engineering
proceedings

Proceeding Paper

Experimental Research on the Effect of Different Controllable
Parameters on Solar Still Productivity: A Parametric Study *

Mansoor Ali Zaheer !, Nawaf Mehmood Malik 2*{, Muhammad Shahmeer ! and Mubeen Shehzad !

check for

updates
Academic Editors: Muhammad
Mahabat Khan, Muhammad Irfan,
Manzar Masud and Ghulam Asghar

Published: 16 October 2025

Citation: Zaheer, M.A.; Malik,
N.M.; Shahmeer, M.; Shehzad, M.
Experimental Research on the Effect
of Different Controllable Parameters
on Solar Still Productivity:

A Parametric Study. Eng. Proc. 2025,
111,7. https://doi.org/10.3390/
engproc2025111007

Copyright: © 2025 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

Department of Mechanical, Industrial and Energy Systems, CET, University of Sargodha,

Punjab 40100, Pakistan; mansoor.zaheer@uos.edu.pk (M.A.Z.); shahmeer190316@gmail.com (M.S.);
mubeenshehzad547@gmail.com (M.S.)

Department of Mechanical Engineering, School of Mechanical and Manufacturing Engineering (SMME),
National University of Sciences and Technology, Islamabad 44000, Pakistan

*  Correspondence: nawaf998428@gmail.com

Presented at the 5th International Conference on Advances in Mechanical Engineering (ICAME-25),
Islamabad, Pakistan, 26 August 2025.

Abstract

Water scarcity is one of the most major issues the world is facing at the moment. Solar
still is one of the most economical and environment friendly technologies for desalinizing
brackish and salty water. An experimental study on controllable parameters affecting the
performance of a basin-type single-slope solar still was conducted in order to optimize
them to achieve maximum productivity. The effects of three parameters, i.e., the basin water
depth, the thickness of the glass cover, and glass cover cooling, on the distillate output of
the solar still were studied. The effects of basin water depths of 2 cm, 3 cm, and 4 cm were
tested experimentally, and the cumulative distillate output observed was 1.614, 1.444, and
1.386 L/day respectively. Glass cover thicknesses of 4 mm and 6 mm were used and the
distillate output at these glass thickness was 1.587 and 1.078 L/day. In the comparative
analysis of solar still performance with and without water showering, a distillate output of
2.022 L/day was found in the case of water showering, and an output of 1.587 L/day was
observed in the case of no water showering on the glass cover.

Keywords: solar still; basin water depth; glass cover thickness; glass cover cooling

1. Introduction

As the population of the world increases rapidly, the demand for fresh water is also
increasing. The majority of water present in the form of lakes, seas, and oceans is saline
and unfit for human consumption [1]. According to the UNO, 2.2 billion people across the
globe lack access to fresh drinking water [2]. The desalination of water using solar energy
is one of the most economical and feasible solutions to this problem, as solar energy is
totally free and readily available. One of the simplest solar desalination technologies is the
solar still [3].

A solar still separates salts and contaminants from water by heating it with solar
energy. Polluted water is evaporated and the vapor formed is condensed on a clear sloping
glass cover to yield distilled water [4]. One major issue with solar still technology is that
it has a low distillate output and requires a large surface area for a reasonable distillate
output [5]. Extensive research has been carried out in the past on different techniques
to enhance the distillate output of solar stills, including glass cover cooling, electrical
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heater utilization to heat the basin water, external condensation, and the use of phase
change materials [6].

