasivuni, K. K. Investigation on evacuated tubes coupled
solar still with condenser and fins: Experimental, exergo-economic and exergo-
environment analysis. Case Studies in Thermal Engineering 2023, 27, 101217.
https://doi.org/10.1016/j.csite.2021.101217

Shoeibi, S.; Kargarsharifabad, H.; Rahbar, N.; Khosrav, G.; Sharifpur, M. An integrated
solar desalination with evacuated tube heat pipe solar collector and new wind ventilator
external condenser. Sustainable Energy Technologies and Assessments 2021, 50, 101857.
https://doi.org/10.1016/j.seta.2021.101857

Moghadam, H.; Samimi, M. Effect of condenser geometrical feature on evacuated tube
collector basin solar still performance: Productivity optimization using a Box-Behnken
design model. Desalination 2022, 542, 116092.
https://doi.org/10.1016/j.desal.2022.116092

Panchal, H.; Hishan, S. S.; Rahim, R.; Sadasivuni, K. K. Solar still with evacuated tubes
and calcium stones to enhance the yield: An experimental investigation. Process Safety
and Environmental Protection 2020, 142, 150-155.
https://doi.org/10.1016/j.psep.2020.06.008

Dawood, M. M. K.; Nabil, T.; Kabeel, A.; Shehata, A. I.; Abdalla, A. M.; Elnaghi, B. E.
Experimental study of productivity progress for a solar still integrated with parabolic

Solar Energy and Sustainable Development, Special Issue (MME), May 2024.

42


https://doi.org/10.1155/er/3482306
https://doi.org/10.5004/dwt.2021.26995
https://doi.org/10.1016/j.desal.2004.06.203
https://doi.org/10.1016/j.desal.2009.06.060
https://doi.org/10.1016/j.desal.2013.03.012
https://doi.org/10.1016/j.csite.2021.101217
https://doi.org/10.1016/j.seta.2021.101857
https://doi.org/10.1016/j.desal.2022.116092

Reda Aftiss et. al.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
43

trough collectors with a phase change material in the receiver evacuated tubes and in the
still. Journal of Energy Storage 2020, 32, 102007.
https://doi.org/10.1016/j.est.2020.102007

Bhargava, M.; Yadav, A. Effect of shading and evaporative cooling of glass cover on the
performance of evacuated tube-augmented solar still. Environment Development and
Sustainability 2019, 22(5), 4125-4143. https://doi.org/10.1007/s10668-019-00375-8

Shehata, A. I.; Kabeel, A.; Dawood, M. M. K.; Elharidi, A. M.; Abd-Elsalam, A.; Ramzy,
K.; Mehanna, A. Enhancement of the productivity for single solar still with ultrasonic
humidifier combined with evacuated solar collector: An experimental study. Energy
Conversion and Management 2020, 208, 112592.
https://doi.org/10.1016/j.enconman.2020.112592

Ayoobi, A.; Ramezanizadeh, M. An exhaustive review on a solar still coupled with a flat
plate collector. International Journal of Photoenergy 2021, 2021, 1-24.
https://doi.org/10.1155/2021/9744219

Zeroual, M.; Bouguettaia, H.; Bechki, D.; Boughali, S.; Bouchekima, B. Experimental
investigation on a double-slope solar still with partially cooled condenser in the region
of Ouargla, Algeria. Desalination 2011, 273(1), 236-242.
https://doi.org/10.1016/j.eqypro.2011.05.083

Morad, M. M.; EI-Maghawry, H. A. M.; Wasfy, K. I. Improving the double slope solar
still performance by using flat-plate solar collector and cooling glass cover. Desalination
2015, 373, 1-9. https://doi.org/10.1016/j.desal.2015.06.017

Abu-Arabi, M.; Al-Harahsheh, M.; Ahmad, M.; Mousa, H. Theoretical modeling of a
glass-cooled solar still incorporating PCM and coupled to flat plate solar collector.
Journal of Energy Storage 2020, 29, 101372. https://doi.org/10.1016/j.est.2020.101372

Shoeibi, S.; Rahbar, N.; Esfahlani, A. A.; Kargarsharifabad, H. Application of
simultaneous thermoelectric cooling and heating to improve the performance of a solar
still: An experimental study and exergy analysis. Applied Energy 2020, 263, 114581.
https://doi.org/10.1016/j.apenergy.2020.114581

Kabeel, A.; Abdelgaied, M. Enhancement of pyramid-shaped solar stills performance
using a high thermal conductivity absorber plate and cooling the glass cover. Renewable
Energy 2019, 146, 769775 https://doi.org/10.1016/j.renene.2019.07.020

Khan, M. Z.; Nawaz, I.; Tiwari, G.; Meraj, M. Effect of top cover cooling on the
performance of hemispherical solar still. Materials Today: Proceedings 2020, 38, 384—
390. https://doi.org/10.1016/j.matpr.2020.07.513

