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CHAPTER I
INTRODUCTION
1.1 INTRODUCTION

 Energy is one of the major building blocks of modern society. It pervades all sectors of society; economics, labour, environment, international relations in addition to our own personal living. Energy is not created or destroyed but just converted or redistributed from one from to another. (G.N.Tiwari, M.K.Ghosal, 2007). A great shortfall or price rise in the supply of energy resources to an economy is called as energy crisis. The energy crisis of the earlier days has taught the world a lesson to learn from experiences and to make alternate arrangements well in advance, for the harder days that are expected to come in future not far away. Any energy crisis is any great bottleneck in the supply of energy sources to the economy. It usually refers to the shortage of oil and additionally to electricity or other natural resources. An energy crisis maybe referred to as an oil crisis, petroleum crisis, electricity shortage. The cause maybe due to over consumption, ageing infrastructure and sometimes bottlenecks at oil refineries and port facilities restrict fuel supply. A crisis could possibly emerge after damage from severe storm. (K.K.Goyal, 2009).
1.2 CLASSIFICATION OF ENERGY RESOURCES
 (a)Non renewable energy resources:

.Resources which are finite and do not get replenished after their consumption after their consumption is called Non-renewable energy resources. Eg. fossil fuels (coal, oil, and gas), nuclear energy etc. (B.H.Khan, 2006).
(b)Renewable energy resources:

Resources which are renewed by nature again and again and their supply are not affected by the rate of their consumption are called Renewable energy resources. Eg. solar energy, wind energy, biomass energy, biogas energy, geothermal energy, sea wave energy, tidal energy, ocean thermal conservation, hydrogen energy. (B.H.Khan, 2006).

1.3 SOLAR ENERGY
The sun is the source of most of the energy used on earth.  This energy begins with nuclear fusion reactions deep within the sun’s interior. It flows outward to the surface of the sun, then into space in all directions in the form of electromagnetic radiation. The temperature at the surface of the sun is 5,500ºC but by the time a tiny portion of this energy reaches earth approximately 150 million kilo meters away.  (G.R.Chhatwal, 1998). Solar energy is a very large, inexhaustible source of energy. The power from the sun intercepted by the earth is approximately 1.8x1011 MV which is many thousands of times larger than the present consumption rate on the earth of all commercial energy sources. Thus in principle, solar energy could supply all the present and future needs of the world on a continuing basis. This makes it one of the most promising of the non-conventional energy sources. (S.P.Sukhatme, 2008). The important fact about solar energy is that the sun’s beams are so powerful that if we convert that into energy it would mean that Earth will never run out of energy for at least another four point five billion years according to scientists.  The sun does not create any other hazardous by products which could harm the natural environment. During the early fifties solar energy was looked upon as an alternative to manmade energy resources. Through much research it was found energy could be acquired at much cheaper source. The demand for solar energy has grown substantially within the range of 20-25% over the last twenty years. Solar energy is able to support household gadgets, lighting and water heaters. As of the moment, solar energy is more heavily priced but in the near future with the growth in technological studies, it will bring down the costs and also increase its efficiency. Solar energy is to generate 2.5% of the world’s energy use by 2025. Solar energy is the fastest growing technology. (http://www.excellentarticledirectory.info/getting-the-facts-regarding-solar-energy-2/). 
All forms of energy on the earth are derived from the sun. The Sun is our parent star and is the fire sustains all life. Its mass is 330000 times that of our earth. Its diameter is about 6.96 lakh kilometer and contain 335000 billion cubic miles of violet hot gases that weigh more than 2000 quadrillion tons. At the heart of this incandescent giant is the thermo-nuclear fusion which steadily feeds on its own matter-explosively fusing hydrogen atoms into lighter helium atoms at an estimated 30 million degrees and releasing tremendous amount of energy that raise the sun’s internal temperature to a mind boggling 18 million degrees of centigrade. Only a fraction of this prodigious output reaches our planet. The solar energy is received in the form of electromagnetic waves. Roughly 35 percent of this radiation is absorbed by clouds, water vapour, dust, salt, and smoke particles. Another 18%absorbed by the atmosphere and about 47% reaches the earth. Thus the total radiation received at the earth surface consists of direct and diffuse radiation. (S.K.Agarwal, 2005).

1.3.1 BENEFITS OF SOLAR ENERGY
Benefits of solar energy are greatly reduced pollution, greatly reduced contribution to global warming, Infinite energy resource, Reduced maintenance costs, Falling production costs, Low running costs, Health and safety benefits, Reliability(http://www.alternate-energy-sources.com/advantages-of-solarenergy.html)
1.3.2 APPLICATION OF SOLAR ENERGY
Applications of solar energy are Solar water heating, Solar distillation on a small community scale, Salt production by evaporation of sea water, Solar cookers, food refrigeration, Solar furnaces, Heating and cooling of residential buildings, Solar ponds, Solar electric power generation. (G.D.Rai,2006)
1.4 NEED FOR SOLAR STILL
Clean air and potable water are the two most important components of life. The supply of drinking water is one of the major problems in developing countries. Clean water is a basic human necessity and without water the life will be impossible. Nowadays the pollution in rivers and lakes by industrial effluents and sewage disposal resulted in scarcity of fresh water in many big cities around the world. It is known that only 3% of water on planet earth is fresh water where only 1% is available for humanity for use and the rest is polar ice. (Salah abdallah et al, 2007). Much of the world’s population does not have access to safe drinking water which is the main cause of water born diseases. Hence we must find new and reasonable ways of producing pure water from brackish or saline water. (V.K.Dwivedi, G.N.Tiwari, 2008). Solar water distillation is a technology with very long history that can be used for water purification in remote areas and arid zones because of great solar potential and abundance of saline or brackish water sources. (Salah abdallah et al, 2007).

1.5. SOLAR STILL
The production of potable water from saline or brackish water using solar energy is called solar distillation. The first recorded use was by 16th century Arab alchemists. The first large scale solar distillation project was constructed in 1872 in the Chilean mining town of Las Salinas. This plant, which has solar collection area of 4,700m2 still could produce up to 22,700 litres per day and operated for 40 years. Individual still designs include single slope, double slope, vertical, conical, inverted absorber, multi wick and multiple effect. These still can operate in passive, active or hybrid modes. (A. Rajeev Janya, 2009). Direct utilization of solar energy for desalination is by solar stills. Solar energy can be used directly to evaporate water from the sea or brackish water and other impaired waters for household or community water supplies. Construction of solar still is simple and is most suitable for areas where the hardware sources are limited. Solar distillation exhibits considerable economic advantage over other present technologies because of its use of free energy and very low operating costs. Distillation with solar energy is most favorable process for small compact water desalting at geographical locations where there is considerable solar radiation. Another advantage is its simplicity as it requires low operation and maintenance skills and is highly reliable. Solar stills have been proven to be successful in removal of bacteria, volatile and non-volatile contaminants if proper care were taken to eliminate the contamination of distillate with the feed water. Solar still can provide necessary daily amount of drinking water for water scarce and drought areas. (Veera Gnaneswar Gue et al., 2010).  

1.6. PARTS OF A SOLAR STILL
Solar still is a device to desalinate impure water like brackish or saline water. It is a simple device to get potable/fresh distilled water from impure water, using solar energy as fuel, for its various applications in domestic, industrial and academic sectors. 

A solar still consist of a shallow basin .Bottom of the basin is painted black so as to absorb solar heat effectively. Top of the basin is covered with transparent glass tilt fitted so that maximum solar radiation can be transmitted in to the still. Edges of the glass are sealed with the basin using tar tape so that the entire basin becomes air tight. Out let is connected with a storage container.  Provision has been made to fill water in the still basin. A window is provided in the basin to clean the basin from inside. Water is charged in to the basin in a thin layer. (http://www.geda.org.in/solar/so_slr_still.htm).
1.7. WORKING OF SOLAR STILL
 
A solar still is a very simple way for distilling water which is powered by the heat of the sun. Construction and operation of a single basin solar still is very simple. The still consist of impervious material which contains brackish water. A sloping transparent cover is provided at the top. Solar radiation is transmitted through the cover and is absorbed in the black lining. It thus heats up the water and causes it to evaporate.  

A black-painted basin contains brackish or sea water. This is enclosed in a completely airtight area formed by a transparent cover. Incident solar radiation is allowed to enter the basin through the top cover. Consequently, water contained in the basin heated up and evaporated in the saturated conditions inside the still. Water vapour rises until they come in contact with the cooler inner surface of the cover. There they condense as pure water, run down along the cover bottom surface due to gravity and is collected by using drainage. The construction of this type of still can easily be performed by even people at rural area using the locally available materials. (K.Kalidasa Murugavel et al., 2007)
1.8. ADVANTAGES OF SOLAR STILL
Solar Stills have got major advantages over other conventional Distillation / water purification /de-mineralization   systems    as follows:  

1. Produces pure water                           5. No prime movers required 

2. No conventional energy required         6. No skilled operator required 

3. Local manufacturing/repairing             7. Low investment 
4. Can purify highly saline water             8. No fuel costs

(http://www.geda.org.in/solar/so_slr_still.htm)
1.9. APPLICATIONS OF SOLAR STILL
· Purifying salt- and brackish water

· Clean water supply for family needs hospital or dispensary, etc.          (http://cd3wd.com/cd3wd_40/vita/solrstl2/EN/SOLRSTL2.HTM)

1.10. OBJECTIVE OF THE STUDY
· To covert the brackish water into portable water

· To study the performance of still with and without electrical temperature controller
CHAPTER II

REVIEW OF LITERATURE

2.1 INTRODUCTION
Distillation has long been considered a way of making salt water drinkable and purifying water in remote locations. As early as the fourth century B.C., Aristotle described a method to evaporate impure water and then condense it for potable use. The first modern solar still was built in Las Salinas, Chile, in 1872, by Charles Wilson. It consisted of 64 water basins (a total of 4,459 square meters) made of blackened wood with sloping glass covers. This installation was used to supply water (20,000 liters per day) to animals working mining operations. During the 1950s, interest in solar distillation was revived, and in virtually all cases, the objective was to develop large centralized distillation plants. In California, the goal was to develop plants capable of producing 1 million gallons, or 3,775 cubic meters of water per day. However, after about 10 years, researchers around the world concluded that large solar distillation plants were much too expensive to compete with fuel-fired ones. So research shifted to smaller solar distillation plants. In the 1960s and 1970s, 38 plants were built in 14 countries, with capacities ranging from a few hundred to around 30,000 liters of water per day. Of these, about one third have since been dismantled or abandoned due to materials failures. None in this size range are reported to have been built in the last 7 years. Despite the growing discouragement over community-size plants, McCracken Solar Company in California continued its efforts to market solar stills for residential use. Worldwide interest in small residential-units is growing.

Khaled M.S. Eldalil (2010) presented a new concept of active vibratory solar still. The vibratory excitation effect is accounted by two new parameters the ‘vibratory performance gain and ‘vibratory power effect’. The productivity due to added backed helical wires is found to be 3.4 l/m² day, with in efficiency of about 35%, and the productivity with vibration is increased to be 5.8 l/m² day and the average daily efficiency is about 60%. The nocturnal production ranges from 38% to 57%.  

Mahmoud I.M. Shatat and K. Mahkamov (2010) described the performance of a multi stage water desalination still connected to a heat pipe evacuated tube solar collector with aperture area of 1.7 m². The multi stage solar still water desalination system was designed to recover latent heat from evaporation and condensation processes in four stages.

The main objective of this work which is carried out by A.K. Kabeel et al., (2010) was to estimate the water production cost for different types of solar still. The results show that the best average a maximum daily productivity are obtained from solar stills of single slope and pyramid shaped. The higher average annual productivity for a solar still is about 1533 l/m² using pyramid shaped while the lower average annual productivity is about of 250 l/m² using modified solar stills with sun tracking. The lowest cost of distilled water is obtained from the pyramid shaped solar still.

A new radiation model for a single-slope solar still has been developed by M. Feilizadeh et al., (2010) which for the first time takes into account the effect of all walls of the still on the amount of incident solar radiation on the water surface and each wall. In this model, the walls are projected on the cover to calculate the amount of beam radiation received by any components inside the still. The results show that the effect of the back and side walls is not inconsiderable and they should taken into consideration to improve the accuracy of the thermal radiation analysis of single slope solar still performance.

A new design of a stepped solar desalination system with flash chamber was investigated by. El-Zahaby A.M, et al., (2010). The main objective of the investigations was to study the performance of step-wise water basin coupled with a spray water system by augmenting desalination productivity through using air heaters. It was found that the productivity and performance of the system are significantly positive dependent on both inlet sea water temperature and the power consumed. They decrease with the increase of inlet impure water temperature. 

The effect of insulation on the productivity of a basin type solar still is verified by Abdul Jabber N.Khalifa et al., (2009). Solar stills with insulation thickness of 30, 60 and 100 mm are investigated and the results are compared with those obtained for still without insulation. It was found that the insulation thickness has a significant impact on the productivity of the still up to a thickness of 60 mm. The insulation thickness could influence the productivity of the still by over 80%. 

A.E. Kabeel., et al (2009) has presented a paper on concave wick surface which was used for evaporation whereas four sides of a pyramid shaped still were used for condensation. Use of jute wick increased the amount of absorbed solar radiation and enhanced the evaporation surface area. A concave shaped wick surface increases the evaporation is due to the capillary effect. Results show that average distillate productivity in day time was 4.1 l/m² and maximum instantaneous system efficiency of 45% and average daily efficiency of 30% were recorded. 

Hiroshi Tanaka (2009) has presented a theoretical analysis of a tilted wick solar still with an external flat plate reflector. The external reflector was inclined slightly forward to make the reflected sunrays hit the basin liner of the still effectively. The daily productivity of a basin type still can be increased about 70% to 100% with a very simple modification using internal and external reflectors. The experimental results and the theoretical predictions were in fairly good agreement, especially on clear days.

Hiroshi Tanaka (2009) has presented a theoretical analysis of a tilted wick solar still with an external flat plate reflector. The reflector is assumed to be able to be inclined forwards or backwards according to the seasons. We theoretically predicted the daily amount of distillate of the still throughout the year, which varies with the inclination angle of both the still and reflector. We found the optimum inclination angle of the still as well as the optimum inclination angle of the reflector for each month at 30°N latitude. The daily amount of distillate of the still can be increased by adjusting the inclination of both the still and reflector for any season. Thus producing an average of about 21% more than a conventional tilted wick still throughout the year.

Shiv Kumar et al., (2009) has presented life cycle cost analysis of the single slope passive and hybrid photovoltaic active solar stills, based on the annual performance at 0.05 m water depth. The comparative cost of distilled water produced from passive solar still is found to be less than hybrid active solar still for 30 years life time of the system. The payback periods of the passive and hybrid active solar still are estimated to be in the range of 1.1-6.2 years and 3.3-23.9 years respectively, based on selling price of distilled water in the range of Rs. 10/kg to Rs. 2/kg. The energy payback time has been estimated as 2.9 and 4.7 years respectively. 