Jam et.al conducted a study on the use of thermoelectric cooler modules to improve the
productivity of a solar still, and a 570% yield enhancement was observed after connecting
the hot side of the modules with the base plate and the cold side with the solar still’s glass
cover [7]. AlKtranee et.al investigated the experimental effect of the Fresnel lens on solar
still distillate enhancement, and an increase in output of up to 68.6% was observed after
using the Fresnel lens on the solar still [8]. Attia et.al used different materials for the base
plate in solar stills, and the solar still with a copper base plate produced the maximum dis-
tillate output compared to solar stills with base plates made of steel and zinc [9]. Muguran
et.al investigated the effect of basin pressure on solar still productivity and found that a low
basin pressure led to higher rates of water evaporation and condensation, and ultimately to
a higher distillate output [10]. Nagaraju et.al found that the distillate output was increased
by up to 71.4% by placing a sand trough in the basin water [11]. The external mirror effect
of concentrating sunlight on the basin water was studied by Al-Mezeini el.al, and it was
noted that with the external mirror, the distillate output of the solar still increased from
2.68 L/day to 3.075 L/day [12]. Kabeel et.al investigated the effect of red bricks coated
with cement on solar still productivity, and found that the distillate output increased to
5.6 kg/day from 2.6 kg/day after using the cement-coated bricks [13]. In another study,
Kabeel et.al used hollow circular-shaped copper fins and paraffin wax (PCM) in the tank
below the absorber plate, and the distillate output observed was 8.1 L/m?/day, whereas the
output of the conventional solar still was 4.02 L/m? /day [14]. Shoeibi et.al investigated the
effect of thermoelectric heating and cooling on a solar still with a double slope glass cover,
and observed a productivity enhancement of 2.32 times as compared to a conventional
solar still [15]. Siddula et.al, through experimental investigation, found that the distillate
output of a triangular-basin solar still was 3.67 kg/m?, a relative increase compared to that
of a square-basin solar still, which was found to be 3.29 kg/ m? [16].

The parameters affecting solar still output can be categorized into two types: con-
trollable parameters and uncontrollable parameters [17]. Details on these parameters are
shown in Figure 1.
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Figure 1. Parameters affecting solar still productivity.
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The objective of this research was to experimentally examine the effect of various
controllable parameters, i.e., the basin water depth, the thickness of glass cover, and glass
cover cooling, on the productivity of a basin-type single-slope solar still. Separate testing
was performed for each parameter in order to find its optimized value for maximum solar
still productivity.

2. Experimental Setup

The experimental setup consisted of a passive basin-type solar still with a single-slope
glass cover. The solar still was made of mild steel [18]. Transparent glass with thicknesses
of 4 mm and 6 mm was used. The glass inclination angle was kept at 32° in relation
to the latitude of the location in which the testing was performed (i.e., Sargodha) [19].
The dimensions of the solar still are shown in Table 1. The water level was maintained
constant using a solenoid valve and a water level sensor. The temperature of the metal
body, outside of the glass, inside of the glass, basin water, and basin was measured using
five thermocouples (DS18B20). All the thermocouples were connected to a microcontroller
(ESP32). The system was programmed to upload logged parameters such as the water
temperature, glass cover temperature, and metal body temperature to the Thing Speak
cloud each minute for remote analysis and monitoring. The microcontroller also regulated
the solenoid valve. The specifications of the electrical components are shown in Table 2.
Distilled water was collected using a graduated cylinder, and production was measured
hourly. Showering of water droplets on the outside section of the glass was also performed
manually. The experiments were carried out using glass with thicknesses of 4 mm and
6 mm. The effect of varying water depths on productivity was also analyzed. The solar still
was airtight and sealed using silicone.

Table 1. Dimensions of solar still.

Mechanical Components Dimensions
Material used: mild steel 1.9 mm (thickness)
Solar still basin area (length x width) 1.06 m? (1470 mm x 725 mm)
Glass (4 mm and 6 mm) 831 mm x 1450 mm
Height from front side 100 mm
Height from back side 555 mm
Glass inclination 32°

Table 2. Electrical component specifications.

Component Purpose Specifications Accuracy
Esp 32 (microcontroller) WIFI-based microcontroller used for 32-bit LX6 microprocessor, )
p uploading data to Thing Speak cloud 520 KiB of RAM
DS18B20 sensor Waterproof digital temperatqre sensor.for Tempeorature rangoe of 105°C
measuring temperature at various locations —55°C to +125 °C

Water level sensor

Capacitive-type water sensor used to

maintain water at fixed level DC3-5V, Less than 20 mA +0.2%

Solenoid valve

12 V normally closed solenoid valve used to 12 V DC, pressure range
maintain water level in basin from vacuum to 115 PSI

A detailed schematic diagram of the single-slope solar still, with labeled dimensions,
is shown in Figure 2.
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Figure 2. Solar still schematic diagram with labeled dimensions.
The solar still CAD model and experimental setup are shown in Figure 3.
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Figure 3. (a) Solar still CAD model; (b) solar still experimental setup.