Attia, M. E. H.; Kabeel, A.; Bellila, A.; EI-Maghlany, W. M.; Abdelgaied, M.; EI-Agouz,
S.; Abdel-Aziz, M. M. Enhancing hemispherical solar still yield via wick materials and
glass cover cooling. Desalination and Water Treatment 2022, 247, 1-9.
https://doi.org/10.5004/dwt.2022.28049

Omara, Z.; Abdullah, A.; Kabeel, A.; Essa, F. The cooling techniques of the solar stills'
glass covers — A review. Renewable and Sustainable Energy Reviews 2017, 78, 176-193.
https://doi.org/10.1016/j.rser.2017.04.085

Elsheikh, A.; Hammoodi, K. A.; Ibrahim, A. M. M.; Mourad, A. I.; Fujii, M.; Abd-Elaziem,
W. Augmentation and evaluation of solar still performance: A comprehensive review.
Desalination 2023, 574, 117239. https://doi.org/10.1016/j.desal.2023.117239

Shatar, N. M.; Sabri, M. F. M.; Salleh, M. F. M.; Ani, M. H. Energy, exergy, economic,

Solar Energy and Sustainable Development, Special Issue (MME), May 2024.



https://doi.org/10.1016/j.est.2020.102007
https://doi.org/10.1007/s10668-019-00375-8
https://doi.org/10.1016/j.enconman.2020.112592
https://doi.org/10.1155/2021/9744219
https://doi.org/10.1016/j.egypro.2011.05.083
https://doi.org/10.1016/j.desal.2015.06.017
https://doi.org/10.1016/j.est.2020.101372
https://doi.org/10.1016/j.apenergy.2020.114581
https://doi.org/10.1016/j.renene.2019.07.020
https://doi.org/10.1016/j.matpr.2020.07.513
https://doi.org/10.5004/dwt.2022.28049
https://doi.org/10.1016/j.rser.2017.04.085

Enhancing Solar Still Efficiency with Film Cooling and Flat Plate Collector: A Numerical Study

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

environmental analysis for solar still using partially coated condensing cover with
thermoelectric cover cooling. Journal of Cleaner Production 2023, 387, 135833.
https://doi.org/10.1016/j.jclepro.2022.135833

Kaviti, A. K.; Prasad, M. S.; Teja, V. B. V. N.; Sikarwar, V. S. Synergistic impact of
magnets and fins in solar desalination: Energetic, exergetic, economic, and
environmental analysis. Processes 2024, 12(11), 2554,
https://doi.org/10.3390/pr12112554

Aftiss, R.; Najim, M.; Thatou, T.; Hissouf, M. Numerical study of conventional solar still
integrated dynamic PCM layer. Desalination 2024, 118493.
https://doi.org/10.1016/j.desal.2024.118493

Dhivagar, R.; Shoeibi, S.; Kargarsharifabad, H.; Ahmadi, M. H.; Sharifpur, M.
Performance enhancement of a solar still using magnetic powder as an energy storage
medium: Exergy and environmental analysis. Energy Science & Engineering 2022, 10(8),
3154-3166. https://doi.org/10.1002/ese3.1210

Aftiss, R.; Najim, M.; Hissouf, M. Numerical study of PCM-integrated solar still
efficiency enhancement. The International Journal of Low Carbon Technologies 2024,
19, 443-454. https://doi.org/10.1093/ijlct/ctae004

El-Samadony, Y.; Kabeel, A. Theoretical estimation of the optimum glass cover water
film cooling parameters combinations of a stepped solar still. Energy 2014, 68, 744—750.
https://doi.org/10.1016/j.energy.2014.01.080

Agrawal, A.; Rana, R.; Srivastava, P. K. Heat transfer coefficients and productivity of a
single slope single basin solar still in Indian climatic condition: Experimental and
theoretical comparison. Resource-Efficient Technologies 2017, 3(4), 466-482.
https://doi.org/10.1016/j.reffit.2017.05.003

El-Sebaii, A. A.; Al-Hazmi, F. S.; Al-Ghamdi, A. A; Faidah, A. S. Thermal performance
of a single basin solar still with PCM as a storage medium. Applied Energy 2009, 86(7—
8), 1187-1195. https://doi.org/10.1016/j.apenergy.2008.10.014

Tiwari, G. N.; Dimri, V.; Singh, U.; Chel, A.; Sarkar, B. Comparative thermal
performance evaluation of an active solar distillation system. International Journal of
Energy Research 2007, 31(15), 1465-1482. https://doi.org/10.1002/er.1314

Solar Energy and Sustainable Development, Special Issue (MME), May 2024.

44


https://doi.org/10.1016/j.jclepro.2022.135833
https://doi.org/10.3390/pr12112554
https://doi.org/10.1002/ese3.1210
https://doi.org/10.1093/ijlct/ctae004
https://doi.org/10.1016/j.energy.2014.01.080
https://doi.org/10.1016/j.reffit.2017.05.003
https://doi.org/10.1016/j.apenergy.2008.10.014
https://doi.org/10.1002/er.1314