V.Velmurugan et al., (2009) has made an experimental work in stepped solar still for effluent desalination. In this work, a stepped solar still and an effluent settling tank are fabricated and tested; large and fine solid particles are settled and clarified. The settled effluents are used as raw water in the stepped solar still. A maximum increase in productivity of 98% occurs in stepped solar still when fin, sponge and pebbles are used in this basin. Theoretical analysis agrees well with experimental results. 

Abdul Jabber N.Khalifa and Ahmad M.Hammod (2009) made a study on the verification of the effect of water depth on the performance of basin type solar stills. The present study validated the decreasing trend in productivity with the increase of brine depth and showed that the still productivity could be influenced by the brine depth by up to 48%.

Abdul Jabber N.Khalifa and Hussein A. Ibrahim (2009) had analyzed the effect of inclination of the external reflector on the performance of a basin type solar still at various seasons. It was found that the average daily yield is increased by the use of internal and /or external reflectors expect for summer where the effect of the reflectors is found to be negative.

Hacene Mahmoudi et al., (2009) proposed a new brackish water greenhouse desalination unit powered by geothermally energy for the development of arid and relatively cold regions, using Algeria as a case study. Countries which have abundant sea/brackish water resources and good geothermal conditions are ideal candidates for producing fresh water from sea/ brackish water. The main advantage of using geothermal energy to power brackish water green house desalination units is that this renewable energy source can provide power 24 hour a day. This resource is generally invariant with less intermittence problems compared to the other renewable resources.

Khaoula Hidouri et al., (2009) made an experiment work and modeling of a simple solar still, green house type, asymmetrical and a hybrid system of a solar still connected to a heat pump. Simple solar stills have in general very low efficiency and this study aims in improving that incorporation by heat pump. This will increase vapor condensation, improve efficiency and consequently the output per m² of still surface area. Data obtained from our experimental research are used to determine convective and evaporative heat transfer coefficients such as the experimental and theoretical efficiencies. The nom of the hybrid system is HSSHP. Daily output increased from 2 l/m² for the SSS up to 12 l/m² for the HSSHP and average efficiency increased from 20% to 80%.

The basic technical and economic issues related to the production of distilled water from geothermally heated water in coastal areas of Baja California, Mexico were investigated. Mathematical model that taken into consideration with water temperature, production flow rate and plant design. The use of cooler waters in the condenser that results in increased production rates and reduced initial investments. It shows that in coastal areas fresh water produced from this type of low enthalpy geothermal resources could be cost effective. This work was carried out by J. Gutierrez et al., (2009).

The different angles of inclination of condensing cover (15°, 30° 45°) have been chosen for winter and summer respectively. Different water depths (0.04, 0.08, 0.12 and 0.16 m) have also been taken for solar still with 30° inclination angle for summer weather condition. Comparisons of instantaneous gain and loss efficiencies at 0.01 and 0.04 m water depths for a 15° inclination angle have also been made to show the effect of water depth on the performance of solar stills. It was found that a lower water depth gives better efficiency, which is in agreement with many investigations. This attempt was investigated by Rahul Dev et al., (2009).
Hiroshi Tanaka (2009) has presented a geometrical model to calculate the radiation reflected from an external reflector inclined backwards and then absorbed onto a basin liner of a basin type still. The effect of the inclination of the external reflector on the distillate productivity of the still with both the internal and external flat plate reflector on a summer solstice day at 30°N was theoretically predicted. Distillate productivity of the still can be increased by inclining the external reflector even in summer, but augmentation is smaller than in winter. Further, the benefit of both the internal and inclined external reflectors of the basin type still would be considerably less in summer than in winter.

Hidouri Khaoula et al., (2009) focused on the analysis of a Simple Solar Distiller Hybrid with Heat Pump (SSDHP) plants. Experiments have been conducted for 17 hour as True Solar Time for climatic conditions of southeast region of Tunisia, during the months of June and July 2006 for four configurations of the above mentioned plants. Data obtained from experimental conditions are used to determine values of convective and evaporative heat transfer coefficients as well as experimental and theoretical yields. It was found that the SSDHP configuration exhibits better results than the SSD one.

V.K. Dwivedi et al., (2008) has made an attempt to evaluate the internal heat transfer coefficients of single and double slope passive solar stills in summer as well as winter climatic conditions for three different water depths (0.01, 0.02, and 0.03 m) by various thermal modes. The experimental validation of distillate yield using different thermal models was carried out for composite climate of New Delhi, India (latitude 28º35’ N, longitude 77 º12’E). By comparing theoretical values of hourly yield with experimental data it has been observed that Dunkle’s model gives better agreement between theoretical and experimental results. Dunkle’s model has been used to evaluate the internal heat transfer coefficient for both single and double slope passive solar stills. With the increase in water depth from 0.01 m to 0.03 m there was\a marginal variations in the values of convective heat transfer coefficients. It was also observed that on annual basis output of a single slope solar still is better as compared with double slope solar still.

V. Velmurugan et al (2008) made to produce potable water from industrial effluents. An ordinary basin type solar still integrated with fins at the basin plate is used for experimentation. Since industrial effluent is used as feed, before this still, an effluent settling tank is provided to get clarified effluent. This effluent settling tank is fabricated with three chambers, consists of pebble, coal and sand for settling the impurities and removing the bacteria in the effluents. Sponges, pebbles, black rubber and sand are used in the fin type single basin solar still for enhancing the yield. Results show that the productivity increases considerably due to this modification. A theoretical analysis is also carried out which, closely converges with experimental results. The economic analysis proved that the approximate payback period of such kinds of still is 1 year.

The new solar thermal desalination system has been developed by K. Schwarzer et al., (2008).  The system has two components: a desalination tower with multi stages and one or more solar collectors. Sea and ground water can be used to feed the desalination tower, which produces desalinated and decontaminated water in its 5-7 horizontal stages. The solar collectors are used to absorb solar energy and a fluid, the desalinated water itself, transport the heat energy to the tower. Four different systems have been tested in Germany, Spain, India and Brazil. The field tests show some important results: the system produces about 15-18 l/m²/day, which represent a factor of 5-6 times higher than the production of a still type distiller, it is modular and each unit produces approximately 35 l/day that allows the installation of larger system (1000-2000l/day).

A low temperature phase change desalination process configuration was presented by Veera Gnaneswar Gude et al., (2008). This configuration enables saline water to be evaporated at near-ambient temperatures under near-vacuum level pressures created by the barometric head without any mechanical energy input. Results of this study show that a fresh water production rate of 0.25 kg/h can be sustained at evaporation temperatures as low as 40ºC. These results suggest that this process has the potential to be driven by low grade heat sources such as waste process heat or solar collectors at temperatures as low as 50ºC.

K.Kalidasa Murugavel et al., (2008), made an experimental work on double slope single basin passive type solar still with basin area of 1.75 m2 and tested under laboratory conditions for thin layer of water basin, it is necessary to spread the water throughout the basin by some kinds of wick materials or porous materials. In this work, performance of the still is compared by using wick materials like light cotton cloth, light jute cloth and sponge sheet of 2mm thickness and porous materials like washed natural rock and quartzite rock as spread materials. The actual solar radiation condition is simulated by 2 kW electrical resistance heater placed below the inner basin. The results show that the still with black light cotton cloth as spread material is found to be more productive. Hence the production rate is a complex function of water, glass and the difference between the water and glass temperatures, basin volumetric heat capacity of the material and its porosity. 

The performance of solar still in terms of collection of distilled water have been analyzed and Booster mirror is attached with just above the glass cover of solar still, which will reflect solar radiation in excess to water and it is possible to adjust the booster mirror for perfect reflection depending upon the sun moving angle. This work was carried out by S. Shanmugan et al (2008). Low rate of distillation have been observed with the existing unit. A notable result has been observed with a boosted distillation unit (4.2 L/m2/d at 890 W/m2 max) the arrangements have been made by commercial Al sheet material and insulated with a thermocol sheet.

M.K. Phadatare et al., (2007) made an attempt to study the effect of water depth on the internal heat and mass transfer in a single basin single slope plastic solar still. The experimental still was fabricated from Plexiglas. The bottom and all sided of the still are made from a sheet of black Plexiglas. The cover is made from a transparent Plexiglas of the same thickness. The solar still was sealed to reduce the leakage of vapour to the surroundings. The study covers the influence of different environmental and operational parameters on the still productivity. The operational  parameter such as depth of water in the basin is varied from 2 cm to 12 cm to find out its influence on internal heat and mass transfer and hence the productivity of the still. The maximum distillate output of 2.1 L/m2/day was obtained with water depth in still basin 2 cm. The maximum efficiency of the experimental still varied from 10% to 34%. The results indicated that with increase in depth of basin water, still productivity decreases

Salah Abdallah et al., (2007) developed an experiment work to improve the single slope solar still performance through increasing the production rate of distilled water. Design modifications were introduced to the conventional solar still, involving the installation of reflecting mirrors on all interior sides, replacing the flat basin by step-wise basin, and by coupling the conventional solar still with a sun tracking system. The inclusion of internal mirrors improved the system thermal performance up to 30%, while step-wise basin enhanced the performance up to 180% and finally the coupling of the step-wise basin with sun tracking system gave the highest thermal performance with an average of 380%.

Hiroshi Tanaka et al., (2007) presented a numerical analysis to investigate the effect of the vertical flat plate external reflector on the distillate productivity of the tilted wick solar still. We propose a geometrical method to calculate the solar radiation reflected by the external reflector and absorbed on the evaporating wick, and also performed numerical analysis of heat and mass transfer in the still to predict the distillate productivity on four days (spring and autumn equinox and summer and winter solstice days) at 30°N latitude. We found that the external reflector can increase the distillate productivity in all but the summer seasons, and the increase in the daily amount of distillate averaged over the four days is predicted to be about 9
Zeinab S. Abdel-Rahim et al., (2005) made two modifications in solar desalination system. The first modification using a packed layer that installed in the bottom of the basin to increase the efficiency of the still. A packed layer is formed from glass balls which are considered as a simple thermal storage system. The second modification, using rotating shaft installed close to the basin water surface. The results show that the two modifications enhanced the performance of the solar desalination system. The efficiency of the modified solar desalination system using packed layer thermal energy storage was increased by 5% at May , 6% at June, and 7.5% at July, while it was increased by 2.5% at May, 5% at June and 5.5% at July for the modified one using rotating shaft and PV system.

Indoor experiments of the vertical multi-effect diffusion-type solar still coupled with a heat-pipe solar collector were performed by Hiroshi Tanaka et al., (2005). This indicates that the heat pipe of the proposed still can transport thermal energy well from the solar collector to the vertical multi-effect diffusion-type still.  

M. Bokar and A.Harmim (2005) presented performance evaluation of one sided vertical solar still tested under desert climatic conditions of Algeria, in summer and autumn seasons 2003. Hourly and daily measurements of still productivity, temperature of water film, glass cover, inlet of brackish water into solar still, ambient air temperature and solar radiation were recorded.

The design and construction of a new type of assisted solar distiller is presented by Carmen Esteban et al., (2005). The new distiller was compared with a common basin-type distiller and a commonplace basin-type distiller coupled with a flat solar collector. Daytime, nocturnal, weekly and hourly measurements showed that the daily production of the new assisted solar distiller always surpassed that of the basin-type distiller by approximately 70%, and that of the basin-type distiller coupled with a flat solar collector by approximately 20%.

O.O.Bardran and H.A. Al-Tahaineh (2005) studied the effect of coupling a flat plate solar collector on the productivity of solar stills was carried out. Other different parameters (i.e. water depth, direction of still, solar radiation) to enhance the productivity were also studied. It has been found that coupling of a solar collector with a still has increased the productivity by 36%.

The carrier gas process based on humidification and dehumidification process for water desalination. The CGP contains several advantages, such as flexibility in capacity, moderate installation and operating cost, possibility of using a wide range of thermal energies and simplicity was analysed by S.A. Hashemifard et al., (2004). Aim of this paper is to present the principle and characteristics of this technique based on experimental investigation. Experimental results of the work that was carried out at Bushehe Port, Southern Iran. It was found that the performance of the system strongly depended on the temperature and flow rate of the air pre-heater and the temperature and flow rate of the coolant water. However, it depended weakly on the flow rate of the saline water and fresh water re-circulation. It is expect that the unit would be of great potential for saline water desalination in arid areas and isolated islands. 

The accumulated production of the deep-basin solar still and that of the tilted tray solar still with longitudinal baffles are compared by Badawi W.Tleimat et al., (2003). The comparisons show that evaporation in the deep basin still continues during the entire 24 hour period while the tilted tray still ceases to produce a relatively short time after sunset. Thus nocturnal production is maximum for the deep basin type and nearly zero for the tilted tray still is studied. A small experimental still was constructed to determine the factors affecting the nocturnal production of solar stills. The experimental results indicate that a substantial increase of product water could be obtained from the continuous addition of warm water to the still. This increase was found to be a function of flow rate, feed-water temperature, evaporating and condensing areas and ambient temperature. 

Nikola Nijegorodor et al., (2003) described two solar thermal –electrical methods to purify water by distillation. In this first method air saturated with water vapour is removed from a basin type still by using a low power exhaust fan, and is passed through a condenser where the latent heat of water vapour is used to pre heat the mineralized water for the basin. This also results in lower temperature for the glazing and a faster rate of evaporation from the basin. The net effect in an increased thermal efficiency of the still more than twice the thermal efficiency of the conventional still. In the second design a condenser collector is used to boil water in the absorber tube. A low power vacuum pump is employed to lower the boiling temperature of water by about 10ºc. The yield of distillate from the still is nearly double.

Nuclear reactors produce significant amounts of low quality waste heat.  P.K. Tiwari et al., (2002) made an attempt for utilizing waste heat for producing high quality water from seawater by coupling low temperature evaporation (LTE) desalination unit. This LTE desalination unit utilizing waste heat from a nuclear reactor will be the first of its kind while demonstrating the safety and economics of nuclear desalination technology as a viable alternative to producing dematerialized water from sea water.

M.Boukar and A. Harmim (2001) has studied the effect of desert climatic conditions on the performance of a simple basin solar still and a similar one coupled to a flat plate collector. A three months round study showed that the productivity of the simple basin and similar coupled to a flat plate solar collector strongly depends on the solar radiation and ambient temperature

Bromine and iodine have been utilized in this study as heat generating media for the enhancement of overall efficiency of the simple conventional basin type solar stills. This work was investigated by M.A. Al- Abbasi et al., (2001).  Results of the experimental work showed that the solar still of bromine medium has a higher efficiency than that of iodine medium. However, both stills have significantly higher efficiencies when compared with that of the conventional one. Also, the results showed that the productivity of the still of bromine medium is about 65% greater than the conventional still. For an iodine medium still the productivity is about 42% greater than the conventional one.

