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CHAPTER I

INTRODUCTION

1.1 INTRODUCTION
Energy is the major factor in the development of mankind. A nation which generates energy many times more than the muscular power can only attain the high level of the industrial and agricultural growth. National income is directly proportional to the energy consumed by the nation. It is essential that developing countries like India must develop their energy sources to achieve higher standards of living for their population. It is a crime against nature and future generations to use our irreplaceable fossil fuels for low temperature heating. (M.P Agarwal 1983).
1.2 ENERGY CRISIS

 
Energy plays a key role in the impart of main survival development. Due to the fast depletion of fossil fuel and increases of population, there is an acute shortage of energy which inducts man to hunt for never form of energy.

1.3 ENERGY SOURCES

Today every country draws its energy needs from a variety of sources. We can broadly categorize these sources into two types. 
· Conventional energy sources

Non–renewable or Conventional energy sources of energy are that natural resources which are exhaustible and cannot be replaced once they are used.

                   Ex: Coal, Oil, Gas, Agriculture and Organic waste, Water power, Nuclear power. (Chauhan D.S and Srivastava S.K, 2004).

· Non- Conventional energy sources

Renewable or non- conventional sources of energy are that natural resource which are inexhaustible and can be used to produce energy again and again.

Ex: Solar energy, wind energy, energy from Biomass and Biogas, Ocean thermal energy conversion, tidal energy, geothermal energy, hydrogen energy.
(Chauan D.S and Srivastava S.K, 2004).

1.4 REASON FOR CHOICE OF RENEWABLE 

Global Warming

Traditional energy sources like oil and coal release dreadful gases in the air. Moreover the industrial processes which rely heavily on the conventional energy resources like coal, oil and gas not only release harmful gases in the air but also lot of industrial waste. This industrial waste is in the form of acids and other dangerous fluids. The emission of harmful gases in the air throughout the world has put extreme negative influence on climate. The climate is changing rapidly and there is more pollution. This pollution in turn has resulted in warming our planet earth. The process of global warming is largely due to the use of non renewable energies and the related processes. Hence the scientist realized that human beings need for some new and environmental friendly energy sources, known as the renewable energy sources or non-conventional energy sources.
1.5 SOLAR ENERGY

Solar energy can be major source of power. Its potential is 178 billion MW is about 20.000 times the world’s demand (Rai G.D, 2006). The Sun is almost inexhaustible source of energy. Heat energy directly taped from the sun is used in cookers to cook food or in solar heaters to heat water. The sun’s energy can be concentrated by big concave reflectors and used to boil water to obtain steam and produce electricity. The biggest advantage of solar energy is that it is free of pollution (V.K. Prabhaker, 2001).Solar energy has the greatest potential of all the source of renewable energy and if only a small amount of this form of energy could be used. It will be one of the most important supplies of energy depleted.
 
Energy comes to the earth from the sun it is the energy given off by the sun in the form of electromagnetic radiation, at a total rate of 380*1014 w of this, 173*10 15w falls on the earth. The term solar energy may be applied to any of the numerous ways like wind energy, wave energy, ocean thermal energy and especially as direct heat and photovoltaic energy. Solar energy the energy from the sun reaching the earth per day ranges about 600 Btu (British thermal unit)/s.q.ft for northern Europe to about 2000 Btu/s.q.ft for arid regions near the equator .The amount of solar radiation reaching the earth is called isolation- the short form for incident solar radiation .In one year the amount of solar energy in our present annual coal production. (S.A.Abbasi, NaseemaAbbasi, 2005).
1.5.1 APPLICATIONS OF SOLAR ENERGY
· Heating of buildings

· Cooling of buildings

· Solar water heating and solar air heating

· Salt production by evaporation of sea water or inland brines

· Solar distillation on a small community scale

· Solar drying or agricultural products

· Solar cookers

· Solar engine for water pumping

· Food refrigeration

· Photo-voltaic conversion

· Solar furnaces

· Solar thermal power generation

· Industrial process heat

· Indirect source of solar energy conversion (G.D Gai, 1999).
1.5.2 SOLAR RADIATION MEASUREMENTS

Day by day the use of solar appliances is increasing. In predicting the performance of the appliances, the accurate solar insulation data is needed. For this, measurements of solar radiation with the help of some instruments are required. The following instruments are mostly used. (D.Mukherjee, S.Chakrabarti, 2005).