3. Results and Discussion

This section explain the experimental effect of the three different parameters (basin
water depth, glass cover thickness, and glass cover cooling) on the performance of the
solar still. The experiments were conducted in Sargodha Punjab, Pakistan, in April, from
8:00 a.m. to 5:00 p.m.

3.1. Effect of Basin Water Depth

The basin water depth has a significant effect on the performance of the solar still. In
this study, different experiments were performed with water depths of 2 cm, 3 cm, and 4 cm.
The hourly and accumulated distillate output at these water depths is shown in Table 3.
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Table 3. Comparison of distillate output with different water depths.
Time Distillate Output at 2 cm Distillate Output at 3 cm Distillate Output at 4 cm
Water Depth (mL) Water Depth (mL) Water Depth (mL)
8-9 85 65 35
9-10 135 89 73
10-11 220 104 96
11-12 225 215 189
12-13 240 265 249
13-14 278 245 245
14-15 190 176 180
15-16 146 152 170
16-17 95 133 149
Cumulative 1614 1444 1386

This study shows an inverse relation between water depth and productivity. With
an increase in the water depth, a decrease in solar still productivity was observed. Hourly
readings of solar irradiance were recorded separately in each water depth case, and are
shown in Table 4. It can be clearly seen that the values of solar irradiance are almost the
same for these three cases, so a good comparative analysis can be drawn for the distillate
output with varying basin water depths. The highest yield was recorded with the minimum
water depth of 2 cm, while the lowest yield was recorded with maximum depth of 4 cm, as
shown in Figure 4.
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Figure 4. Hourly and accumulated distilled water output of solar still (with water depths of 2 cm,
3 cm, and 4 cm).

The rate of evaporation increases with a decrease in water depth due to an increase
in the basin water temperature. At a lower water depth level, the solar energy is more
efficiently absorbed by the water as compared to with a large volume of water. The
maximum productivity for each water depth was observed between 12 and 2 p.m. It can be
easily observed from Figure 4 that the solar radiation remained almost the same throughout
the observation period in each case.
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Table 4. Comparison of solar irradiance in different water depth cases.

Time Solar Irradiance at 2 cm Solar Irradiance at 3 cm Solar Irradiance at 4 cm
Water Depth (W/m?) Water Depth (W/m?) Water Depth (W/m?)
8-9 643 645 647

9-10 801 804 806

10-11 907 909 911

11-12 948 950 952

12-13 924 926 928

13-14 831 838 840

14-15 691 693 695

15-16 499 502 504

16-17 278 280 282
Cumulative 6522 6547 6565

3.2. Effect of Glass Cover Thickness

The impact of glass cover thickness on the productivity of the solar still was studied
by comparing 4 mm and 6 mm glass thicknesses. The water depth was kept the same (i.e.,
2 cm) in all cases. Hourly distillate outputs were recorded from 8:00 a.m. to 5:00 p.m., as

shown in Table 5.

The trend of hourly productivity can be seen in Figure 5. The total distillate output
when using the 4 mm and the 6 mm glass cover was 1587 mL and 1078 mL. The productivity
of the solar still with the 4 mm glass cover was 32% higher than that of the solar still with
the 6 mm glass cover. The 4 mm glass has higher solar transmittance as compared to
the 6 mm glass, which allows the more solar radiation to reach the water surface and

consequently increases the rate of evaporation.
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Figure 5. Hourly and accumulated distilled water output of solar still with 4 mm and 6 mm glass covers.
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The 6 mm glass is thicker, so it allows less solar radiation to reach the water. The
temperatures of the basin water were marginally higher in the case of the 4 mm glass cover.
Thinner glass warms up more rapidly and enables faster heat transfer.