The effect of intermittent flow of waste hot water in the basin of solar stills on its performance has been discussed by Madhuri et al., (2001) as well as the effect of various parameters- duration of flow of hot water, flow rate and water depth. It is concluded that for higher yield, the waste hot water should be fed into the basin during off-sunshine hours. The results have also been compared with those of Tiwari and Malik and sodha et al.

A single basin solar still with basin area of 0.98*0.98 m was constructed from galvanized iron sheets and an inclined glass cover. The still was provided with 525 W electrical heating tapes, fixed under the still for indoor steady state operation. The variations of basin temperature and evaporation rate were measured during both indoor and outdoor operation. Transient analysis of the still requires the evaluation of evaporative, convective and radiative heat transfer coefficients. The Dunkle model, which has been widely used for the prediction of the evaporative coefficient, was found to be over predicting evaporation rates. The models developed in this work were found to provide better prediction for the evaporation rate measured in this work and this work was investigated by Ahmad Taleb Shawaqfeh et al., (2000).

A techno-economic analysis of multi-stage stacked tray (MSST) solar still coupled with a solar collector through a heat exchanger has been developed by R.S. Adhikari et al., (2000). The study also includes a discussion on the sensitivity of cost of unit mass of distilled water in references to the useful life of distillation chamber, cost of solar collector and other associated parameters.

The quality of the distilled water produced by the Concrete Cascade Solar still was evaluated by the comparison with the conventional electrically powered still used for the same purpose. This work was presented by D.A. Balladin et al., (1999). The water quality indices were 4.50, 3.76, 29.35 for the water samples from the cascade solar still, electrically powered still and tap eater respectively. The heavy metals and sodium and calcium profiles also showed that the tap water had higher concentrations of these metals. However, the microbiological assays showed that the cascade solar still had the highest colonies forming units (1400 CFU/ml) with respect to the electrically powered still (22 CFU/ml) and tap water (12 CFU/ml).

Faten H. Fahmy et al., (1998) has presented a new way to realize continuous operation of a solar desalination system to produce fresh water using solar energy for a dual purpose. To realize the continuity of still operation daily and overnight, the batteries are discharged during the night at a suitable rate to feed an electric heater. The electric heater is designed to generate the required heat for desalination during the night. This modified still is provided with a packed bed layer installed in the bottom of the basin to assist the system during the day and at night, i.e., this modified still will be more efficient. The use of PV and packed bed systems means higher efficiency than the passive still, as the modified still produces large quantities of fresh water in August for a saline water depth of 0.01 m by using glass wool insulation 0.05 m thick and glass spheres as a packed bed with 0.0213 m bed length.

A theoretical and an experimental model are presented of the transient and steady-state performances of two types of solar stills. Both a conventional and an external condenser-type were constructed. The two stills were tested under the same conditions. Comparisons were made of productivity and efficiency under different conditions. The still productivity and efficiency is considerably greater for the external condenser-type still than for the conventional still. This work was carried out by Mohamad Abu-Qudais et al., (1996).

Multiple linear regression equations relating to ambient, air temperature, wind speed and solar radiation were developed by A.N. Minasian et al., (1992) to estimate the productivity of a still. The study shows that condensation process inside the stills is achieved during the period between sunset and sunrise. Results reveal that the average wall’s contribution in supplying fresh water is about 56%, whereas base contribution is about 31%. It is concluded, therefore, that setting many stills on a number of separated holes will give higher output rather than setting a single still on one large hole of the same volume. 

H.M. Ali (1991) has been studied a mathematical model to predict the performance of the solar still using forced convection inside the solar still to enhance the productivity of the still. It shows that the productivity increases about 60% more than that of a natural convection solar still. Good agreement between the theoretical and experimental results is obtained. Enhancing mass transfer co-efficient due to forced convection has a major role in the productivity enhancements.

M.M. El.Kassatry (1991) has studied a complete design and fabrication for a distilled water apparatus using a line concentrator of parabolic reflector type, which can be used for sea water distillation. A steady state theoretical model based on energy balance is presented. The experimental results are compared with the theoretical ones as well as with the available data and a satisfactory agreement is shown. The maximum fraction that can be evaporated from water flow rates is investigated. 

S.A. Lawrence and G.N.Tiwari (1991)  have been studied the thermal modeling based on heat and mass transfer relations of a green house integrated with a solar still. An experiment was carried out for a typical greenhouse in Port Moresby. The following observations were made. (i) There is a reasonable agreement between theoretical and experimental results and (ii) the amount of distilled water obtained is sufficient to grow the plants’ inside the greenhouse.

Jose. L. Frenandez and Norberto Chargoy (1990) were studied a solar still on the principal of a stacked tray array for tandem distillation and heat recovery. Experimentally results gathered along some 14 months of continuous operation. Conditions now be identified for which the added cost of particular design. Features were adequately compensated by the return of distilled water from the sea.

CHAPTER III

METHODOLOGY

3.1 INTRODUCTION                                           

Ninety-seven percent of the earth's water mass lies in its oceans. Of the remaining 3 percent, 5/6 is brackish, leaving a mere 0.5 percent as fresh water. As a result, many people do not have access to adequate and inexpensive supplies of potable water. This leads to population concentration around existing water supplies, marginal health conditions, and a generally low standard of living. Solar distillation uses the heat of the sun directly in a simple piece of equipment to purify water. The equipment, commonly called a solar still, consists primarily of a shallow basin with a transparent glass cover. The sun heats the water in the basin, causing evaporation. Moisture rises, condenses on the cover and runs down into a collection trough, leaving behind the salts, minerals, and most other impurities, including germs. Although it can be rather expensive to build a solar still that is both effective and long-lasting, it can produce purified water at a reasonable cost if it is built, operated, and maintained properly.

3.2 DESIGN DETTAILS OF THE STILL

3.2.1 CONSTRUCTION OF PYRAMID SOLAR STILL

3.2.1.1 General Setup of the Still


Pyramid solar still of base area 0.85m x 0.85m is designed. The still is filled with the water to a height of 0.05m. Top of the system is covered by a 3 mm transparent glass pyramid cover with a height of 0.30m at the middle. It is air tightened using the cushion supports at the interface between the top cover and the sides of sliding support for uniform landing. Bottom of the still is insulated using sawdust, while the side is insulated with glass wool. The specification of different parts of the still is given below.
3.2.1.2. Water Storage Basin


The water storage basin of the still is constructed with dimension 0.75m x 0.75m x 0.15m of mild steel. Bottom and sides of the basin are painted with black paint for good absorption of solar radiation. ¼ inch pipe is used for pouring water into the still and it is fixed at the height of 0.125 m on the side of the still. Another ¼ inch pipe is placed at a height of 0.1250 m adjacent to the inlet pipe for the inlet of thermocouples into the still to measure the temperature inside the still. Additionally two more pipes are placed at a height of 0.0505 m and 0.1005 m respectively to maintain the water level inside the storage basin as 0.05 m and 0.10 m respectively.
3.2.1.3 Water Collection Segment


Water collection segment of this system is of dimension 0.75 m x 0.02 m x 0.015 m respectively. Distilled water outlet provision from the water collecting segment is made at diagonally opposite sides by joining two sides collection together. Thus even though there is a water collection segment on all sides of the still, water outlet pipes will be only at the diagonally opposite sides.  The fine gap between the water storage basin and the water collection segment is sealed using chemical adhesives, in order to protect any water leakage between water collection segment and water storage segment. The mild steel is bent in the required “U’ shape of dimension 0.75m x 0.02m x 0.015m and is fixed at the inner side of front part of still at the height of 0.14 m. Strips are provided just above the water collection segment at a distance of 0.005 m from it for the uniform landing of top cover and also to effectively collect the condensed distilled water.

3.2.1.4 Inlet to the Still

Water inlet provision is given by fixing the one ¼ inch pipe of height 0.125m on the rear side of the still. Water is poured to the basin through this inlet by using the funnel and tubing set up.
3.2.1.5 Water Circulation Provision
A pair of ¼ inch pipes is fixed on the bottom of the base of the still at diagonally opposite to each other for the circulation of water. These pipes are fused exactly at the corners of diagonal end of the basin. 
3.2.1.6 Glass Pyramid Top Cover


The top pyramid cover is made up of transparent glass sheet of 3mm thickness of transmittance 100%. Pyramid top cover of area 0.75 m x 0.75 m is designed using glass sheet. Two pieces of molded glass sheets are joined by using adhesive. The top cover is placed over the strip provision provided at all sides for uniform resting over the water collection segment. The distance between the tip of the pyramid to the centre of surface area is 0.30m. 

3.2.1.7 Fixing of Top Cover 

Small pieces of steel strips are welded at the height of 0.005m from the top surface on the inner side of the still basin. Steel strips of dimension 0.01m x 0.01m are welded at various parts around the inner wall of the still basin so that the top glass pyramid cover lands uniformly and the distilled water are collected freely in the water collection segment. Finally this top cover is bolted air tightly using the cushion supports at the interface between the top cover and the sides of sliding support for uniform landing. 

3.2.1.8 Outer box

The outer box of the still is made up of wood of thickness 4mm with the dimension 0.85m x 0.85m x 0.30m. Rubber Bushes are fixed at the base of the still for uniform landing on the ground. Suitable strips are made at the respective places in the outer cover were the inlet, outlet pipes, distilled water collection pipes and waste water flow pipes points out.  Handles are provided at the opposite sides of the outer box for easy handling (movement) of the still. 
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Fig (3.1) Cross sectional view of pyramid solar still
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3.2.1.9. Insulation


The bottom of the basin is filled with sawdust up to a height of the 0.15m. The side of the basin is insulated with wood waste. This insulation is made to reduce the conduction heat loss through the base and sides of the solar still. The cross sectional view of single slope solar still is shown in Fig (3.1).

3.2.2. CONSTRUCTION OF ELECTRICAL TEMPERATURE CONTROLLER

Electrical backup made up of Temperature controller, Heater coil and Thermocouple. Temperature controller has various plug-in from number 1 to number 20. For temperature controller setting plug-in 1, 2, N1, C, N0, 12 and 13 are used. Temperature of the controller unit can be kept at any temperature by using set key function (4 digit display), which has two buttons to increase and decrease the temperature. Connections from plug-in 2 and C are interconnected and used as one end of input power supply. Pug-in 1 is used as another end of power supply input. Also a connection is taken from Plug-in 1 and it is connected to one end of the coil. Plug-in N0 is connected to another end of coil. Plug-inn’s 12 and 13 are connected to thermocouples.  Heater coil is made up of stainless steel and is placed inside the solar still. Sensor thermocouple should be placed near to the heater coil. Schematic representation of electrical backup circuit with temperature controller is shown in Fig (3.2).
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Fig (3.2) Electrical temperature controller
Since controller switch is connected to input power supply, once when the fixed temperature is attained, the circuit collapses. As a result power supply is shut down. When the temperature falls below the set value, circuits is switched on and the current flows through the coil, hence it starts heating.
3.3 THEORY

3.3.1 WORKING PRINCIPLE

3.3.1.1. Conventional Solar Still

A part of the solar radiation incident on the glass cover gets reflected, part gets absorbed within its thickness and the rest is transmitted to the still enclosure. A part of the transmitted energy is reflected from the water surface and from the bottom of the basin liner, while the rest is absorbed within the water. A part of the heat from the heated water is lost by evaporating the water by convection to the enclosed air, by radiation to the glass cover and by conduction through the bottom and sides of the solar still. Some heat is also lost by vapour leakages through the still. The glass cover receives heat as latent heat from the condensing vapour from heated air by convection, by radiation exchange from heated water and by the direct absorption of solar radiation. This heat from glass cover is finally lost to the atmosphere by convection and radiation processes. Energy exchange also takes place between the brine in the still, distillate leaving the still and saline water entering the still. Thus the incoming energy is the direct, diffuse and atmosphere radiations, while the outgoing energy is convection, radiation and reflection to the atmosphere; conduction through base and edges; brine leakages and vapour leakages from the enclosure; and sensible heat of distillate is shown in fig (3.3)
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Fig (3.3) Energy flow diagram in conventional solar still
The fraction of solar flux, at different components of distiller unit can be mathematically expressed as,

Solar flux absorbed by the glass cover, 

             α'g =(1- Rg   ) αg                                                                                                                 ………………………. (1)
Solar flux reflected by the water mass

             R’w  = (1- Rg   ) (1- αg   ) Rw                                                          ……………………….(2)
Solar flux absorbed by the water mass

             α'w  =(1- αg   ) (1- Rg   ) (1- Rw  ) αw                                                                    ……………………….  (3)
Solar flux absorbed by the basin liner

             α'b      = αb (1- Rg   ) (1- αg   ) (1- Rw  ) (1- Rw  )                                ………………………(4)
Solar flux lost to the ambient, through water and glass cover, will be,

            (1- αb   ) (1- Rg   ) (1- αg   ) (1- Rw  ) (1- αw  )                                               ………………………. (5)
If however, attenuation of solar flux within the water mass is considered, then the equation from 3 to 5 becomes

Solar flux absorbed by the water mass,

            α'w  = (1- Rg) (1- αg )(1- Rw)[(1-∑µjexp(-ηjdw)]                           ……………………….(6)
Solar flux absorbed by the basin liner,

           α'b = αb (1- Rg) (1- αg )(1- Rw)∑µjexp(-ηjdw)                               ……………………….  (7)
And the energy lost to the ambient, through water mass and glass cover will be,    

           (1-αb )(1- Rg) (1- αg )(1- Rw)∑µjexp(-ηjdw)                                 ……………………….  (8)
3.3.1.2. Electrical temperature controller
          Here external temperature controller is connected in between the one side of the coil to control the temperature in it. Water temperature can be varied by adjusting the input values of the temperature controller. Once the temperature is fixed, circuit open, hence the flow of current is prevented, which results in half of heat produced in water. When the water temperature drops below the fixed temperature, circuit is switched on and it results in heating of water. Temperature of the water increases that increases rate of evaporation.  Water vapor formed by evaporation rises  upward  and condenses  on  the  inner  surface of the  cover  glass  which  is relatively  cold.  Condensed water vapor trickles down in to through from there it is collected in to the storage container. The temperature controller circuit switches on and off when the water temperature neutralizes or falls below the fixed temperature. As a results water temperature is maintained uniformly. 
3.3.2. HEAT DISTRIBUTION IN A SOLAR STILL


            Glass cover absorbs the incoming energy and a small portion is reflected by it. 
A part of this energy is absorbed by the water and a small portion of energy is reflected by the basin water and a small portion is leaked through the bottom. The remaining portion of heat alone is used to raise the temperature of water which causes evaporation of water. 

