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Abstract—Through tapping into the boundless resources provided by the sea and sun, scientists have created
a sustainable and cost-effective drinking water supply using solar-powered desalination. In this manuscript,
utilizing gravels, sand and wick materials as the energy storage medium is one of the key sustainability mod-
ifications made for bettering the rate of evaporation within solar stills, hence enhancing the freshwater yield.
Here, experiments on a single basin solar still with and without energy storage components have been carried
out. Typically, energy storage materials are employed to enhance the rate of evaporation in solar stills, aiming
to increase the yield of distilled water during nocturnal hours. Consequently, it was observed that using locally
available heat storage materials in a solar still during daylight and overnight production of distillate for 15 liter
of water input resulted in increases of 54.39 and 58.08%, respectively. In the case of upgraded solar desalina-
tion systems, the maximum thermal efficiencies were notably improved, with increases of 90.843, 84.464,
and 66.326% compared to conventional solar desalination systems for water inputs of 15, 20, and 25 liters,
respectively. The suggested solar still design is particularly well-suited for generating freshwater in regions with
a pronounced demand, such as areas characterized by excessively saline groundwater, coastal zones, and rural

locations.
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INTRODUCTION

The absence of clean water and traditional energy
sources are world’s most significant issues the world is
currently confronting. Water is a vital requirement for
all forms of life to survive. Humans are regarded as the
most advanced species of life. They require access to
clean, fresh water for survival while using less fossil
fuel or more renewable energy. The current situation
calls for the adoption of effective water treatment tech-
niques that protect the environment without harming
it. Due to the perceived expanding industrial opera-
tions and a growing global population, energy con-
sumption is increasing continuously [1]. Satisfying the
growing demand has resulted in notable adverse
effects from the consumption of fossil fuels, including
elevated temperatures, unfavourable weather phe-
nomena, and increased emissions of greenhouse gases.
In this sense, solar energy provides a clean alternative
to fossil fuels that may be utilized to produce electrical

and thermal energies [2]. A steady supply of freshwater
is another essential global necessity, along with energy
[3]. Because the world’s freshwater supplies are finite,
self-sustaining desalination method need to be devel-
oped to fulfil the needs for freshwater globally, partic-
ularly in desert regions and places where there is a
water scarcity [4]. Researchers are increasingly focus-
ing on solar-powered desalination techniques due to
their cost-effectiveness and simplicity [5, 6]. Recently,
several solar desalination methodologies have been
introduced and researched [7]. Basically, solar stills
gather distilled water by facilitating the evaporation of
water from the basin and its subsequent condensation
on the glass surface.

The utilization of multi-wick materials, as opposed
to a single-wick material, has confirmed to be signifi-
cantly boosts the distillate output. In distillation pro-
cess conducted on an average cold day in Delhi, an
impressive yield of 2.5 liters of water per square meter
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per day was achieved. This level of efficiency, reaching
34%, surpassed the maximum efficiency of 30%
attainable with basin-type solar still [8]. Experimenta-
tion utilizing different kinds of heat-storing materials
in a solar still revealed that highest output was
achieved when employing black rubber material, lead-
ing to a remarkable increase of 38% in the output of
desalinated water [9]. Experimental investigations
were conducted to examine the efficiency of a new
design for inclined solar stills, which incorporates
rectangular grooves and ridges on its absorber plate.
This study compared various wick materials placed on
the absorber plate and revealed that incorporating
energy-absorbing materials leads to increased produc-
tion of distilled water [10]. An assessment of the effec-
tiveness of integrating nanocomposite phase change
materials (composed of Al,O5 disseminated in paraffin
wax) into a single slope solar still was conducted. The
findings demonstrate that the solar still integrated with
nanocomposite phase change materials outperforms
both the solar still without any phase change material
and the solar still with phase change material alone in
terms of performance [11]. Phase change materials
(PCMs) employed in solar still comprises blend of
water, paraffin wax, and aluminum turnings and the
outcomes of this utilization included a production
increase of 4.53 kg/m? and a notable efficiency boost
0of 36.2% [12]. The thermal storage medium, i.e., black
granite pebbles in solar still resulted an approximately
17% raise in desalination yield [13]. Evaluation of dis-
tillate yield in a solar still was conducted integrating
different energy storage materials, such as marble frag-
ments and sandstones. The study concluded that
sandstones outperformed marble pieces in terms of
performance. [14]. The study involved assessing the
working of a stacked cascade solar still coupled with a
thermal photovoltaic collector and resulted in an
approximately 20% rise in freshwater productivity
[15]. The efficiency of the solar still was studied by
using graphite as the energy-storage material, reveal-
ing that daily yield for solar still equipped with graphite
was approximately 7730 mL/m?, whereas conven-
tional stills yielded around 4410 mL/m?[16]. Sand and
jute fabric were used as heat-storage materials to
increase the efficiency of solar stills [17]. In an attempt
to boost the effectiveness of the solar still, a composite
support material is employed, consisting of a phase-
change compound combined with black gravel [18].
To enhance the freshwater yield of the solar still, a pro-
posal was made to incorporate cement-coated red
bricks as a means of energy storage material. Subse-
quent studies revealed that employing a modified solar
still with 20 liters of water resulted in an approximate
34% increase in water temperature. Furthermore, the
production rate was 45% greater in comparison to the
traditional solar still [19].