Table 5. Comparison of distillate output with glass thicknesses of 4 mm and 6 mm.

Time Distillate Output with 4 mm Glass Cover (mL) Distillate Output with 6 mm Glass Cover (mL)
89 72 39
9-10 84 46
10-11 114 93
11-12 160 128
12-13 278 162
13-14 305 176
14-15 245 116
15-16 197 204
16-17 132 114
Cumulative 1587 1078

3.3. Effect of Glass Cover Cooling

This section evaluates the performance of two configurations of the solar still: one with
a glass thickness of 4 mm under standard conditions, and the other with 4 mm glass and
manual showering of the glass cover to increase the condensation rate. The experiments
were conducted from 8:00 a.m. to 5:00 p.m. and the hourly distillate output was recorded,
as shown in Table 6. In the second configuration, the glass surface was cooled by manual
showering every 30 min.

This experimental study revealed that cooling down the glass surface increases the
condensation rate, and as a result, productivity is enhanced. The hourly and accumulated
output of the solar still (with and without showering) is shown in Figure 6.
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Figure 6. Hourly and accumulated distilled water output of solar still with 4 mm glass cover (with
and without showering).
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The curve shows that from 9:00 a.m. to 12 p.m., both of the systems—with and without
showering—show almost the same results. At 1:00 p.m., the setup yields the highest
productivity of 368 mL (with glass cover cooling) and 278 mL at the same time (in the
case of no glass cover cooling). Overall, the curve shows that productivity increases with
enhanced solar radiation, reaching its maximum at 1:00 p.m. and then declining due
to lower radiation intensity. The solar still performs much better with the glass cover
cooling mechanism, due to there being a greater temperature difference between the basin
water and glass cover [20]. In terms of accumulated productivity, the system with water
showering on the glass cover shows higher performance (2022 mL) at the end of the day as
compared to the setup with no glass cover cooling mechanism (1587 mL).

Table 6. Comparison of distillate output of solar still with 4 mm glass with and without showering.

Time Distillate Output of Solar Still with 4 mm Distillate Output of Solar Still with 4 mm
Glass Cover Without Showering (mL) Glass Cover with Showering (mL)
89 72 54
9-10 84 76
10-11 114 152
11-12 160 182
12-13 278 368
13-14 305 326
14-15 245 344
15-16 197 296
16-17 132 224
Cumulative 1587 2022

4. Conclusions

This study demonstrates the effect of three controllable parameters, i.e., basin water
depth, glass cover thickness, and glass cover cooling, on the distillate output of a basin-type
single-slope solar still. The optimized values of these parameters to achieve the maximum
distillate output of the solar still were experimentally investigated. Separate experimental
studies were conducted to observe the effect of each parameter independently. It was
observed that with an increase in the water depth in the basin from 2 cm to 4 cm, the
distillate output of the solar still decreased, so an inverse relation was found between the
basin water depth and the distillate output of the solar still. The values of distillate output
at2, 3, and 4 cm were found to be 1.614, 1.444, and 1.386 L/day respectively, so the solar
still performance was 10.5% better with a water depth of 2 cm than with a depth of 3 cm,
and 14.1% better than with a 4 cm water depth, in terms of distillate output.

The relation between distillate output and glass cover thickness was also found to
be inverse. The solar stills with glass cover thicknesses of 4 mm and 6 mm produced a
distillate output of 1.587 L/day and 1.078 L/day respectively, so the solar still with the
4 mm glass cover thickness showed a 32% better output than the solar still with a 6 mm
glass cover.

Glass cover cooling showed a positive effect on the distillate output of the solar
still. The distillate output of the solar still was observed to be 2.022 L/day, which was
21.5% higher than that of the solar still without the glass cover cooling mechanism, at
1.587 L/day.

The performance of the solar still reached its maximum (2.022 L) with a water depth
of 2 cm, glass cover thickness of 4 mm, and cooling mechanism for the glass cover.
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