3.3.3 HEAT TRANSFER

              The heat transfer in solar distillation systems can be classified in terms of external and internal modes. The external heat transfer mode is primarily governed by conduction, convection and radiation processes, which are independent of each other. These heat transfers occur outside the solar distiller, from the glass cover and the bottom and side insulation. Heat transfer within the solar distiller is referred to the internal heat transfer mode which consists of radiation, convection, and evaporation. In this case, convective heat transfer occurs simultaneously with evaporative heat transfer and these two heat transfer processes are independent of radiative heat transfer.

3.3.3.1 Internal Heat Transfer
            Internal heat transfer occurs within the solar still. The internal heat transfer modes are due to convection, evaporation and radiation.

a) Convection:

                The convective heat transfer is conveniently considered in terms of dimensionless parameters namely Nusselt number (Nu), Grashof number (Gr), Prandtl number (Pr) and Reynolds (Re). The expressions for these numbers are 
 Nusselt Number (Nu) = (hcwX/K)                                                      ……………………          (9)
 Grashof Number (Gr) = (X3ρ2gβT/µ2)                                                ……………………       (10)
 Prandtl number (Pr) =   (Cρµ/K)                                                        ……………………       (11)  
 Reynolds (Re) =  (ρvX/µ)                                                                  .……………………       (12)

 where, 

X is the distance between the water surface and the surface of the Condenser (m)

K is the thermal conductivity of saturated air (W/m°C)

ρ is the density of saturated air (Kg/m2)

g is the acceleration due to gravity (m/s2 )

β is the coefficient of volumetric expansion(C-1)

µ is the dynamic viscosity (Kg/m sec)

T is the temperature (°C)

C is the specific heat (J/Kg/k)

v is the fluid velocity (m/sec)

               Nusselt number is related to the Grashof and Prandtl number in the convection mode of heat transfer, against forces of gravity as 

Nu = C (Gr Pr)ⁿ                                                                                 ……………………………   (13)

Substituting equations 9, 10 and 11 in equation 13, we get
(hcwX/K) = C [(X3ρ2gβ∆T/µ2) (Cρµ/K)]ⁿ                                          ……………………………  (14)

In the various range of values of Gr, the values of C and n obtained are
For Gr > 10³,  n=0,  C=1                               (Magnitude of convection is negligible)
For 104< Gr > 3.2x105,  n=1/4, C=0.21       (Air flow is lamina)

For 3.2x105< Gr > 107,  n=1/3, C=0.075      (Air flow is in the turbulent regine)


             In 1962, Dunkle has chosen the values of physical parameters and found the heat transfer per unit area per unit time between the water surface and top glass cover due to convection, evaporation and radiation. He found that,
(ie) (hcwX/K) = 0.075[(X3ρ2gβ∆T/µ2) (Cµ/K)]⅓                                                      ….….………………  (15)

The heat transfer per unit area per unit time due to convection is,

qcw=hcw(Tw-Tg)                                                                                                      …….…………………    (16)

where 
 hcw=0.884 [Tw-Tg+{(Pw-Pg)(Tw+273)/ 268.9x103-Pw}]⅓                    ………………………  (17)

b) Evaporation:

             Dunkle (1961) connects convective and evaporation heat transfer coeffients as 
hew = 16.273 x 10-3 hcw .R1  W/m2                                                                                  ………………………… (18)               
where

R1=(Pw – Pg)/(Tw- Tg)
 qew=hew(Tw-Tg)                                                                                                                         …………………………   (19)               

c) Radiation:

              In the usual analyses of solar stills, the water surface and the glass cover are considered as infinite parallel planes. Using Stefan Boltzmann’s constant, the heat transfer coefficient is given by,
hrw = σ ε [(Tw+273)4-(Tg+273)4] / (Tw-Tg)                                        …………………………    (20)               
qrw = hrw (Tw-Tg)                                                                               …………………………     (21)               
Absolute values of the total energy transfer rate are obtained by the addition of the above three main equations. Each of the energy transfer mode can be expressed as a fraction of total energy transferred at given water surface and cover temperature.

3.3.3.2. External Heat Transfer

The external heat transfer modes are due to convection, radiation and conduction.

(a) Convection:

          The external Convention loss from glass cover to the outside atmosphere is,

 qca= hca (Tg-Tamb)                                                                                                                   ……………………………   (22)            
  hca is a function of wind velocity and is given by,

  hca = (5.7 + 3.8 V)

(b) Radiation:

             The external radiation loss from the glass cover to the atmosphere is given by,

qra = εσ[(Tg + 273 )4 – (Tsky + 273)4]                                            ……………………………  (23)               

Tsky = (Tamb-6) is the apparent sky temperature for long wave radiation and ε is ≈ 0.85

The energy balance equation for the glass cover can be written as 
τHs + qrw + qcw + qew –q=0(Dunkle’s equation)                                           ……………………………  (24)               

Here,  q=hca (Tg-Tamb)+εσ[(Tg+273)4 – (Tsky+ 273)4]                               ……………………………  (25)               

(c) Conduction:

External heat transfer due to conduction through the bas is found using the formula

qb = hb (Tw-Tamb)                                                                               ……………………………  (26)               

where,  (1/hb) = (1/K) + (1/hl)

3.3.4. Saturated Vapour Pressure Calculation (Pw and Pg)

 The value of Pw and Pg can be obtained from the general expression
 P(T) = exp[25.317-(5144/T+273)]                                                   …………………………… (27)               
3.3.5. Thermal Efficiency and Determination of Distillate Output

The thermal efficiency of the still is calculated using the formula

  η =(M x L) / (I x A x t)                                                                                                     ……………………………  (28)               

The hourly distillate from a distiller can be obtained as 

Mew =( qew/L) x 3600

Mew = [hew(Tw - Tg) x 3600]/L                                                          ……………………………  (29)           
where

Mew is the hourly distillate output

qew is the heat loss due to evaporation

L is the latent heat of vaporization

hew is the evaporative heat loss coefficient

Tw is the water temperature

Tg is the glass cover temperature

3.4. PERFORMANCE EVALUATION
The pyramid type solar still was placed on the terrace of  the ‘Faculty of Science’ building of Avinashilingam Deemed University for Women, Coimbatore, where the latitude is 11° N and longitude is 79°59’E. The still was located in such a way that it is facing south direction.

3.4.1 With Solar Energy

The performance of the still was studied for condensate output during clear sunshine days. The observations were taken to analyze the performance of the still. The observations, which were observed for conventional energy were, water temperature, absorbance, air temperature, cover temperature, ambient temperature, solar insolation, and distillate water output measurements.
3.4.2 With electrical energy
The performance of the still was investigated for condensate output during night time. Electrical heater coil is placed inside the solar still. The observations were taken to make analysis of still when electrical heater coil act as heat source. Water temperature and amount of distillate water collected at an interval of half an hour were noted

Evaluation of the still also includes the computation of hourly thermal efficiency and daily average thermal efficiency. The output distilled water is analyzed to evaluate the physical and chemical properties and also to estimate the purity of the distilled water.

3.5 EXPERMENTAL STUDY

The performance of the still has been investigated for a number of days during the period January to March 2011. The observations were taken to evaluate the performance of the pyramid type solar still with top cover made up of glass sheet. Measurement of temperature profiles, total solar insolation and distillate output water measurements including nocturnal output were observed for conventional energy. Water temperature distillate water output was noted while using electrical heater coil. For clear sun shine days, observations were, carried out from 9 a.m. to 5 p.m. To investigate, nocturnal output observations were noted during the time 6 p.m. to 7 p.m.To calculate the amount of distillate water output for electrical heater coil, observations were taken in between 5.30 p.m. to 9.30 p.m. 

3.5.1. Measurement of Temperatures

Ambient temperature was noted by placing the thermometer near the solar still from 9 a.m. to 5 p.m., at an interval of half an hour. The temperatures of different places of the still were measured by placing the pre-calibrated thermocouples. Thermocouples were connected to the probes of digital multimeter with thermal display. To measure the temperature of water, thermocouple was immersed in water. Air temperature was noted by placing the thermocouples inside the still which does not touch the water surface. Absorbance of the basin was noted by fixing thermocouple which in contact with surface of the basin. By keeping the thermocouple at the top of glass cover, cover temperature was measured. All the temperature measurements are carried out for conventional energy. For electrical heated coil, water temperature only noted.

3.5.2 Total Solar Radiation Measurements

The total radiation incident on the glass cover was measured using pyranometer from 9 a.m. to 5 p.m.  at an interval of half an hour. The pyranometer readings were measured in terms of millivolts and converted into Watt/m². The value of solar insolation in millivolts is converted to Watt/m² is by multiplying the solar insolation in millivolts with conversion factor 1000/12.64.     

12.64 mV=1000 Watt/m².

                      1 mV = 79.11 Watt/m².
3.5.3 Distillate Water Output Measurement

The amount of distillate water collected from the pyramid type solar still measured using measuring jar in milliliters and recorded. The readings are presented in tables (3.1-3.12) for the still utilizing solar energy, and tables (3.13-3.3.16) for the still utilizing electrical energy.
PLATE 1

EXPERIMENTAL SET UP OF THE PYRAMID COVER SOLAR STILL
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PLATE 2

ELECTRICAL TEMPERATURE CONTROLLER
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PLATE 3

EXPERIMENTAL SET UP OF THE PYRAMID COVER SOLAR STILL
COUPLED WITH ELECTRICAL TEMPERATURE CONTROLLER                                                                                  
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Table (3.1) Performance study of the pyramid cover solar still
Date: 16.12.11                                                                                                         Nocturnal output from 6:30p.m. to 6:30 a.m. is 0.647kg
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00
	5.2
	411.372
	0.1
	25.7
	28
	27
	20
	26
	0.006
	2372000
	1.452776672

	9:30
	7.5
	593.325
	0.4
	26
	29
	33
	24
	26
	0.012
	2372000
	

	10:00
	9.7
	767.367
	0.6
	28
	33
	35
	29
	29
	0.021
	2372000
	2.725828396

	10:30
	11.4
	901.854
	0
	29.5
	40
	44
	39
	34
	0.048
	2372000
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11:00
	12.4
	980.964
	0.2
	30.5
	46
	51
	45
	39
	0.072
	2372000
	7.310747125

	11:30
	13
	1028.43
	0.6
	32
	48
	52
	47
	40
	0.098
	2372000
	

	12:00
	13.2
	1044.252
	0.4
	32.8
	52
	56
	52
	41
	0.117
	2372000
	11.15996626

	12:30
	13.4
	1060.074
	0.8
	33
	53
	57
	54
	42
	0.132
	2372000
	

	1:00
	13.4
	1060.074
	0.4
	33.5
	54
	58
	56
	43
	0.168
	2372000
	15.78539429

	1:30
	13.5
	1067.985
	0.8
	35
	54
	59
	56
	43
	0.174
	2372000
	

	2:00
	13.1
	1036.341
	0.9
	33.5
	54
	57
	55
	43
	0.192
	2372000
	18.45359071

	2:30
	11.9
	941.409
	1.4
	34.5
	53
	56
	51
	42
	0.171
	2372000
	

	3:00
	10.1
	799.011
	1.8
	34.4
	52
	54
	48
	41
	0.166
	2372000
	20.69367696

	3:30
	9.8
	775.278
	2.2
	34.2
	51
	52
	48
	40
	0.159
	2372000
	

	4:00
	6.4
	506.304
	1.6
	34.3
	47
	51
	48
	37
	0.142
	2372000
	27.93568476

	4:30
	6.9
	545.859
	0.8
	34.1
	46
	48
	47
	34
	0.132
	2372000
	

	5:00
	3.2
	253.152
	1.2
	33.8
	43
	45
	47
	33
	0.11
	2372000
	43.28063836

	5:30
	2.1
	166.131
	0.2
	33.3
	42
	42
	46
	32
	0.078
	2372000
	

	
	Average
	774.399
	
	
	
	
	
	Average
	16.5331442
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Day output from 9:00 to 5:30 p.m. is 1.377 kg

Table (3.2) Performance study of the pyramid cover solar still
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Date: 17.12.11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00
	6.2
	490.482
	0
	32
	29
	31
	29
	30
	0
	2372000
	0

	9:30
	6.9
	545.859
	0
	32.9
	30
	34
	31
	32
	0.006
	2372000
	

	10:00
	7.4
	585.414
	0.3
	33.8
	31
	41
	32
	37
	0.011
	2372000
	1.871595

	10:30
	9.1
	719.901
	0.2
	35
	33
	46
	33
	38
	0.017
	2372000
	

	11:00
	10.4
	822.744
	0
	36.2
	34
	48
	34
	39
	0.025
	2372000
	3.026618

	11:30
	11.3
	893.943
	1.1
	37.1
	36
	51
	36
	41
	0.047
	2372000
	

	12:00
	12.1
	957.231
	0
	37.6
	39
	52
	39
	42
	0.069
	2372000
	7.179838

	12:30
	12.4
	980.964
	1.5
	37.6
	41
	52
	42
	43
	0.089
	2372000
	

	1:00
	11.9
	941.409
	0
	38
	42
	55
	44
	44
	0.121
	2372000
	12.80234

	1:30
	10.2
	806.922
	2.4
	38.4
	43
	56
	47
	44
	0.143
	2372000
	

	2:00
	10
	791.1
	0
	38.5
	46
	56
	49
	44
	0.184
	2372000
	23.16695

	2:30
	9.4
	743.634
	1.2
	37.6
	46
	56
	48
	43
	0.212
	2372000
	

	3:00
	7.7
	609.147
	0
	37.2
	47
	54
	47
	41
	0.192
	2372000
	31.39507

	3:30
	6.4
	506.304
	0
	36
	45
	53
	47
	39
	0.167
	2372000
	

	4:00
	5.3
	419.283
	0.9
	35.1
	44
	51
	43
	37
	0.146
	2372000
	34.6839

	4:30
	4.7
	371.817
	0
	34.2
	43
	49
	43
	36
	0.123
	2372000
	

	5:00
	2.9
	229.419
	0.8
	33.9
	42
	48
	41
	35
	0.102
	2372000
	44.28464

	5:30
	1.9
	150.309
	0.2
	32.8
	41
	46
	40
	32
	0.087
	2372000
	

	
	Average
	642.549
	
	
	
	
	
	                                     Average
	22.38597


Day output from 9:00 a.m. to 5:30 p.m. is 1.741 kg
Table (3.3) Performance study of the pyramid cover solar still
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Date: 8.1.11                                                                                                    Nocturnal output from 6:30 p.m. to 6:30 a.m. is 0.812 kg
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00
	5.9
	466.749
	0
	27.7
	29
	26
	28
	26
	0.004
	2372000
	0.853609

