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Abstract: Fresh water is essential for the survival of all living organisms on Earth. The availability of fresh water is limited, while
its demand is continuously increasing due to population growth and industrialization. Oceans contain a vast amount of water,
making them a major potential source. However, seawater has high salinity and is not directly suitable for domestic use. Therefore,
there is a critical need for efficient and sustainable desalination methods. Solar still technology offers a simple, eco-friendly, and
cost-effective solution for water purification, especially in remote and rural areas using solar energy. In this study, an experiment
was designed and conducted to develop black-coated and white-coated solar stills and evaluate their performance. In this study we
investigate theoretically and experimentally the variation of the insides still air pressure in a vapor tight solar still and the effect of
inside air pressure variation on the still performance. After that comparing the performance of black and white coated solar still.
Base on experiment we observed that the temperature of the white coated still is more as compared to black coated solar still.
Experimental results shows that the distillation rate is higher in White solar still as compared to black coated solar still. Black-
coated solar still productivity is higher than white-coated solar still productivity. Water quality was evaluated by conducting tests
for hardness, chloride, and sulphate. These tests are important for assessing the suitability of water for drinking and domestic
purposes.

Index Terms — Solar Still, Heat transfer, Water purification, distill water, Water Quality.

. INTRODUCTION

A solar still distils water with substances dissolved in it by using the heat of the Sun to evaporate water so that it may be cooled and
collected, thereby purifying it [1]. They are used in areas where drinking water is unavailable, so that clean water is obtained from
dirty water or from plants by exposing them to sunlight. Potential of solar energy in India. The average intensity of solar radiation
received over India is 200 MW/km square (megawatt per kilometre square) with 250-325 sunny days in a year 2019 [2-3]. Solar
energy 6 intensity varies geographically in India, but the highest annual global radiation is received in Rajasthan and northern
Gujarat. Most of our earth surface is covered by water; however, less than 1% of total available water is fresh water which is mostly
available in lakes, rivers and underground. Again, about one-third of that potential fresh water can only be used for human needs
due to mixed factors [4-6]. Approximately 1.1 billion people in this world have inadequate access to safe drinking water. There are
26 countries do not have enough water to maintain agriculture and economic developments [7].

India receives the solar energy equivalent of more than 5000 trillion kWh/year. Depending on the location, the daily incidence
ranges from 4 to 7 kwWh/m?, with the hours of sunshine ranging from 2300 to 3200 per year [8, 9]. Recent research has shown that
India has a vast potential for solar power generation since about 58% of the total land area (1.89 million km?) receives annual
average Global insolation above 5 KWh/m? /day. Indeed, at present efficiency levels, 1% of land area is sufficient to meet electricity
needs of India till 2031 [10, 11].

Solar still is possibly the oldest method of desalination of water. Its principle of operation is the greenhouse effect; the radiation
from the sun evaporates water inside a closed glass covered chamber at a temperature higher than the ambient [12-13]. The saline
water is fed on a black plate in the lower portion of the solar distiller. The heat of the sun causes the water to evaporate and water
vapor condenses to form purely distilled droplets of water when it reaches the cool transparent leaning surface made of glass or
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plastic. The droplets slide down along the leaning surface and are collected through special channels located under the leaning
surface [14-15]. The Figure 1 shows a solar desalination / solar distillation system coupled with a flat-plate collector. In simple
terms, it uses sunlight to heat salty or impure water, evaporate it, and then collect cleaner water.

I. Working Principle OF Solar STILL

Step 1: Solar heating
Sunlight falls on:
e The flat plate collector, and
e The solar still basin.
This increases the temperature of the water.
Step 2: Water gets heated further by the collector
The pump circulates water through the flat plate collector, where it gains extra heat.
That hot water then enters the still, raising the basin water temperature faster than in a simple solar still.
Step 3: Evaporation
As the saline/brackish water in the basin gets hot:
e |tevaporates
e Dissolved salts and many impurities are left behind
Step 4: Condensation
The vapor rises and touches the inner surface of the sloping cover, which is relatively cooler.
So the vapor:
e Condenses into droplets
e Flows down the sloped cover
Step 5: Distillate collection
The droplets move to the drainage side and are collected as fresh/distilled water.

SINGLE BASIN SINGLE SLOPE SOLAR STILL WITH REFLECTOR
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Figure 1. Single basin single slope solar still with reflector

1. OBJECTIVE OF THE WORK

Solar desalination systems are promising alternatives with low cost to meet the water scarcity problem. But the major drawback is
their low productivity compared to the other conventional desalination systems (Fath et al.1998). Researchers fabricated different
types of solar stills and used them with various parameters and techniques to improve its distillate productivity. The efficiency of
the solar stills depends upon the following performance parameters:
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To investigate theoretically and experimentally the variation of the insides still air pressure in a vapor tight solar still and
the effect of inside air pressure variation on the still performance.