Examination of solar still performance was con-
ducted by Modi and Modi incorporating heat storage
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material and a regenerative medium while varying
water depths. The results indicated that for water levels
of 1 and 2 cm, total yield could be enhanced by 18 and
24%, respectively [20]. Basalt stone was used to raise
the overall output by roughly 33.7% over traditional
basic solar stills [21]. Dumka et al., employed sand-
filled cotton pouches to increase the modified solar
still’s efficiency by 31.31 and 28.96% compared to
conventional solar still for basin water quantities of 40
and 30kg respectively [22]. Attempting to boost
nightly production by utilizing materials readily avail-
able in the local vicinity, such as concrete fragments,
bricks, and sand, while experimenting with different
weight combinations [23]. In a weir-type cascade solar
desalination system, high water productivity at night is
attained through the dispersion of various nanopow-
ders in the PCMs. Results show that solar desalination
using CuO/PCM produces the highest hourly water
output [24]. An effort was made to explore, both
experimentally and theoretically, the effectiveness of
integrating wax-filled metallic finned-cups (MSS)
into a traditional solar still. The results indicated a
noteworthy enhancement in the overall thermal effi-
ciency of MSS by 24.64% in comparison to CSS [25].
The outcomes reveal that when the solar still uses glass
cover cooling, the condensation heat transfer coeffi-
cient increases on average by approximately 20.8%.
Furthermore, the distillate yield demonstrates a sub-
stantial improvement, coming in at about 3.32 times
the initial figure [26]. For improving a solar still’s effi-
ciency, a coating composed of nano particles of tita-
nium oxide and a blend of black dye was applied as a
foundational layer [27]. The efficiency of a solar still
employing a combination of paraffin wax and sand to
enhance thermal performance was investigated [28].
The research explored how well a solar still worked
employing cotton sacks that were loaded with phos-
phate, aiming to enhance the conventional solar still
efficiency [29, 30]. A functional analysis of an inclined
solar still incorporating a coconut coir disk as the
energy storage medium has been performed through
experimentation. In contrast to traditional solar still,
the energy storage materials still increased its produc-
tivity from 28 to 69.5%. The inclined “solar still” with
simply wick materials increased production from
82.25to 144.5% [31]. To elevate the effectiveness of a
single-slope solar still, a modified version with a
blackened surface was designed and installed. This
improved solar still achieved efficacies of 7.41 and
7.95% when operated with water inputs of 20 and
30 liters, respectively. Additionally, rigorous testing
verified that the distilled water’s purity met acceptable
standards [32]. A significant performance improve-
ment was obtained when a single-basin solar still was
integrated with a Fresnel lens. Compared to the tradi-
tional layout, the distillate yield using the Fresnel lens
attachment was found to be 3.5 to 4 times higher. Fur-
thermore, the system’s overall efficiency increased
significantly, surpassing the conventional method by
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nearly 32.19%. The distillate’s quality assessment
revealed that it complied with international require-
ments [33].