	9:30
	7.1
	561.681
	0.2
	28.8
	30
	29
	33
	26
	0.012
	2372000
	

	10:00
	8.4
	664.524
	0.2
	30.8
	33
	32
	37
	27
	0.03
	2372000
	4.49669

	10:30
	8.9
	704.079
	1
	31.4
	38
	36
	40
	30
	0.041
	2372000
	

	11:00
	9.3
	735.723
	0.8
	32.4
	40
	42
	41
	31
	0.058
	2372000
	7.852284

	11:30
	9.4
	743.634
	0.3
	32.9
	41
	47
	42
	32
	0.087
	2372000
	

	12:00
	9.9
	783.189
	0.4
	34.9
	46
	48
	47
	34
	0.105
	2372000
	13.35381

	12:30
	10.1
	799.011
	0.1
	35.3
	50
	50
	51
	36
	0.127
	2372000
	

	1:00
	10.3
	814.833
	0.2
	36.6
	53
	52
	54
	39
	0.142
	2372000
	17.3581

	1:30
	11.2
	886.032
	0.2
	36.9
	56
	55
	57
	40
	0.175
	2372000
	

	2:00
	10.8
	854.388
	0.3
	36.2
	58
	57
	58
	41
	0.197
	2372000
	22.96643

	2:30
	8.4
	664.524
	0.2
	35.8
	55
	58
	54
	42
	0.225
	2372000
	

	3:00
	7.9
	624.969
	0.1
	35.6
	53
	58
	52
	40
	0.203
	2372000
	32.3534

	3:30
	5.1
	403.461
	0.1
	35.2
	52
	57
	51
	38
	0.19
	2372000
	

	4:00
	4.2
	332.262
	0
	34
	52
	56
	51
	37
	0.152
	2372000
	45.56646

	4:30
	3.6
	284.796
	0
	33.3
	50
	52
	50
	35
	0.13
	2372000
	

	5:00
	3.2
	253.152
	0.1
	32.8
	49
	49
	48
	33
	0.099
	2372000
	38.95257

	5:30
	2.4
	189.864
	0.2
	31.9
	47
	48
	47
	32
	0.062
	2372000
	

	
	Average
	598.1595
	
	
	
	
	
	                                    Average
	20.41704


Day output from 9:00 a.m. to 5:30 p.m. is 2.039kg                                                                                                                           

Table (3.4) Performance study of the pyramid cover solar still
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Date: 9.1.11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00
	5.4
	0
	0
	26
	23
	24
	23
	23
	0.006
	2372000
	1.39897

	9:30
	6.9
	545.859
	0.2
	26.4
	26
	28
	26
	23
	0.015
	2372000
	

	10:00
	9.5
	751.545
	0
	30.7
	29
	31
	29
	27
	0.023
	2372000
	3.048282

	10:30
	9.9
	783.189
	0
	31.2
	34
	33
	34
	30
	0.037
	2372000
	

	11:00
	10.3
	814.833
	0
	31.4
	38
	37
	40
	34
	0.057
	2372000
	6.967686

	11:30
	11
	870.21
	0.2
	33.2
	46
	39
	47
	37
	0.068
	2372000
	

	12:00
	12.5
	988.875
	0.8
	34
	50
	42
	51
	41
	0.089
	2372000
	8.964601

	12:30
	13.2
	1044.252
	1.4
	34.8
	58
	46
	55
	43
	0.115
	2372000
	

	1:00
	13.8
	1091.718
	0.6
	35
	65
	55
	61
	45
	0.132
	2372000
	12.04331

	1:30
	13.9
	1099.629
	0.9
	36
	62
	62
	66
	46
	0.157
	2372000
	

	2:00
	13.6
	1075.896
	0
	37
	58
	65
	59
	49
	0.18
	2372000
	16.6642

	2:30
	11.2
	886.032
	0
	38.8
	55
	60
	56
	45
	0.21
	2372000
	

	3:00
	9.7
	767.367
	0.2
	37.1
	54
	60
	53
	44
	0.187
	2372000
	24.27285

	3:30
	5.2
	411.372
	0.1
	36.6
	52
	59
	53
	40
	0.162
	2372000
	

	4:00
	4.6
	363.906
	0.4
	33.3
	50
	55
	51
	39
	0.139
	2372000
	38.04591

	4:30
	2.4
	189.864
	0.3
	32.4
	48
	53
	48
	36
	0.115
	2372000
	

	5:00
	2.3
	181.953
	0
	31.8
	47
	50
	45
	33
	0.092
	2372000
	50.36292

	5:30
	0.2
	15.822
	0.2
	30.2
	45
	48
	42
	32
	0.078
	2372000
	

	
	Average
	683.862
	
	
	
	
	
	                                Average
	20.22088


Day output from 9:00 a.m. to 5:30 p.m. is 1.862kg[image: image51.png]Coil




Table (3.5) Performance study of the pyramid cover solar still
Date: 20.1.11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00
	3.9
	308.529
	0.1
	30
	29
	29
	28
	28
	0
	2372000
	0

	9:30
	4.1
	324.351
	0
	32
	31
	32
	30
	29
	0.013
	2372000
	

	10:00
	7.9
	624.969
	0
	33
	34
	34
	33
	29
	0.021
	2372000
	3.346903

	10:30
	9.4
	743.634
	0.7
	33.5
	37
	45
	36
	32
	0.032
	2372000
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11:00
	12.4
	980.964
	0
	34
	41
	50
	40
	34
	0.055
	2372000
	5.584598

	11:30
	10.9
	862.299
	0
	34.5
	45
	53
	45
	35
	0.083
	2372000
	

	12:00
	11.4
	901.854
	0.8
	36
	46
	56
	47
	37
	0.112
	2372000
	12.36984

	12:30
	12.1
	957.231
	1.1
	37
	48
	57
	48
	44
	0.14
	2372000
	

	1:00
	12.7
	1004.697
	1.2
	37.5
	51
	58
	50
	47
	0.181
	2372000
	17.94427

	1:30
	12.7
	1004.697
	2.4
	38
	54
	59
	54
	48
	0.212
	2372000
	

	2:00
	12.8
	1012.608
	0
	38.5
	58
	60
	59
	50
	0.232
	2372000
	22.8207

	2:30
	12.2
	965.142
	0
	37.2
	58
	60
	58
	45
	0.211
	2372000
	

	3:00
	11.7
	925.587
	0
	37
	57
	57
	56
	42
	0.193
	2372000
	20.76933

	3:30
	10.3
	814.833
	0
	36.5
	55
	53
	54
	40
	0.165
	2372000
	

	4:00
	7.2
	569.592
	0
	36
	54
	49
	53
	38
	0.143
	2372000
	25.00659

	4:30
	5.9
	466.749
	0
	33.9
	51
	48
	50
	37
	0.129
	2372000
	

	5:00
	2.9
	229.419
	0
	32
	47
	46
	47
	34
	0.111
	2372000
	48.19211

	5:30
	0.4
	31.644
	0.2
	31.3
	45
	45
	45
	32
	0.092
	2372000
	

	
	Average
	707.1555
	
	
	
	
	
	                               Average
	18.8792


[image: image53.png]Temperature
Controller



[image: image54.emf]0

100

200

300

400

500

600

700

800

900

1 2 3 4 5 6 7 8 9 10 11 12

Average insolation (W / m

2

)

Number of days

Day output from 9:00 a.m. to 5:30 p.m. is 2.125 kg
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Table (3.6) Performance study of the pyramid cover solar still
Date: 21.1.11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00
	5.2
	411.372
	0.5
	31.5
	30
	30
	29
	28
	0
	2372000
	0

	9:30
	6.9
	545.859
	0.1
	32
	31
	37
	30
	29
	0.011
	2372000
	

	10:00
	8.2
	648.702
	0
	32.5
	31
	43
	33
	31
	0.021
	2372000
	3.224456

	10:30
	9.9
	783.189
	0.4
	32
	32
	47
	34
	31
	0.032
	2372000
	

	11:00
	10.8
	854.388
	0.8
	32.5
	35
	54
	39
	34
	0.053
	2372000
	6.178785

	11:30
	11.4
	901.854
	0
	33
	38
	59
	42
	38
	0.076
	2372000
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Time of the day

Distillate output

Room

Water

Air

Absorbant

Top cover

12:00
	11.7
	925.587
	0
	33.5
	41
	61
	44
	43
	0.109
	2372000
	11.72983

	12:30
	12.3
	973.053
	0.4
	34.3
	45
	61
	52
	47
	0.131
	2372000
	

	1:00
	12.6
	996.786
	0.2
	34.9
	51
	62
	54
	52
	0.162
	2372000
	16.18808

	1:30
	12.7
	1004.697
	0.1
	35.2
	54
	63
	57
	55
	0.198
	2372000
	

	2:00
	12.4
	980.964
	0
	35.8
	59
	63
	60
	57
	0.222
	2372000
	22.54147

	2:30
	11.8
	933.498
	0
	36.2
	60
	63
	60
	57
	0.259
	2372000
	

	3:00
	10.3
	814.833
	0.2
	36.2
	60
	62
	59
	56
	0.221
	2372000
	27.01506

	3:30
	7.4
	585.414
	1.4
	36
	60
	61
	56
	54
	0.184
	2372000
	

	4:00
	5.2
	411.372
	0.8
	35.3
	58
	60
	53
	52
	0.157
	2372000
	38.01432

	4:30
	2.5
	197.775
	0
	34.9
	54
	58
	52
	51
	0.123
	2372000
	

	5:00
	1.9
	150.309
	0
	34.1
	53
	56
	51
	49
	0.102
	2372000
	67.59235

	5:30
	0.2
	15.822
	0.1
	33.2
	51
	55
	49
	47
	0.087
	2372000
	

	
	Average
	811.4426
	
	
	
	
	
	                              Average
	24.06024
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Day output from 9:00 a.m. to 5:30 p.m. is 2.136 kg
Table(3.7) Performance study of the pyramid cover solar still

 Date: 27.1.11

	Time of the day 
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00
	6.6
	0
	0
	30.5
	27
	28
	28
	29
	0.005
	2372000
	0.953843

	9:30
	8.8
	696.168
	0
	31
	28
	33
	29
	32
	0.01
	2372000
	

	10:00
	10.1
	799.011
	0.1
	31.4
	30
	42
	31
	34
	0.017
	2372000
	2.119232

	10:30
	10.8
	854.388
	0
	32.3
	32
	46
	33
	39
	0.023
	2372000
	

	11:00
	11.2
	886.032
	0.1
	32.9
	37
	48
	38
	41
	0.031
	2372000
	3.484935

	11:30
	11.8
	933.498
	0
	33.2
	41
	48
	42
	46
	0.059
	2372000
	

	12:00
	12.4
	980.964
	0.2
	34.6
	45
	53
	47
	49
	0.082
	2372000
	8.326129

	12:30
	12.7
	1004.697
	0.4
	35.5
	50
	59
	50
	50
	0.103
	2372000
	

	1:00
	13.1
	1036.341
	0
	36.3
	54
	60
	55
	51
	0.138
	2372000
	13.26352

	1:30
	13.3
	1052.163
	0.5
	36.5
	57
	63
	58
	52
	0.172
	2372000
	

	2:00
	12.9
	1020.519
	0
	36.6
	59
	60
	59
	52
	0.201
	2372000
	19.61812

	2:30
	11.3
	893.943
	0
	36.7
	59
	60
	61
	53
	0.231
	2372000
	

	3:00
	10.7
	846.477
	0.3
	36.4
	59
	57
	61
	53
	0.205
	2372000
	24.12243

	3:30
	8.8
	696.168
	0
	35.9
	58
	56
	60
	51
	0.178
	2372000
	

	4:00
	6.6
	522.126
	0.2
	35.4
	56
	55
	58
	49
	0.142
	2372000
	27.08915

	4:30
	5.2
	411.372
	0
	35.2
	54
	51
	56
	48
	0.117
	2372000
	

	5:00
	3.2
	253.152
	0
	34.8
	52
	48
	53
	47
	0.081
	2372000
	31.87029

	5:30
	1.5
	118.665
	0.1
	33.1
	51
	47
	51
	46
	0.064
	2372000
	

	
	Average
	751.545
	
	
	
	
	
	                                Average
	16.35595


Day output from 9:00 a.m. to 5:30 p.m. is 1.859 kg

Table (3.8) Performance study of the pyramid cover solar still
Date: 3.2.11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00
	6.4
	506.304
	0.1
	25.8
	24
	29
	26
	26
	0
	2372000
	0

	9:30
	8.7
	688.257
	0.4
	26.1
	25
	31
	27
	28
	0.019
	2372000
	

	10:00
	9.5
	751.545
	0.2
	27
	27
	35
	28
	29
	0.033
	2372000
	4.373622

	10:30
	10.2
	806.922
	0.6
	28.5
	31
	39
	31
	31
	0.044
	2372000
	

	11:00
	11.4
	901.854
	2.4
	29
	37
	43
	36
	31
	0.058
	2372000
	6.405811

	11:30
	11.9
	941.409
	0.2
	29.3
	40
	46
	40
	34
	0.081
	2372000
	

	12:00
	12.3
	973.053
	0.8
	30.5
	45
	51
	45
	38
	0.095
	2372000
	9.724548

	12:30
	12.5
	988.875
	1.4
	31
	49
	52
	49
	39
	0.108
	2372000
	

	1:00
	12.5
	988.875
	1.8
	32
	51
	53
	51
	40
	0.141
	2372000
	14.20234

	1:30
	11.7
	925.587
	0.2
	32.4
	52
	54
	52
	40
	0.173
	2372000
	

	2:00
	11.1
	878.121
	0.2
	32.7
	52
	52
	49
	39
	0.201
	2372000
	22.79943

	2:30
	10.4
	822.744
	0.2
	32.9
	50
	51
	49
	39
	0.237
	2372000
	

	3:00
	8.4
	664.524
	1.2
	35.2
	49
	50
	49
	38
	0.213
	2372000
	31.9265

	3:30
	8.2
	648.702
	1
	34.2
	49
	50
	49
	37
	0.191
	2372000
	

	4:00
	6.2
	490.482
	0.2
	33.2
	47
	49
	47
	37
	0.162
	2372000
	32.89836

	4:30
	4.6
	363.906
	0.8
	32
	44
	46
	43
	36
	0.129
	2372000
	

	5:00
	3.5
	276.885
	0.3
	30
	42
	42
	41
	34
	0.091
	2372000
	32.7359

	5:30
	0.9
	71.199
	0
	29.4
	41
	40
	40
	33
	0.075
	2372000
	

	
	Average
	704.958
	
	
	
	
	
	                               Average
	19.38338


Day output from 9:00 a.m. to 5:30 p.m. is 2.052 kg

Table (3.9) Performance study of the pyramid cover solar still
Date: 8.2.11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00
	3.9
	308.529
	0
	26
	26
	31
	25
	26
	0
	2372000
	0