· Pyranometer
Pyranometer is designed to measure global radiation, usually the horizontal surface. But can also be used on an inclined surface. The pyranometer measures diffuse radiation.
A precision pyranometer is designed to respond to radiation of all wavelengths and hence measure accurately the total power in the incident spectrum. It contains a thermopile whose sensitive surface consists of circular, blackened, hot junction, exposed to the sun and cold junction exposed to radiation falling on sensitive surface.the sensing element is covered by concentric hemispherical glass domes to shield it from wind and rain. This also reduces the convection currents. The instrument has a voltage output of approximately 9µv/w/m2 and has an output impedance of 650Ω (BH Khan, 2006).

· Pyrheliometer

The normal incidence pyranometer uses a long collimator tube to collect beam radiation. The inside of the tube is blackened to absorb any radiation incident is blackened to absorb any radiation incident at angles outside the collector solid angle. At the base of the a wire wound thermopile having a sensitivity of approximately 8 µv/w/m2 and an output impedance of approximately 200Ω is provided. The tube is sealed with dry air to eliminate absorption of beam radiation within the tube by water vapour. (BH Khan, 2006).

· Sunshine recorder

Sunshine recorder measures the duration in hours, of bright sunshine during the course of the day. It consists of a glass sphere mounted on its axis parallel to that of the earth, within a spherical section. The bowl and glass sphere is arranged in such a way that sun’s rays are focused. Sharply at a spot on a card held in groove in the bowl. As the sun moves, the focused bright sunshine burns a path along this paper. The trace thus obtained on the paper is the measure of duration of the bright sunshine. (BH Khan 2006).
· Pyrgeometer

 Pyrgeometer is an instrument used for the measurement of net flux of long wave radiation through a horizontal surface during the night. A pyrgeometer consists of the following major components:
· A thermopile sensor which is sensitive to radiation in a broad range from 200 nm to 100 µm 

· A silicon dome or window with a solar blind filter coating. It has a transmittance between 4.5 µm and 50 µm that eliminates solar shortwave radiation. 

· A temperature sensor to measure the body temperature of the instrument. 

· A sun shield to minimize heating of the instrument due to solar radiation. 
·  Anemometer                   
Anemometer is a device for measuring the speed of airflow in the atmosphere, in wind tunnels, and in other gas-flow applications. . It consists of three vanes in the form of cup fixed to a rotor, which is capable of rotation. The rotor consists of copper wire windings. The sector has a permanent magnet in it. When there is any wind, this makes the rotor to rotate and hence an e.m.f would be produced which is directly calibrated to read the velocity of the wind. It measures the wind information both in meters per second and knots per minute.
1.5.3 Solar energy as future source

The conventional sources of energy are limited and may be exhausted by the end of this century. Nuclear energy poses some safety problems like  radio activity leakage and disposal of nuclear ash. Solar energy with its endless origin and free from pollution and safety hazard may be the answer of the energy problems of coming centuries. Solar energy has made possible the evolution of life as we know it, by maintaining the surface temperature of the earth at around 290 degree Kelvin rather than at the few degrees of interstellar space, by cycling water from sea to land and by providing the energy in out required for photosynthesis, upon which all life ultimately depends.(M.P.Agarwal,1983).

1.6 DESALINATION

The brackish or saline water is evaporated using thermal energy and the resulting steam is collected and condensed as final products. This method is called desalination. (Aayush kaushal et al, 2010).

Desalination process is considered to be one of the simplest and widely adopted techniques for converting seawater into fresh water. One of the main advantages of the distillation process is that it requires heat only up to 120°c which can be supplied from solar energy or other cheap fuels. While in reverse osmosis, vapour compression and electro dialysis process, some mechanical or electrical energy is used.
1.6.1 Need for desalination of water

 
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 1% is available for humanity for use and rest is polar ice. There is an urgent need for clean, pure drinking water in many countries. Often, water sources are brackish and or containing harmful bacteria and therefore cannot be used for drinking. In addition are many coastal locations where seawater is abundant but potable water is not available. Pure water is also not available in some industries, hospitals and school. Potable water demand is increasing due to rapid population increase and also due to uncontrolled pollution of the fresh water resources. For some place, desalination becomes only solution to the water quality problem.
1.6.2 Types of solar desalination
In general there are two different designs for solar stills: electrically and mechanically driven systems which utilize reverse osmosis and thermally driven systems.
· Reverse osmosis

Reverse osmosis is a pressure driven process that forces the separation of fresh water from other constituents through a semi permeable membrane. This is the preferred method in large-scale desalination implementations where electricity is not available. Here, solar energy is collected and converted into electrical or mechanical energy to initiate the process.
· Solar humidification-dehumidification

 
The humidification-dehumidification process is a technique that mimics the natural water cycle on a shorter time frame by evaporating and condensing. Water to separate it from other substances. The driving force in this process is thermal solar energy to produce water vapour which is later condensed in a separate champer.In sophisticated systems heat waste is minimized by collecting the heat from the condensing water vapour and pre-heating the incoming water source. This system is effective for small-to-mid scale desalination systems in remote locations because of the relative inexpensiveness.