Black magnetic powders have been investigated as
a potential energy storage medium in solar desalina-
tion system performance. Contrary to a conventional
solar still, an upgraded solar still’s cumulative produc-
tivity increased by 31.2% due to the implementation of
magnetic particles in the water [34]. Both conven-
tional solar stills (CSS) and CSS combined with per-
manent ferrite ring magnets (MSS) were evaluated
experimentally and theoretically. As stated in the
study, the results showed a significant improvement in
MSS’s distillate output of 49.22% as compared to CSS
[35]. An artificial neural network (ANN) model was
developed for single basin solar stills, incorporating
sand-filled cotton bags and ferrite ring permanent
magnets. As observed in the study, the model demon-
strated less than a 5% variation when compared to the
experimental data [36]. Permanent ferrite magnets,
triangular prismatic metallic structures and black cot-
ton cloth were used to improve a double slope single
basin solar still in order to lower water surface tension,
reduce its characteristic length, and increase its sur-
face area. As reported by the study, the augmentation
produced a noticeable 60.24% boost in daily distillate
output [37]. The research investigations were con-
ducted using a single-slope solar still, where Egyptian
red clay was employed as energy storage material in
conjunction with PCM positioned in the basin. These
findings were then compared how effectively tradi-
tional solar still performs and found that the output
increased by approximately 21% through employing
phase change material and by roughly 38.7% through
utilizing the indigenous clay material [38]. The study
examined the impact of integrating thermal storage
units using phase change materials (PCMs) and natu-
ral dolomite powder-embedded PCMs on the effi-
ciency of solar stills. Use of pebbles as heat storage
mediums in solar stills has been explored and uncov-
ered intriguing findings. Adamu et al., observed that
the capacity of the basin to store heat went up as the
water content did, leading to higher distillate output
during times of diminished sunshine. However, it was
found that keeping less water in the basin was best
when the main goal was to optimize distillate output
during the day [39]. The impact of incorporating a
black cotton wick into the trough of the PCST-TSS
was examined. Results revealed that the device
equipped with the wick could generate 5.1 L/m?/day
while reducing costs by 40.21% compared to the
device lacking the wick [40]. Eggshell powder from
Babcobb Broilers chicken gets added to the still basin
to improve the efficiency of a tubular solar still by act-
ing as an acceptable bed for energy storage [41]. A
combination of naturally occurring and man-made
porous absorbent materials, including materials like
luffa fibres, blackened luffa, fine steel wool, and steel
wool pads, with the aim of enhancing the performance
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of a solar still [42]. Composite heat storage materials
achieved by blending beach sand with paraffin wax was
used for improving a single-slope solar still output
[43]. Recent research has shown that the efficiency of
solar stills has been boosted through the application of
several different heat-storage materials. The study
assessed the thermo-economic performance and
experimentally examined the efficiency of a hemi-
spheric solar still outfitted with four distinct configu-
rations. In fourth scenario, the best thermal perfor-
mance and output were observed, with a daily output
of 4737.5 ml/m? and a thermal efficiency of 45% [44].
Four different modification scenarios were employed
to evaluate the thermoeconomic and environmental
performance of a hemispherical solar still (HSS). The
result shows in daily yield increases of 43, 59.77, 78.77,
and 95.2%, respectively [45]. The primary objective is
to examine the distinctive heat transfer and flow pat-
terns in a stepped single-basin solar still that incorpo-
rates constant and dynamic temperature differentials
between the evaporating and condensing surfaces and
solar still’s performance has improved significantly
[46]. The research study analysed the impact of vari-
ous operational and environmental factors on a desali-
nation system’s water productivity. Statistical tech-
niques such as Artificial Neural Networks (ANN)
were employed to analyze the significance of these
factors in predicting solar productivity [47]. Incorpo-
rating sand as a sensible heat thermal energy storage
material in a solar still was implemented, and the find-
ings indicated that the yield with sand was 35% greater
compared to the yield without sand [48].

Based on the above review, the single-slope solar
still with locally available energy storage materials i.e.
combination of gravels, sand and wick materials over a
conventional solar still is selected for the present study.
The innovation of current effort intends to boost the
output of solar still by employing a combination of low
cost locally available heat storage materials (sand,
pebbles and wick) on the solar still’s basin area. This
blend of heat storage materials aims to enhance sensi-
ble heat energy storage during daylight hours and sub-
sequently harness it during the night, thereby boosting
the efficiency of the solar still. The proposed investiga-
tion is more intended for underdeveloped nations,
rural areas without access to power, and localities
where the groundwater is salty or unsafe for drinking.
Two different sorts of solar stills were used in the trials
to attain this goal. The original one is an unchanged
conventional solar still, whereas the latter has used
heat storage materials.