By integrating the improved solar still with the auxiliary system consisting of sediment and UV filters, to develop a water
purification system for domestic application particularly in rural areas or even in urban locations with ample space and
sunshine.

Comparing the performance of black and white coated solar still.

Comparing the quality of water black and white coated solar still

I11. EXPERIMENTAL ANALYSIS

The system consists of an insulated metallic basin covered with a transparent glass cover.

The basin is fabricated using GI (Galvanized Iron) sheets with a base area of 1.0 mx 1.0 m.

It is designed as a double-walled structure with a 1-inch thick thermocol layer sandwiched between the walls to minimize
heat losses.

The inner surface of the basin is coated with black epoxy paint to enhance solar absorptivity.

The outer walls are painted with silver enamel paint to reduce thermal losses and approximate adiabatic conditions.

A5 mmthick transparent glass cover is placed on top of the still to allow solar radiation to enter and facilitate condensation.

Design Modifications

A .

o~

The condensate collection channel initially lacked proper slope, resulting in inefficient water flow.

The slope was corrected using glass putty to ensure smooth drainage of condensed water.

Another issue observed was the absorption of condensed water by the insulating material. This problem was resolved by
covering the insulator with a non-absorbing material (cello tape), preventing water loss.

This pipe bent due to intense solar heat. The electrical pipe was then replaced with a high-temperature-resistant pipe.

To allow water to flow, one side of the still was slightly raised by 5 mm.

Figure 2. Experimental Setup of black coated solar still model Figure 3 Experimental Setup of white coated solar still model

IV. RESULT

For a comprehensive evaluation of the solar stills, this chapter presents the experimental results obtained from black-coated and
white-coated inner-wall solar stills. The findings are illustrated using line diagrams, photographs, and tables to facilitate a clear
understanding of the thermal behavior and performance characteristics of the systems. The analysis includes a comparison of
temperatures at different locations within the still, namely basin, ambient, water, glass, and vapor temperatures (Figure 4), hourly
variations in basin temperature (Figure 5) and glass temperature (Figure 6) for both configurations, the variation of the temperature
difference between water and glass surfaces (Tw—Tg) with time (Figure 7), hourly distillate output (Figure 8), and the variation of
the convective heat transfer coefficient between water and glass surfaces with respect to time (Figure 9). These results provide
valuable insights into the influence of inner-wall coating on heat transfer and productivity, thereby contributing to the identification
of suitable measures for enhancing the performance of solar stills
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Figure 4. Comparison between different location Temperatures (Basin Temperature, Ambient Temperature, Water
Temperature, Glass Temperature, Vapor Temperature)
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Figure 5. Hourly Variation of Temperature of basin for Black Inner Wall and White inner wall solar still for a day
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Figure 6. Hourly Variation of Temperature of Glass for Black Inner Wall and White inner wall solar still for a day
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Figure 7. Difference between Water Temperature and Glass Temperature (Tw-Tg) with respect to time for Black Inner Wall and
White inner wall solar still for a day
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Figure 8. Hourly Variation Of Output of Black Inner Wall and White inner wall solar still for a day
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Figure 9. Variation of convective heat transfer coefficient between water and glass with respect to time for white and black inner

wall
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V. QUALITY OF WATER

Water quality was evaluated by conducting tests for hardness, chloride, and sulphate. Hardness was determined using the EDTA
titration method, which measures the concentration of calcium and magnesium ions in water. Chloride content was estimated by
the Mohr's titration method using silver nitrate and potassium chromate indicator. Sulphate concentration was determined by the
turbidimetric method, where sulphate ions react with barium chloride to form a white precipitate of barium sulphate. These tests
are important for assessing the suitability of water for drinking and domestic purposes.

Table 1. Test result of water in Hardness, Choride and Sulphate

Test Before Treatment (mg/L) After Treatment (mg/L) After Treatment (mg/L)
(Sample 1) Normal water (Sample 2) Black coated (Sample 3) White coated

Hardness | 850 70 75

Chloride | 734.77 35 375

Sulphate | 490 NTU 150 NTU 160NU

VI. CONCLUSION

The solar still was designed and fabricated with enhancements aimed at improving daily distillate yield and overall efficiency. The
study also examined the influence of key operating parameters, including internal pressure variations, glass cover conditions, flow
rate, and time-dependent output behavior. Based on the experimental investigation, the following conclusions were drawn:

The temperature attained in the black-coated solar still was higher than that observed in the white-coated solar still,
indicating improved solar absorption.

The rate of distillation was greater in the black solar still compared to the white solar still, demonstrating enhanced
productivity.

The overall efficiency of the black-coated solar still was superior to that of the white-coated system.
An increase in ambient temperature and/or solar radiation intensity results in higher productivity of the solar still.

The Black (Sample 2) and White (Sample 3) inner coated solar still experimental results are shows that temperature of the
White solar still is more as compared to black coated solar still.

Experimental results shows that the distillation rate is higher in White solar still as compared to black coated solar still.

Black-coated solar still productivity is higher than white-coated solar still productivity.
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