	9:30
	4.7
	371.817
	0
	26.3
	29
	34
	27
	27
	0.014
	2372000
	

	10:00
	5.7
	450.927
	0
	28.5
	31
	37
	29
	28
	0.022
	2372000
	4.85958

	10:30
	9
	711.99
	0.2
	30
	37
	42
	37
	34
	0.033
	2372000
	

	11:00
	9.8
	775.278
	0.8
	30.1
	43
	45
	41
	37
	0.047
	2372000
	6.038412

	11:30
	11.3
	893.943
	2.4
	32.5
	45
	49
	45
	39
	0.075
	2372000
	

	12:00
	11.4
	901.854
	0.7
	32
	48
	53
	47
	40
	0.11
	2372000
	12.14895

	12:30
	12
	949.32
	0
	33.3
	51
	55
	51
	42
	0.142
	2372000
	

	1:00
	12.4
	980.964
	0
	33.9
	52
	56
	52
	43
	0.175
	2372000
	17.76918

	1:30
	12.9
	1020.519
	0.2
	34.4
	53
	56
	54
	43
	0.217
	2372000
	

	2:00
	11.9
	941.409
	0.8
	34.5
	54
	55
	54
	44
	0.251
	2372000
	26.55692

	2:30
	8.7
	688.257
	0.4
	34.5
	54
	53
	53
	43
	0.213
	2372000
	

	3:00
	8.2
	648.702
	0.6
	34.4
	54
	53
	53
	43
	0.184
	2372000
	28.25237

	3:30
	7.7
	609.147
	0
	33.8
	53
	52
	52
	42
	0.142
	2372000
	

	4:00
	5.2
	411.372
	1.1
	33.8
	49
	52
	49
	39
	0.119
	2372000
	28.8134

	4:30
	4.7
	371.817
	0.8
	31
	46
	50
	45
	37
	0.085
	2372000
	

	5:00
	2.5
	197.775
	1.4
	29.8
	43
	49
	42
	36
	0.072
	2372000
	36.26131

	5:30
	1.1
	87.021
	0
	29.3
	42
	47
	41
	35
	0.061
	2372000
	

	
	Average
	628.9245
	
	
	
	
	
	                               Average
	20.08751


Day output from 9:00 a.m. to 5:30 p.m. is 1.962 kg
Table (3.10) Performance study of the pyramid cover solar still
Date: 9.2.11                                                                                                        Day output from 9:00 a.m. to 5:30 p.m. is 1.925 kg


	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00
	6.7
	530.037
	0
	26.8
	27
	28
	27
	26
	0
	2372000
	0

	9:30
	7.2
	569.592
	0.4
	27.2
	31
	34
	29
	27
	0.011
	2372000
	

	10:00
	8.1
	640.791
	0.1
	28.1
	34
	38
	32
	29
	0.025
	2372000
	3.886028

	10:30
	9.8
	775.278
	1.1
	28.3
	37
	41
	36
	30
	0.032
	2372000
	

	11:00
	10.4
	822.744
	0.2
	29
	39
	46
	40
	33
	0.051
	2372000
	6.174301

	11:30
	11.5
	909.765
	0.8
	31.5
	42
	49
	43
	38
	0.069
	2372000
	

	12:00
	11.7
	925.587
	0.1
	31.6
	47
	52
	45
	39
	0.093
	2372000
	10.00802

	12:30
	12.1
	957.231
	0.2
	32.4
	51
	56
	50
	41
	0.115
	2372000
	

	1:00
	12.8
	1012.608
	0
	32.6
	53
	57
	52
	43
	0.137
	2372000
	13.47602

	1:30
	12.9
	1020.519
	0
	33.1
	55
	59
	54
	44
	0.155
	2372000
	

	2:00
	11.2
	886.032
	1.4
	34.2
	53
	56
	55
	43
	0.182
	2372000
	20.45994

	2:30
	10.4
	822.744
	2.2
	33.5
	52
	54
	53
	43
	0.212
	2372000
	

	3:00
	9.3
	735.723
	0.6
	33.5
	51
	52
	52
	42
	0.184
	2372000
	24.91069

	3:30
	7.8
	617.058
	0.3
	32.8
	50
	51
	50
	40
	0.176
	2372000
	

	4:00
	6.3
	498.393
	0
	32.1
	48
	50
	47
	39
	0.16
	2372000
	31.97646

	4:30
	5.9
	466.749
	0
	31.9
	46
	48
	45
	36
	0.134
	2372000
	

	5:00
	4.2
	332.262
	0.1
	31.1
	43
	46
	42
	32
	0.103
	2372000
	30.87727

	5:30
	2.8
	221.508
	0
	302
	41
	44
	40
	31
	0.086
	2372000
	

	
	Average
	708.0345
	
	
	
	
	
	                             Average
	17.71108


Table (3.11) Performance study of the pyramid cover solar still
Date: 10.2.11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat(J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	6:00
	0
	0
	0
	19.3
	16
	14
	16
	12
	0
	2372000
	0

	6:30
	0.2
	7.911
	0
	19.3
	17
	15
	16
	13
	0
	2372000
	

	7:00
	0.2
	31.644
	0
	19.5
	18
	17
	18
	15
	0
	2372000
	0

	7:30
	0.6
	87.021
	0
	21.8
	19
	18
	18
	20
	0
	2372000
	

	8:00
	3.2
	197.775
	0
	23
	19
	20
	19
	24
	0
	2372000
	0

	8:30
	4.9
	324.351
	0
	24.6
	21
	24
	19
	24
	0
	2372000
	

	9:00
	6.6
	522.126
	0.1
	25.7
	22
	27
	20
	26
	0.004
	2372000
	0.763075

	9:30
	7.5
	593.325
	0.4
	26
	26
	33
	24
	26
	0.009
	2372000
	

	10:00
	9.7
	767.367
	0.6
	28
	33
	35
	29
	29
	0.019
	2372000
	2.466226

	10:30
	11.4
	901.854
	0
	29.5
	40
	44
	39
	34
	0.035
	2372000
	

	11:00
	12.4
	980.964
	0.2
	30.5
	46
	51
	45
	39
	0.056
	2372000
	5.686137

	11:30
	13
	1028.43
	0.6
	32
	48
	52
	47
	40
	0.079
	2372000
	

	12:00
	13.2
	1044.252
	0.4
	32.8
	52
	56
	52
	44
	0.096
	2372000
	9.156895

	12:30
	13.4
	1060.074
	0.8
	33
	55
	57
	54
	44
	0.119
	2372000
	

	1:00
	13.4
	1060.074
	0.4
	33.5
	56
	58
	56
	44
	0.139
	2372000
	13.06053

	1:30
	13.5
	1067.985
	0.8
	35
	56
	59
	56
	44
	0.158
	2372000
	

	2:00
	12.6
	996.786
	0.9
	33.5
	56
	57
	55
	44
	0.174
	2372000
	17.3872

	2:30
	11.9
	166.131
	1.4
	34.5
	56
	56
	51
	44
	0.205
	2372000
	

	3:00
	10.9
	862.299
	1.8
	34.4
	54
	54
	48
	43
	0.233
	2372000
	26.91413

	3:30
	9.8
	775.278
	2.2
	34.2
	51
	52
	48
	40
	0.256
	2372000
	

	
Contd…..

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection (kg)
	Latent Heat (J/kg)
	
Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	4:00
	7.9
	624.969
	1.6
	34.3
	47
	51
	48
	37
	0.235
	2372000
	37.45344

	4:30
	6.3
	489.393
	
	34.1
	46
	48
	47
	34
	0.203
	2372000
	

	5:00
	4.9
	387.639
	1.2
	33.8
	43
	45
	47
	33
	0.183
	2372000
	47.02253

	5:30
	3.4
	941.409
	0.4
	31.3
	37
	34
	33
	28
	0.167
	2372000
	

	6:00
	2.1
	268.974
	0.2
	30.6
	34
	30
	29
	26
	0.138
	2372000
	102.2071

	6:30
	0
	0
	0
	29.8
	32
	29
	28
	24
	0.09
	2372000
	

	7:00
	0
	0
	0.4
	29.1
	29
	26
	27
	23
	0.078
	2372000
	-

	
	Average
	562.853
	
	
	
	
	
	                                Average 
	21.84311




Nocturnal output from 7 p.m. to 6 a.m. is 1.015 ml

Day output from 9:00 a.m. to 5:30 p.m. is 2.676kg


Table (3.12) Performance study of the pyramid cover solar still
Date: 11.2.11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection for every 30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	6:00
	0
	0
	0
	19.3
	14
	15
	15
	14
	0
	2372000
	0

	6:30
	0.1
	7.911
	0
	19.5
	14
	17
	15
	16
	0
	2372000
	

	7:00
	0.4
	31.644
	0
	19.6
	16
	18
	17
	17
	0
	2372000
	0

	7:30
	1.1
	87.021
	0.1
	19.9
	17
	21
	18
	17
	0
	2372000
	

	8:00
	2.5
	197.775
	0.4
	21.1
	17
	23
	19
	17
	0
	2372000
	0

	8:30
	4.1
	324.351
	0
	23.1
	19
	27
	21
	18
	0
	2372000
	

	9:00
	6.7
	530.037
	0.8
	25.1
	21
	28
	22
	24
	0.001
	2372000
	0.187921

	9:30
	8.5
	672.435
	1.2
	30
	29
	31
	25
	28
	0.003
	2372000
	

	10:00
	9.7
	767.367
	1.4
	30
	29
	35
	28
	29
	0.009
	2372000
	1.168212

	10:30
	10.6
	838.566
	0.6
	29.1
	29
	39
	32
	30
	0.015
	2372000
	

	11:00
	12.1
	957.231
	0
	30.5
	35
	43
	35
	33
	0.028
	2372000
	2.913558

	11:30
	12.9
	1020.519
	0
	31
	38
	45
	37
	35
	0.047
	2372000
	

	12:00
	13
	1028.43
	1.3
	30.8
	46
	52
	44
	40
	0.079
	2372000
	7.65129

	12:30
	13.3
	1052.163
	0
	31.2
	48
	53
	45
	40
	0.095
	2372000
	

	1:00
	13.4
	1060.074
	1.1
	32.5
	49
	53
	49
	41
	0.121
	2372000
	11.36924

	1:30
	12.5
	988.875
	0.8
	32.5
	50
	53
	50
	42
	0.147
	2372000
	

	2:00
	12
	949.32
	0
	33.4
	52
	54
	52
	42
	0.171
	2372000
	17.94179

	2:30
	10.3
	814.833
	0
	33.2
	51
	54
	49
	41
	0.21
	2372000
	

	3:00
	9
	711.99
	2.1
	33
	50
	53
	48
	40
	0.24
	2372000
	33.57528

	3:30
	7.8
	617.058
	1.8
	32.8
	50
	52
	47
	39
	0.22
	2372000
	

	4:00
	6.4
	506.304
	1.2
	32.5
	49
	51
	47
	38
	0.197
	2372000
	38.75584

	Contd….

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/s2)
	Temperature (  ͦC)
	Water Collection (kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	4:30
	4.3
	340.173
	0.4
	31.9
	47
	51
	46
	34
	0.174
	2372000
	

	5:00
	3.1
	245.241
	1.2
	31.2
	44
	48
	44
	33
	0.139
	2372000
	56.45521

	5:30
	1.7
	134.487
	0.1
	29.8
	41
	45
	42
	30
	0.112
	2372000
	

	6:00
	0.9
	71.199
	0.3
	29.2
	37
	41
	36
	27
	0.087
	2372000
	121.7104

	6:30
	0
	0
	0
	28.5
	36
	33
	36
	26
	0.079
	2372000
	

	7:00
	0
	0
	0
	28.5
	34
	31
	35
	25
	0.049
	2372000
	-

	
	Average
	516.852
	
	
	
	
	
	                              Average
	24.31072


Day output from 9:00 a.m. to 5:30 p.m. is 2.243kg




Table (3.13) Performance study of the still coupled with electrical temperature controller (Indoor setting)
           Date: 24.2.11
           Setting temperature: 40°C
	

	Time of the day
	Water collection(kg)
	Water temperature(˚C)

	9:55a.m.-10:25 a.m.
	0.036
	40

	10:25a.m.-10:55 a.m.
	0.038
	40

	10:55a.m.-11:25 a.m.
	0.042
	40

	11:25a.m.-11:55 a.m.
	0.048
	42

	11:55a.m.-12:25 p.m.
	0.051
	41

	12:25p.m.-12:55p.m.
	0.057
	41

	      12:55p.m.-1:25p.m.
	0.058
	42

	        1:25p.m.-1:55p.m.
	0.061
	41



Setting temperature: 50°C
	
	
	

	Time of the day
	Water collection(kg)
	Water temperature(˚C)

	         2:15p.m.-2:45 p.m.
	0.080
	50

	           2:45p.m.-3:15p.m.
	0.087
	49

	         3:15p.m.-3:45p.m.
	0.095
	49

	         3:45p.m.-4:15p.m.
	0.102
	50

	        4:15p.m.-4:45p.m.
	0.110
	51

	         4:45p.m.-5:15p.m.
	0.123
	50


           Setting temperature: 60°C

	Time of the day
	Water collection(kg)
	Water temperature(˚C)

	6:50p.m.-7:20p.m.
	0.189
	60

	    7:20p.m.-7: 50p.m.
	0.193
	59

	         7:50p.m.-8:20p.m.
	0.198
	61

	          8:20p.m.-8:50p.m.
	0.201
	60


Table (3.14) Performance study of the still coupled with electrical

temperature controller (Indoor setting)

          Date: 25.2.11

            Setting temperature: 40°C

	Time of the day
	Water collection(kg)
	Water temperature(˚C)

	      9:15a.m.-9:45a.m
	0.031
	40

	9:45a.m.-10:15 a.m.
	0.035
	41

	10:15a.m.-10:45 a.m.
	0.037
	39

	10:45a.m.-11:15 a.m.
	0.042
	41

	11:15a.m.-11.45 a.m.
	0.047
	40

	11:45a.m.-12:15 p.m.
	0.052
	41


           Setting temperature: 50°C

	Time of the day
	Water collection(kg)
	Water temperature(˚C)

	12:45p.m.-1:10p.m
	0.078
	51

	1:10p.m.-1:40 p.m.
	0.089
	50

	1:40p.m.-2:10 p.m.
	0.090
	50

	2:10p.m.-2:40 p.m.
	0.112
	51

	2:40p.m.-3:10 p.m.
	0.120
	50


           Setting temperature: 60°C

	
	
	

	Time of the day
	Water collection(kg)
	Water temperature(˚C)

	         4:10p.m.-4:40p.m
	0.197
	59

	4:40p.m.-5:10 p.m.
	0.201
	60

	5:10p.m.-5:40 p.m.
	0.217
	59

	5:40p.m.-6:10 p.m.
	0.220
	59

	6:10p.m.-6:40 p.m.
	0.227
	60

	6:40p.m.-7:10 p.m.
	0.230
	60


Table (3.15a) Performance study of the still coupled with temperature controller

Date: 2.3.11

Setting temperature: 60°C

	Time of the day
	Water collection(kg)
	Water temperature(˚C)

	6:30p.m.-7:00 p.m.
	185
	60

	7:00p.m.-7:30 p.m.
	197
	59

	7:30p.m.-8:00 p.m.
	201
	59

	8:00p.m.-8:30 p.m.
	222
	61


Nocturnal output from 8:30 p.m. to 6:30 a.m. is 0.336 kg
Table (3.15b) Performance study of the still coupled with temperature controller

Date: 3.3.11

Setting temperature: 50°C

	Time of the day
	Water collection(kg)
	Water Temperature(˚C)


	5:50p.m.-6:20 p.m.
	102
	49

	6:20p.m.-6:50 p.m.
	115
	50

	6:50p.m.-7:20 p.m.
	128
	50

	7:20p.m.-7:50 p.m.
	132
	50


Nocturnal output from 8:00 p.m. to 6:00 a.m. is 0.449 kg
Table (3.15c) Performance study of the still coupled with temperature controller

           Date: 6.3.11

Setting temperature: 40°C

	Time of the day
	Water collection (kg)
	Water temperature(˚C)

	6:50p.m.-7:10 p.m.
	0.041
	40

	7:10p.m.-7:40 p.m.
	0.045
	39

	7:40p.m.-8:10 p.m.
	0.052
	41

	8:10p.m.-8:40 p.m.
	0.059
	40


Nocturnal output from 9:00 p.m. to 6:00 a.m. is 0.467 kg
Table (3.16) Water temperature Vs Distillate output for Solar still

	
	
	
	
	Solar still

	S.No.
	