EXPERIMENTAL SETUP AND PROCEDURE

The prime objective of the present investigation is
to evaluate the influence of several low cost heat-stor-
age materials, including wick, gravels, and sand, on
the performance of conventional single-slope solar
still. In May 2023, during the hours of sunlight, several
APPLIED SOLAR ENERGY  Vol. 60
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Table 1. Uncertainties measurements

373

Instrument Unit Accuracy Range Standard uncertainty
Lux Meter Ix +1.0 50000 x 100 0.577
K-type thermocouples °C +0.1 —100 to 200 0.0577
Anemometer m/s $0.1 0.4 to 30 0.0577
Productivity mL +2.0 0—1000 1.154
TDS ppm +1.0 0—1999 0.577

experiments were conducted at Krupajal Engineering
College in Bhubaneswar, Odisha (20°17°45.8124” N,
85°49'28.3404” E). The general arrangement of the
experimental setup is schematically illustrated in Fig. 1.

The experimental arrangement primarily com-
prised two solar stills with identical geometric charac-
teristics: one remained unaltered, while the other
underwent modification, as illustrated in Fig. 2. The
solar still featured 1.5 mm thick galvanized steel sheet
construction, 0.48 m? effective basin area, a 525 mm
back wall height, and a 150 mm front wall height.
Additionally, the entire inside surface of the basin has
been painted black to increase the solar absorption for
maximum efficient thermal performance and 6 mm-
thick transparent glass was installed on the upper side
that was exposed to solar radiation. For complete
effective thermal performance and to make sure the
entire condensed water will flow into the freshwater
collector’s channel, the glass cover had a 25° inclina-
tion towards the horizontal plane which faced south.
To ensure that no air will leak through tiny gaps
between the lid and still, silicon rubber band was
employed. A channel was constructed to the bottom of

Brackish water

supply line Inclined

Galvanized steel
(1.5 mm thickness)

L /transparent
l & glasscover [/
%le i .

/Water vapour /

Brackish water in basin

the glass cover to capture the distilled output. A short
pipe is attached to the end of the collecting channel so
that the clean water may be drained into the external
vessel. K-type thermocouples were employed for mea-
suring diverse temperatures, encompassing the
absorber, water, surroundings, and glass. Additionally,
measurements were taken for the ambient tempera-
ture, solar intensity, and wind speed. Entire configura-
tion is depicted in Fig. 2.

To increase the productivity during sunlight and
overnight operation, the study will look into how the
locally available energy storage materials affect the
output of solar still under same condition. A conven-
tional solar still’s daily productivity was measured by
24-hour monitoring which encompassed 9:00 AM to
9:00 AM. On an hourly basis, a number of variables,
including various temperatures, solar intensity, wind
velocity, humidity and distillation output, were
recorded. The weight proportions of the energy stor-
age materials sand, pebbles, and wick materials are
kept constant throughout the experiment, and the
input brackish water quantity variation in the experi-
ment (15, 20, and 25 liters) was taken into consider-
ation to understand its influence. In order to forecast

\ Solar irradiation

Collection
tray

Collection

bottle

Fig. 1. Schematic view of single slope conventional solar still.
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Fig. 2. Set-up for experimentation.

Fig. 3. Low-cost locally available energy storage materials.

how much water will progressively persuade a greater
quantity of distillate production, the observation was
made by adjusting the amount of input water supply.

Energy Storage Materials for Investigation

Sand, pebbles, and wick materials that are readily
available locally were gathered for the experiment.
Sand and pebbles are suitable choices for thermal stor-
age materials in solar energy systems due to their rela-
tively high specific heat capacity, which typically falls
in the range of 0.16 to 0.19 . This characteristic enables
them to effectively absorb and retain substantial ther-
mal energy when exposed to heat. Wick materials, on
the other hand, feature capillary action abilities that
facilitate liquid movement, making them useful for
cooling applications. The aforementioned materials
enhanced the rate of evaporation by increasing the
surface area of the water and increasing the efficacy of
the solar still. Figure 3 depicts photos of the several

low-cost and readily available energy storage materials
employed in this experiment.