	
	
	
	
	
	
	
	

	
	
	
	Decoupled with electrical
	
	
	Coupled with electrical

	
	
	Time of the day
	temperature controller
	
	Time of the day
	temperature controller

	
	Date
	
	
	
	Date
	
	
	
	

	
	
	
	Water Temperature
(˚C)
	Distillate output 

(ml)
	
	
	Water Temperature (˚C)
	Distillate output (ml)
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	1
	
	2:00p.m.-

2:30p.m.
	59
	231
	2.3.11
	8:00p.m.-8:30p.m.
	60
	222
	

	
	27.1.11
	
	
	
	
	
	
	
	

	2
	
	12:00p.m.-12:30p.m.
	50
	103
	3.3.11
	7:20p.m.-7:50p.m.
	50
	132
	

	
	
	
	
	
	
	
	
	
	

	3
	
	10:30a.m.-11:00a.m.
	41
	59
	6.3.11
	8:10p.m.-8:40p.m.
	40
	59
	



3.6
SYSTEM EFFICIENCY


The efficiency of the still is defined as a ratio of useful heat to the total heat input. The hourly performance of the still was studied.


The efficiency of the solar still is
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Daily distillate output of the still is  Me  =  Qe / L.
Efficiency (()   =   
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where,  

           Me is the distillate output in kg / m2

((t) is the solar insolation in W/ m2

T is time in seconds


L is the latent heat of vaporization   =   2372000 J / kg


A is the area of the still in m2

Here area is calculated for the pyramid cover consisting of four triangular pieces each of base 0.735 m and altitude 0.45 m adjoined at the apex. 


Area of each triangular surface
=
½ (bh) m2






=
½ (0.735 x 0.45) m2






=
0.165375 m2 (for one sample)


Total area of absorber cover
=
0.165375 x 4







=
0.6615 m2 (for four sample)


An example calculation for the experiment on 16th December, 2010, 1.30 – 2.00 pm for without electrical thermal controller is given below.


Efficiency (()
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Efficiency (()

=
18.45359071
3.7
THERMAL ANALYSIS OF THE STILL DECOUPLED WITH ELECTRICAL THERMAL CONTROLLER


Sample calculation of the thermal analysis of the constructed pyramid cover solar still is as follows. 

Readings of the still decoupled with electrical temperature controller


Date
:
16th December 2010


Time
:
2.00 pm


Tw
=
54(C            Tg
=
43(C

            Tamb
=
33.5(C          Tw – Tg
=
11(C


(
=
5.67 x 10-8

(
=
emissivity of the absorbing surface  =  0.88


P(T)
=
exp 
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P(W)
=
P (54(C)   =   exp
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Pw
=
14561.26

P(g)
=
P(43(C)



=
exp 
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Pg
=  8421.304298

Pw – Pg
=
6139.955
3.7.1
Internal heat transfer

Radiative loss coefficient (hrw)


hrw
=
( ( [(Tw + 273)2 + (Tg + 273)2] [Tw + Tg + 546]


(
=
0.88


hrw
=
0.88 x 5.67 x 10-8 [(54 + 273)2 + (43 + 273)2] [54 + 43 + 546)


hrw
=
6.468985265 w / m2

qrw
=
hrw (Tw – Tg)



=
6. 468985265 (54 – 43)


qrw
=
71.1588392 w / m2 ((C)
Convective loss coefficient (hcw)


hcw
=
0.884 
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=
0.884 
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hcw
=
1.991136048 w / m2

qcw
=
hcw (Tw – Tg)



=
1.991136048 (11)


qcw
=
21.90249652
Evaporative loss coefficient (hew)


hew
=
16.273 x 10-3hcw 
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hew
=
16.273 x 10-3 x 1.991136048 x 558.1777273

hew
=
18.08593903 w / m2 ((C)


qew
=
hew (Tw – Tg)



=
18.08593903 (11)


qew
=
198.9453293 w / m2 ((C)

Now ,  hlw
=
hrw + hcw + hew


=
6.468985265 + 1.991136048 + 18.08593903

hlw
=
27.00587534 w / m2
3.7.2
External heat transfer


Since the system is well insulated at the bottom and sides the computation of external heat transfer only radiative and convective losses are considered


The radiative heat transfer co-efficient is given by,


hra
=
(g ( 
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where,


Tsky

=
Tamb – 6


Tsky

=
27.5(C                   Tg        =
43(C

            Tg – Tamb
=
9.5(C

            hra

=
0.88 x 5.67 x 10‑8 
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hra

=
9.543716042 w / m2

qra

=
hra (Tg – Tamb)




=
9.543716042 (9.5)


qra

=
90.6653024 w / m2 ((C)


hca

=
2.8 + 3.0 V




=
2.8 + 3.0 (1.9)


hca

=
8.5 w / m2 


qca

=
hca (Tg - Tamb)




=
8.5 (9.5)


qca

=
80.75 w / m2 ((C)


The total heat transfer coefficient from glass cover to ambient (hla) is given by


hla
=
hra + hca


=
18.04371604 w / m2

The combined radiative and convective heat transfer co-efficient is, 


hla
=
5.7 + 3.8 V



=
5.7 + 3.8 (1.9)


hla
=
12.92 w / m2
3.7.3
Overall heat transfer


Ut
=
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Ut
=
0.11442836
3.8
DETERMINATION OF DISTILLATE OUTPUT (ML)


The distillate output is observed as well as predicted theoretically without electrical thermal controller.

Predicted Distillate Output


The predicted distillate output at   2:00 p.m. is given as, 


Mew
=
qew x 3600   =   
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Mew
=
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=
0.301940634 kg / m2
Observed Distillate Output


The observed distillate output at 2:00 p.m.

Mew

=
192 ml




=
0.192 litres


Mew

=
0.192 kg
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Mew

=
0.290249433 kg / m2
​3.9
DETERMINATION OF THERMAL EFFICIENCY (()


The thermal efficiency of the still is also observed as well as predicted decoupled with electrical thermal controller.

Predicted Efficiency


(pre
=
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(pre
=
29.02025457 %
Observed Efficiency


(obs
=
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(obs
=
27.89658458 %
3.10
Determination of Distillate Gain (%)


Distillate gain (%) can be determined using the formula,


Distillate gain (%)
=
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where,


M is the mass of the total distillate / day (8 hours) in litres 


L is the latent heat in kilojoules


Aw is the surface area of water in m2

t is  time in seconds for distillate collection

Calculation for Distillate Gain (%)

Without Electrical Thermal Controller

​
Date

:
9th January


Gain (%)
=
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Gain (%)
=
30.46091
3.11
PHYSICAL AND CHEMICAL ANALYSIS OF WATER BEFORE AND AFTER SOLAR DESALINATION      

Table (3.17):  Physical examination

	S.No.
	Physical parameters
	Test results for tap water sample
	Test results of solar distillate sample

	1.
	Appearance
	Clear 
	Clear

	2.
	Colour (Pt – Co Scale)
	Colourless
	Colourless

	3.
	Odour
	None
	None

	4.
	Turbidity NT Units
	2
	1

	5.
	Total dissolved solids (mg / ()
	118
	25

	6.
	Electrical conductivity (micromho/cm)
	168
	36


Table (3.18):  Chemical examination

	S.No.
	Chemical parameters
	Test results for tap water sample
	Test results of solar distillate sample

	1.
	pH
	7.48
	7.45

	2.
	Alkalinity pH
	0
	0

	3.
	As CaCO3
	42
	9

	4.
	Total hardness as CaCO3
	45
	11

	5.
	Calcium as Ca
	12
	3

	6.
	Magnesium as Mg
	4
	1

	7.
	Sodium as Na
	15
	3

	8.
	Potassium as K
	1
	0

	9.
	Iron as Fe
	0
	0

	10.
	Manganese as Mn
	0
	0

	11.
	Free Ammonia as NH3
	0
	0

	12.
	Albuminoid Ammonia as NH3
	0
	0

	13.
	Nitrite as NO2
	0
	0

	14.
	Nitrate as NO3
	2
	1

	15.
	Chloride as Cl
	22
	4

	16.
	Fluorid as F
	0.2
	0

	17.
	Sulphate as SO4
	6
	2

	18.
	Phosphate as PO4
	0
	0



The physical and chemical analysis for the tap water and distilled water were made at the Regional Laboratory of Tamil Nadu Water Board (TNWB), Coimbatore. The samples were tested for colour, turbidity, total dissolved solids, electrical  conductivity, pH, alkalinity chloride, fluoride, sulphate, phosphate and the results are tabulated in the tables (3.17-3.18)
3.12
TECHNO – ECONOMIC ANALYSIS


The simple techno – economic analysis (Tiwari and Yadav, 1987) of the effectiveness of solar distillation systems considers the capital cost of the system ‘P’ and the rate of capital recovery ‘C’. The first annual cost of the system A( can be determined by the following formula.


A(
=
Pr 
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where,


r is the rate of interest


n is the life of the system (years)


The salvage value of the system is considered as the cost of usable material saved even after the system’s life is over. The first annual salvage value V can be determined by,


V
=
S x F

where,


F is a depreciation factor is given by


F
=
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If M is the annual maintenance cost of the system then the total annual cost is A + M – V, the calculation of this analysis for the newly designed pyramid cover solar still of area 0.6615 m2 is given below.
Calculation

First year


Principal (P1)
=
Rs.5000/-


Expected life span of the system (n)
=
7 years


Rate of interest at 6.5% (r)
=
0.065


Annual maintenance cost (M1)
=
Rs.200/-


Scrap value
=
Rs.1000/-


The first annual cost of the system,


A1(
=
5000 x 
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  =  911.7



A1(
=
Rs.912/-


Depreciation factor,



F1
=
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F1
=
0.1173


First annual salvage value



V1
=
S x F1



=
1000 x 0.1173   =   117.3



V1
=
Rs.117/-


Total annual cost for first year




=
A1 + M1 – V1



=
912 + 200 – 117




=
Rs.995/-

Second Year


Principal
=
5000 – 912   =   4088


Principal (P2)
=
Rs.4088/-


Expected life span of the system (n)
=
6 years


Rate of interest at 6.5% (r)
=
0.065


Annual maintenance cost (M2)
=
200 +
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200  =  Rs.220/-

Scrap value (S) 
=
Rs.1000/-


The second annual cost of the system,



A2(
=
4088 x 
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  =  844.5



A2(
=
Rs.845/-


Depreciation factor,



F2
=
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F2
=
0.1415


The second annual salvage value



V2
=
S x F2



=
1000 x 0.1415   =   141.5



V2
=
Rs.142/-


Total annual cost for second year




=
A2 + M2 – V2



=
845 + 220 – 142




=
Rs.923/-


The total life span of the system is assumed as 7 years Likewise, the total annual cost of the system for successive years, third year to seventh year are Rs.781/-, Rs.719/-, Rs.658/-, Rs.596/-, Rs.521/-. Hence at the end of the life span of the system, the scrap value of Rs.1000/- is realized. The amount towards the maintenance of the system is calculated as Rs.354/- for the seventh year and the annual cost of the system at the seventh year is calculated as Rs.521/-. Hence the total amount that has to be spent on the system towards the end of the seventh year is Rs.875/-. Now by deducting the amount spent from scrap value we obtain Rs.125/-. This amount and the cost incurred from the distilled water is the profit obtained towards the life span of the system.  

Still coupled with electrical thermal controller:

                          Cost of the Electrical thermal controller  = Rs.1000
                                             with heating coil of 1500W     

If   usage of electrical back up is 1 hour/day 

Then,  The approximate usage of electricity, unit/month =45 units

Therefore ,                                                 For unit /day   =1.5 units

                     Units of electricy utilized for 3 ½ hours /day =5.25 units

                  for 1 unit electricity, Electricity Board charges= Rs.6.50
                                             Therefore for 5.25 units /day = 5.25 units x 6.50
                                                                                            =Rs.34.125
                                                   Cost of 5.25 units/month =Rs.1023.75/month
                                                     Cost of   5.25 units/year =Rs.12455.625 /year
                Total annual cost of the still without electrical     =Rs.995

                                       temperature controller per year  

Total annual cost of the still when coupled with electrical  =Rs.1000 +995+12455.625 
                                           temperature controller per year   

                                                                  = Rs.14450.625
The distillate output yield for both solar radiation utilizing solar still and still with electrical temperature controller is more or less same. But the Cost of the solar still utilizing electricity for evaporation is 15 times greater than that of the solar still with the use of solar radiation. This analysis shows that solar still which is exposed to solar energy is highly economical and profitable.
CHAPTER IV

RESULTS AND DISCUSSION

4.1 PERFORMANCE ANALYSIS
Solar still with pyramid cover is investigated for its performance in this study for a number of days. Temperature profiles of water, ambient, cover, air, absorbent, amount of distillate output including nocturnal output were observed. The performance of the still with and without electrical thermal controller is analyzed, for augmenting the productivity. The instaneous and daily efficiency were calculated. Heat transfer coefficients were computed. Numerical calculations are carried out for comparing the observed values of heat transference with theoretical values. Techno economic analysis is estimated for the system reliability. The quality of distilled water yield is examined by a physical and chemical properties test carried out on a collected sample of water in the Regional Laboratory, Tamil Nadu Water Supply and Drainage Board, Coimbatore. 

4.2. EFFICIENCY OF THE SYSTEM

The instaneous efficiency and daily efficiency are calculated for each day’s observations. The daily average thermal efficiency decoupled with electrical thermal controller is in the range of 0-25%

4.3 THERMAL ANALYSIS
The thermal analysis of the pyramid cover solar still has been carried out .Heat transfer coefficients due to internal and external transfer of heat are calculated.