Instruments and Measurements

This section describes the instruments used to
measure parameters like ambient temperature, solar
radiation, and temperatures within the solar stills.
During the experimentation days, the amount of solar
radiation absorbed on the surface of a solar still was
measured using a Lux Meter. Eight K-type thermo-
couples were attached at various positions in order to
measure the temperatures in both the modified and
conventional solar stills. One sensor was assigned to
monitor the water temperature within the basin (7},),
one sensor to measure the ambient temperatures (7},),
and another two sensors to record the temperatures on
both the inner and outer surface of the glass (7, and
T,,). Anemometer is being used to record the wind
velocity at that time. The TDS value in the entering tap
water and yield water was determined at the start and
APPLIED SOLAR ENERGY  Vol. 60
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Fig. 4. Temperature profiles with solar radiation for 15 L of water: (a) modified (b) unmodified still.

at the end of each working day utilizing a TH-TDS10
Digital TDS Meter. Both solar stills were subjected to
testing under identical water depth conditions, and
comprehensive measurements were taken and
recorded during each experimental run.

The standard uncertainty(o) was calculated using
the following expression [49]:

u =/,

here, o represents the accuracy of the instruments.

(1)

THERMAL ANALYSIS OF SOLAR STILL

The following equation was used to determine a
solar desalination system’s hourly thermal efficiency,
which is the ratio of freshwater hourly energy to hourly
energy input [50]:

— mwhfg
A, I(s)x 3600

The equation provided by [50] is used to determine
the latent heat of water (4y,):

by, = 2.4935
x (10° - 947.79T; +0.131327T; — 0.0047974T;)), (3)
T, < 70°C

MNen (2)

hy =3.1615(10° = 761.6T; ), T, > 70°C.  (4)

EXPERIMENTAL RESULT ANALYSIS
AND DISCUSSION

With the adjustment in the amount of water input
into the still, the thermal behavior of the conventional
type of solar still is investigated. Three different dis-
tilled water volumes (15, 20, and 25 liters) were con-
sidered for the analysis, and the number of heat-stor-
age materials (pebbles, sand) and wick materials
remained consistent throughout all trials. The consid-
erable period of May 2023 has been used for the study.

APPLIED SOLAR ENERGY  Vol. 60
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To ensure identical environmental conditions for
the trials, the experiment was conducted in two sets of
solar stills (one unmodified and one modified). The
difference between modified and unmodified still is
that modified still uses heat storage materials. The
experiment results indicate that the modified still pro-
duced 435 mL of distilled water during the day and
202 mL at night for a 20-liter batch, whereas the unmod-
ified still yielded 337 and 168 mL during the day and
night, respectively, over a 24-h observation period. These
resources are mostly used for correlations as well as to
calculate the output increase percentage when using
locally accessible heat storage materials.

Analysis of Solar Still with Different
amount of Brackish Water

Figures 4, 5, and 6 depict the distribution of tem-
perature and solar intensity over time for various
amounts of brackish water in the solar still at different
locations. It is evident from Figs. 4 to 6 that the differ-
ence in solar radiation is comparable on various trial
days and reaches its peak value between 12:00 Noon
and 2:00 PM. Additionally, it depicts the temperature
variation across numerous days of experiments with
varied amounts of water in the basin, such as (7,,,
Tbo)s (Tgom; Tgou)a (Tgima Tgiu)a and (Ta)- The tempera-
ture rises from 9:00 AM until 2:00 PM, after which it
begins to fall since all the heat-storing materials are
exposed to less solar intensity.

Throughout the experimental period in April 2022,
the solar irradiance varied from 18200 to 79200 Ix. In
the study, it was found that the temperature differen-
tial between the water in the basin and the inner sur-
face of the glass cover was more prominent during the
high radiation period, which took place between
11:00 AM and 2:00 PM. However, the temperature of
the water inside the basin and the inner surface of the
glass cover are closer to one another during the low
radiation time (from 2:00 PM to 4:00 PM). The solar
energy was not used to heat the water in the basin
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Fig. 6. Temperature profiles with solar radiation for 25 L of water: (a) modified (b) unmodified still.

during low radiation and at night times since heat-
storage materials absorb certain heat energy during
times of high radiation intensity. Furthermore, while
solar energy penetrates the glass cover, elevating both
its temperature and that of the water in the basin, the
absorption rate notably declines during periods of low
radiation. This phenomenon suggests that the tem-
peratures of the inner glass covers and the basin water
become more closely aligned during such periods.

The fluctuations in wind speed and solar irradia-
tion are shown in Fig. 7. It should be emphasized that
throughout the trial, solar radiation increased from
09:00 AM in the morning to 12:00 in the noon. Later,
it was changed from 12:00 to 4:00 PM hours in the eve-
ning. The greatest sun irradiation during this period
was recorded at 12:00 and the minimum value was
recorded at 4:00, both of which were 79200 and
33000 Ix respectively for 20 L of water input. During
these hours, the development of cloudy weather also
has a significant impact on solar radiation intensity,
which lowers system efficiency. In terms of wind
speed, the values during the conduction of all experi-
ments ranged from 3 to 24 km/h. During the observa-
tion hours for 20 liter. Water input, the direction of the

wind above the setup for the experiment changed
often. The experiment’s greatest and minimum wind
speeds were 3 and 19 km/h, respectively. Impact from
wind velocity on the glass cover’s surface speeds up
condensation, increasing production [51].

Difference in Temperature and Output
of the Suggested Solar Still

The difference in temperature between the con-
densing and evaporation surfaces has a strong impact
on the output of the solar still i.e., ‘basin water’ and
‘inner surface of the glass temperature’. The output
will increase as the temperature difference increases.
An hourly temperature difference (7, — Ty,) With
time is depicted in Fig. 8. These outcomes were
attained employing two distinct 0.48 m? conventional
type solar stills. Figure 8 shows what is evident.

The maximum change in temperature occurred in
between 10:00 AM and 2:00 PM. Nearing 10.1°C, the
still produces 63 mL of distillate for every 15 L of water
supplied. Additionally, for the 20 and 25 L of water
input during that time, the distiller still produces 58
and 38 mL of distillate, respectively. Distillate yield on
APPLIED SOLAR ENERGY  Vol. 60
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Fig. 7. Fluctuations in wind speed and solar irradiation.
hourly basis is shown in Fig. 9. This figure displays the
—=—15L fresh water production increases throughout the
c12F —+—20L morning until early afternoon as a result of an increase
< —a—25L in solar intensity and then progressively falls down.
| 10+ This figure revealed the following: at 2:00 PM, the
E solar still achieved its peak distillate outputs, yielding
“ﬁ gL 85, 86, and 73 mL, respectively, corresponding to a
8 49.41, 17.86, and 45.21% increase in output compared
§ 6L to the unmodified design. These improvements were
= achieved by varying the water input into the basin,
kS with quantities of 15, 20, and 25 liters used, respec-
% 4r tively.
£ 7L Figure 10 shows the total production for different
g water input amounts to the basin. This figure shows
S that at the beginning, the cumulative output appears
0 - . ..
. . . . . to be about equal for all the water input quantities. The

09:00 10:00 11:00 12:00 1:00 2:00 3:00 4:00

AM AM AM PM PM PM PM PM

Time, h

Fig. 8. Hourly temperature difference for various amount

of input water.
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difference in the cumulative production gets much
bigger as the day goes on.

Figure 11 depicts the production of daytime and
night-time hours over a 24-h period with varying water
inputs into the basin (9:00 AM to 9:00 AM). The dis-
tillate output of the proposed still develops during the
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Fig. 9. Hourly distillate output for various amount of water
input.

night-time hours as a result of the energy storage mate-
rials that are placed in the modified solar still’s basin
capturing energy during the day and releasing it for the
night-time hours. The 20 L of water inflows into the
basin enhance the still’s night-time production.

Thermal Efficiency of the Proposed Solar Still

Table 2 shows the changes in hourly thermal effi-
ciency for 15, 20 and 25 liters water inputs for modified
and unmodified solar still respectively. When com-
pared to conventional solar still (unmodified), the
effect of the energy storage materials on modified solar
still’s energy efficiency can be seen. The 15 L unmod-
ified solar still had a thermal efficiency of 0.482%,
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Fig. 10. Total combined output for different water input.

while the 20 L modified solar still had a thermal effi-
ciency of 43.299%, respectively, for all measured val-
ues. Even though the sun’s brightness declines after
midday, thermal efficiency.