4.4. COMPUTATION OF DISTILLATE OUTPUT AND EFFICIENCY

The experimentally observed values of distillate output and the efficiency are compared with the theoretically predicted values for still decoupled with electrical thermal controller. The values are in agreement with slight deviation. This is due to the difficulty of the experiments carried out on different dates of varying solar insolation. The disagreement on a lower scale in the experimental and the theoretical values are due to changes in the solar insolation on different dates.

4.5 DISTILLATE OUTPUT OF THE SYSTEM
At the temperature 40ºC, 50ºC, and 60ºC, the maximum distillate output produced by the still when decoupled with electrical thermal controller is in the range of 40 to 80, 90 to 150 and 150 to 230 respectively. For the same temperatures the maximum output produced by the still when coupled with electrical thermal controller is in the range of 40 to 60, 80 to 120 and 120 to 220 respectively.

4.5 PHYSICAL AND CHEMICAL ANALYSIS OF THE DISTILLATE
The collected samples of distillate yield were physically and chemically analyzed in the Regional Laboratory, Tamil Nadu Supply and Drainage Board, Coimbatore. The distilled water was found to be chemically potable in quality. The analysis shows clearly, that the total dissolved solids were reduced to very low values and pH was found to be, 7.45 which is the normal pH of distilled water and the values of calcium, magnesium, nitrate, chloride, fluoride and sulphate are found to be negligible. Hence the solar distilled water was found to be superior to the saline water in physical as well as chemical analysis of the water samples.

4.6 GRAPHICAL ANALYSIS

The graphs are plotted between the various observed parameters such as solar insolation, efficiency, distillate output, temperature profiles of various junctions etc, during selected sunny days of experimentations.

Fig (4.1) shows the variation of temperature profiles with time, still decoupled with electrical thermal controller. The cover temperature of the still increases as the day progresses because of the increased evaporation of water from basin and consequent condensation of water vapour at the bottom surface of the top cover. Ambient temperature variation depends on atmospheric condition. The temperature of water and glass cover increases in the morning hours to maximum values around noon time before they start to decrease late in the afternoon. This is due to the increase of solar insolation in the morning and the decrease in the afternoon.

Distillate output with respect to time increases in the morning and then decreases in the afternoon because of varying solar insolation. It is found out in the Fig (4.2)

The variation of insolation with respect to time shown in the Figure (4.3) it increased linearly with time and reached the maximum value from 12 noon to 2 p.m. and then decreased. Radiation received during this study is in the range of 0 to 1200 W/m2 

The variation of the average efficiency with respect to no. of days is drawn in Figure (4.4) Average efficiency is varied according to solar insolation and water collection for different days.

Figure (4.5) shows the variation of the average insolation with respect to no. of days. Average insolation is varying for different days.

The water temperature and distillate output with respect to time decoupled with electrical thermal controller is shown in fig (4.6). Water Temperature and the distillate yield increases in the morning hours and starts to decrease late in the afternoon because of decrease in solar insolation

Figure (4.7) shows the variation of temperature profile and distillate output with respect to time decoupled with electrical thermal controller. Temperature and the distillate yield increases in the morning hours and starts to decrease late in the afternoon because of decrease in solar insolation.

Figure (4.8) shows the histogram for water temperature with respect to distillate output for the Pyramid still decoupled with electrical thermal controller.

Figure (4.9), (4.10), (4.11) shows the histogram for water temperature with respect to distillate output for the Pyramid still coupled with electrical thermal controller.

The histogram for water temperature with respect to distillate output for the Pyramid still decoupled and coupled with electrical thermal controller is found out Table (3.15) .This shows that both studies give approximately distillate output for corresponding temperatures.

In general Still performance which is decoupled with electrical thermal controller is reasonable with a good daily output. The still coupled with electrical thermal controller is cost effective, even though it gives daily output similar to the conventional still.


Fig. (4.1)  Time Vs. Temperature Profiles (Date:  16.12.2010)
                               Fig. (4.2) Distillate Output Vs. Time (Date:  09.01.2011)
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Fig. (4.3)  Insolation vs. Time (Date:  20.01.2011)

Fig. (4.4)  Number of Days Vs. Average Efficiency


                         Fig. (4.5)  Number of Days Vs. Average Insolation
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Fig. (4.6)  Water Temperature / Distillate Output Vs. Time (Date:  08.11.2011)


Fig. (4.7)  Temperature Profile / Distillate Output Vs. Time (Date  :  03.02.2011)
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Fig. (4.8)  Water Temperature Vs. Distillate Output (Date :  11.02.2011)

(With solar energy)
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Fig. (4.9)  Water Temperature Vs. Distillate Output

(With electrical energy)( Date:  02.03.2011)

Fig. (4.10)  Water Temperature Vs. Distillate Output

(With electrical energy) (Date:  03.03.2011)
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Fig. (4.11)  Water Temperature Vs. Distillate Output

(With electrical energy) (Date:  06.03.2011)
Table (4. 1) Time Vs Temperature profiles

                                                                                       Date: 16.12.2010
	S.No.
	Time of the day
	Temperature (ºC)

	
	
	Room
	Water
	Air
	Absorbent
	Top cover

	1
	9:00
	25.7
	28
	20
	27
	26

	2
	9:30
	26
	29
	24
	33
	26

	3
	10:00
	28
	33
	29
	35
	29

	4
	10:30
	29.5
	40
	39
	44
	34

	5
	11:00
	30.5
	46
	45
	51
	39

	6
	11:30
	32
	48
	47
	52
	40

	7
	12:00
	32.8
	52
	52
	56
	41

	8
	12:30
	33
	53
	54
	57
	42

	9
	1:00
	33.5
	54
	56
	58
	43

	10
	1:30
	35
	54
	56
	59
	43

	11
	2:00
	33.5
	54
	55
	57
	43

	12
	2:30
	34.5
	53
	51
	56
	42

	13
	3:00
	34.4
	54
	48
	54
	41

	14
	3:30
	34.2
	51
	48
	52
	40

	15
	4:00
	34.3
	47
	48
	51
	37

	16
	4:30
	34.1
	46
	47
	48
	34

	17
	5:00
	33.8
	43
	47
	45
	33

	18
	5:30
	33.3
	42
	46
	42
	32


Table (4.2) Distillate output Vs Time  (Date: 9.1.11)
	S.No.
	Time  of the day
	Distillate output for every 30 minutes(ml)

	1
	9:00
	6

	2
	9:30
	15

	3
	10:00
	23

	4
	10:30
	37

	5
	11:00
	57

	6
	11:30
	68

	S.No.
	Time  of the day
	Distillate output for every 30 minutes(ml)

	7
	12:00
	89

	8
	12:30
	115

	9
	1:00
	132

	10
	1:30
	157

	11
	2:00
	180

	12
	2:30
	210

	13
	3:00
	187

	14
	3:30
	162

	15
	4:00
	139

	16
	4:30
	115

	17
	5:00
	92

	18
	5:30
	78


Table (4.3) Insolation Vs Time

                                          Date: 20.1.11

	S.No.
	Time of the day
	Insolation (W/m2)

	1
	9:00
	308.529

	2
	9:30
	324.351

	3
	10:00
	624.969

	4
	10:30
	743.634

	5
	11:00
	822.744

	6
	11:30
	862.299

	7
	12:00
	901.854

	8
	12:30
	957.231

	9
	1:00
	1004.697

	10
	1:30
	1004.697

	11
	2:00
	1012.608

	12
	2:30
	965.142

	13
	3:00
	925.587

	14
	3:30
	814.833

	15
	4:00
	569.592

	16
	4:30
	466.749

	17
	5:00
	94.932

	18
	5:30
	31.644


Table (4.4) No. of days Vs Average efficiency
	S.No.
	No. of days
	Average efficiency (%)

	1
	1
	16.53314

	2
	2
	22.3859

	3
	3
	20.4170

	4
	4
	20.22088

	5
	5
	18.8792

	6
	6
	24.06024

	7
	7
	16.35595

	8
	8
	19.38338

	9
	9
	20.08751

	10
	10
	17.71108

	11
	11
	21.843105

	12
	12
	24.31072


Table (4.5) No. of days Vs Average insolation

	S.No.
	No. of days
	Average insolation (W/m2)

	1
	1
	774.399

	2
	2
	642.549

	3
	3
	598.159

	4
	4
	683.862

	5
	5
	707.155

	6
	6
	811.442

	7
	7
	751.545

	8
	8
	704.958

	9
	9
	628.924

	10
	10
	708.034

	11
	11
	562.853

	12
	12
	516.852


Table (4.6) Water Temperature /Distillate output Vs Time

                                                                                                            Date: 8.1.11

	S.No
	Time of the day
	Water Temperature(ºC)
	Distillate output for every 30 minutes(ml)

	1
	9:00
	29
	0

	2
	9:30
	30
	12

	3
	10:00
	33
	30

	4
	10:30
	38
	41

	5
	11:00
	40
	58

	6
	11:30
	41
	87

	7
	12:00
	46
	105

	8
	12:30
	50
	127

	9
	1:00
	53
	142

	10
	1:30
	56
	175

	11
	2:00
	58
	197

	12
	2:30
	55
	225

	13
	3:00
	53
	203

	14
	3:30
	52
	190

	15
	4:00
	52
	152

	16
	4:30
	50
	130

	17
	5:00
	49
	99

	18
	5:30
	47
	62


Table (4.7) Temperature profile/ Distillate output Vs Time

                                                                                                                Date:3.2.11

	S.No.
	Time
	Temperature (ºC)
	Distillate output for every 30 minutes(kg)

	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	

	1
	9:00
	25.8
	24
	29
	26
	26
	0

	2
	9:30
	26.1
	25
	31
	27
	28
	0.019

	3
	10:00
	27
	27
	35
	28
	29
	0.033

	4
	10:30
	28.5
	31
	39
	31
	31
	0.044

	5
	11:00
	29
	37
	43
	36
	31
	0.058

	6
	11:30
	29.3
	40
	46
	40
	34
	0.081

	S.No.
	Time
	Temperature (ºC)
	Distillate output for every 30 minutes(kg)

	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	

	7
	12:00
	30.5
	45
	51
	45
	38
	0.095

	8
	12:30
	31
	49
	52
	49
	39
	0.108

	9
	1:00
	32
	51
	53
	51
	40
	0.141

	10
	1:30
	32.4
	52
	54
	52
	40
	0.173

	11
	2:00
	32.7
	52
	52
	49
	39
	0.201

	12
	2:30
	32.9
	50
	51
	49
	39
	0.237

	13
	3:00
	35.2
	49
	50
	49
	38
	0.213

	14
	3:30
	34.2
	49
	50
	49
	37
	0.191

	15
	4:00
	33.2
	47
	49
	47
	37
	0.162

	16
	4:30
	32
	44
	46
	43
	36
	0.129

	17
	5:00
	30
	42
	42
	41
	34
	0.091

	18
	5:30
	29.4
	41
	40
	40
	33
	0.075


 Table (4.8) Water temperature Vs Distillate output (with solar energy)
                                                    Date: 11.2.11

	S.No.
	Water temperature (ºC)
	Distillate output for every 30 minutes(ml)

	1
	14
	0

	2
	14
	0

	3
	16
	0

	4
	17
	0

	5
	17
	0

	6
	19
	0

	7
	21
	1

	8
	29
	3

	9
	29
	9

	10
	29
	15

	11
	35
	28

	12
	38
	47

	13
	46
	79

	14
	48
	95

	15
	49
	121

	16
	50
	147

	17
	52
	171

	18
	51
	210

	19
	50
	240

	20
	50
	220

	21
	49
	197

	22
	47
	174

	23
	44
	139

	24
	41
	112

	25
	37
	87

	26
	36
	79

	27
	34
	49


Table (4.9) Water temperature Vs Distillate output (with electrical energy)
                                                                                           Date: 2.3.11

	S.No.
	Water Temperature(ºC)
	Distillate output for every 30 minutes(ml)

	1
	60
	185

	2
	59
	197

	3
	59
	201

	4
	61
	222


Table (4.10) Water temperature Vs Distillate output (with electrical energy)
                                                                                           Date: 3.3.11

	S.No.
	Water Temperature(ºC)
	Distillate output for every 30 minutes(ml)

	1
	49
	102

	2
	50
	115

	3
	50
	128

	4
	50
	132


Table (4.11) Water temperature Vs Distillate output (with electrical energy)
                                                                                           Date: 6.3.11

	S.No.
	Water Temperature (ºC)
	Distillate output for every 30 minutes(ml)

	1
	40
	41

	2
	39
	45

	3
	41
	52

	4
	40
	59


CHAPTER V

SUMMARY AND CONCLUSION


A simple basin still made up of blackened mild steel plate with pyramid shaped glass cover is tested for its performance, with and without electrical thermal controller.


The following conclusions are drawn from experimental results.


The average efficiency and distillate output were found out for solar still utilizing solar energy.


The distillate output is observed that it increases linearly during the morning time due to the increase of insolation, reaches a maximum value around noon time and then decreases late in the afternoon.


The nocturnal distillate output from 7 p.m. to 6 a.m. is also observed for both conventional solar exposed still and electrical thermal controller coupled still.


The efficiency and distillate outputs are also calculated both experimentally and theoretically and both are found to be closer.


Techno economic analysis done for the system shows that the solar still  exposed to solar radiation is profitable than the electrical thermal controller coupled still.


The physical and chemical analyses were done for the water sample and the quality of the distillate water is found to be superior in terms of turbidity, dissolved solids, hardness and pH value.

Graphical analyses have been done for the still performance with various influencing parameters.


All the analysis, tabulation, computation done in the still indicate that the still performance depends on various meteorological parameters such as ambient temperature, solar insolation and wind velocity. Maximum output is possible with higher insolation.


Solar energy is a free, infinite and non-polluting source of energy. The amount of distillated water is maximum at higher insolation. Distilled water amount is maximum at temperatures 40°C 50°C, 60°C. The still output set at temperatures 40°C, 50°C, 60°C during night time with the supply of electrical energy to cause evaporation is found to be more or less the same. Appreciable results are obtained from the still with and without electrical temperature controller to the still. On comparing the techno economic analysis, it is clear that the still performance with electrical temperature controller is cost effective than with the use of direct solar energy. Performance of the still utilizing solar energy is economically viable. It is concluded that, conventional solar still exposed to solar radiation is profitable.

Limitations:

· Use of AC electrical temperature controller, may cause electrical shock.
· Difficulty in replacement of the pyramid top cover.
· Difficulty in measuring the temperature profiles, for the still coupled to  electrical temperature controller 
Suggestions:

· The yield may be increased by increasing the insulation thickness.
· The performance of the still can be improved by fixing external reflectors.
· The productivity can be increased by decreasing the depth of water. 
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