Water Quality

The initial assessment of a tap water sample for
experimentation involves measuring and recording its
TDS (Total Dissolved Solids) and pH values. Addi-
tionally, these quality parameters are re-evaluated for
the distillate obtained at the conclusion of the experi-
ment. Subsequently, the obtained results are com-
pared against the established international standards
for drinking water quality. The outcomes of the char-

Overnight
25 L (U)

Fig. 11. Day-time and night-time output for various quantities of water input.
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Fig. 12. Percentage increase in distillate output for various quantities of input water.

acterization are presented in Table 3, indicating a
comparison with the international standards set for
drinking water quality. The TDS value of the property,
assessed for both drinking and sanitary uses, was
found to be 140 ppm, falling within the acceptable
range established by the Bureau of Indian Standards.
The World Health Organization recommends that the
TDS level in drinking water should not exceed
300 mg/L. Moreover, the minimum TDS for drinking
water should not fall below 50 ppm.

Table 2. Variation of thermal efficiency

CONCLUSIONS

One technical approach to achieving high water
production in a solar still is the use of various medium
as an energy storage medium. The performance of the
solar desalination system using sand, pebbles and wick
materials as an energy storage medium was assessed in
the current work. Additionally, the modified and con-
ventional solar stills thermal, and environmental
aspects were compared. Following tests of the modi-
fied and conventional solar still under identical mete-

15 L of water 20 L of water 25 L of water
Time hourly thermal efficiency hourly thermal efficiency hourly thermal efficiency
15 L (m) I5L (u) 20 L (m) 20 L (u) 25 L (m) 25 L (u)
09:00 AM 0 0 0 0 0 0
10:00 AM 5.2638 0.482 3.3517 0.5207 3.7958 1.6412
11:00 AM 10.1844 2.2811 7.0234 2.974 5.2867 1.7802
12:00 PM 13.9979 7.3907 12.5858 9.8412 8.745 3.2593
1:00 PM 18.0611 10.9642 18.2208 15.4248 14.3262 7.8973
2:00 PM 21.5815 10.9898 21.8366 18.0575 19.8811 10.99
3:00 PM 24.94 11.1057 27.2006 22.8912 18.1728 11.1949
4:00 PM 29.792 13.4346 43.2993 35.925 36.7347 22.3716
Table 3. Comparative analysis of water samples before and after the experimentation
Parameter Tap water Distillate output WHO standards
TDS, ppm 29500 140 500
pH 8.75 6.87 6.5t08.5

APPLIED SOLAR ENERGY Vol.60 No.3 2024
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orological conditions, the following results were
drawn:

(1) Modified solar desalination system’s water
temperature for 15, 20 and 25 liters water inputs
improve by 15.01, 17.81 and 19.61%, respectively over
conventional solar desalination system.

(2) The productivity of the water is significantly
influenced by the use of low-cost, locally available
energy storage materials.

(3) The enhanced solar desalination system
demonstrated a cumulative productivity increase of
55.281, 20.722, and 39.393% for water inputs of 15, 20
and 25 liters, respectively, compared to conventional
solar desalination systems. This improvement is
attributed to the utilization of locally available energy
storage materials for heat retention and wick materials
that enhance evaporation rates through capillary
action within the water.

(4) Maximum thermal efficiencies in modified
solar desalination systems were 90.843, 84.464, and
66.326% higher than in conventional solar desalina-
tion systems for 15, 20, and 25 liters water inputs,
respectively.

(5) The qualitative analysis of the distilled collected

revealed that its composition aligns with international
standards.

(6) In this experiment, the absence of insulation in
the solar still has led to a slightly lower yield. In future
experiments, the solar still will be insulated to substan-
tially improve the yield for both conventional and
modified devices.

ABBREVIATIONS AND NOTATION

Symbols

Ay Area of basin, m?

hy Latent heat of water, kJ/kg

1(s) Intensity of solar radiation, W/m?
1 Intensity of solar radiation, Ix X 100

Ty Temperature of inner surface of glass cover, °C
Ty Temperature of outer surface of glass cover, °C
T, Ambient temperature, °C

Ty Basin water temperature, °C

my, Hourly accumulated distillate output, mL

Nin Thermal efficiency, %

Subscript

a Ambient

b Basin

& Inner surface glass cover

£ Outer surface glass cover

w Water

m Modified

u Unmodified

L Liter
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