(http://en.wikipedia.org/wiki/solar_desalination)

1.7 SOLAR DISTILLATION

 The oldest significant technological application of solar energy is the distillation of mineralized water including sea water to produce potable water. The problem of distillation of water has now acquired great significance owing to the vigorous growth. In world demand for water solar energy has the important place. The distillation of water with the help of solar energy can be done by the following methods.
1.7.1 Solar still
 Desalination is a process to produce the distilled water from brackish/saline water for the use of medical, drinking and charging of the batteries etc.  (M.K.Gaur et al., 2010).

Solar still are one of the solar devices which can be used for fresh water production. They are considered as one of the cheapest solutions for purifying saline/brackish water.
A device for evaporating seawater, in which water is confined in one or more shallow pools, over which is placed a roof-shaped transparent cover made of glass or plastic film; the sun’s heat evaporates the water, leaving behind a residue of salt: the vapour from the evaporated water condenses on the surface of the cover and trickles down into gutters, which thus collect fresh water. A solar still is a low –tech way of distilling water. A solar still is a low-tech way of distilling water: powered by the heat of the sun. a large number of solar distillation stills have been developed in the last decade. These include single and multiple effect stills, and soaked cloth inclined stills. Many experiment and theoretical studies were conducted on solar stills to test the thermal performance of different enhancement parameters.

The performance of solar distillation systems depends on climatic parameters such as ambient temperature, solar radiation intensity and weather conditions and design parameter. (Rahul Dev et al., 2009).

1.7.2 Working of solar still
 
The simple solar still desalination unit consists of a black painted basin that contains sea or brackish water covered by a transparent glazing. The solar radiation passes through the transparent cover and is absorbed by the water in the black basin area. Thus water contained in the basin is heated up and evaporates inside the still. Vapour rises until it comes in contact with the cooler inner surface of the glass cover. There it condenses in pure water, run down along the titled cover surface and is collected in vessel. This solar still type is characterized by its easy construction using locally available material.(K.Schwarzer et al., 2009).

1.7.3 Types of solar still

· Single slope solar still

· Pit solar still

· Cone solar still

· Box solar still

· Practical basin type solar still

· Single roofed solar still

· Pyramid shaped solar still 
1.7.4 Advantages of solar distillation

· Solar still require no fuel and a minimum quantity of electricity is needed.

· It produces quality water for personal and industrial use.

· There is no possibility of bacteria contamination or pollution

· Solar water desalination plants are environmental friendly.

· Solar distillation technology can be used to make saline or brackish water potable.

· It can be made in any size and in shape.

· It can be made recycled or inexpensive materials available locally.

· It is easy to build and operate without a skilled hand.

1.8 Objectives of the study:
· To desalinate impure water like brackish or saline water.

· To obtain potable or fresh distilled water from impure water, using solar energy as fuel, for its various applications in domestic, industrial, hospital or dispensary etc.
· To study the performance of pyramid cover solar still and single slope solar still.

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 fourth century B.C., Aristotle described a method to evaporate impure water and then condense it for potable use. P.I.Cooper, in his efforts to document the development and use of solar stills, reports that Arabian alchemists were the earliest known people to use solar distillation to produce potable water in the sixteenth century. But the first documented reference for a device was made in 1742 by Nicolo Ghezzi of Italy, although it is not known whether he went beyond the conceptual stage and actually built it.
The first modern solar still was built in Los Salinas, Chile in 1872, by Charles Wilson. It consisted of 64 water basins made of blackened wood with sloping glass covers. This installation was used to supply water (20,000 liters per day) to animals working in mining operations. After this area was opened to the outside by railroad the installation was allowed to deteriorate but was still in operation as late as 1912-40 years after its initial construction. This design has formed the basis for the majority of stills built since that time.
During the 1950s, interest in solar distillation was received, 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-friend 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.
Likewise, various research works has been performed by different scientists on different types of solar stills, and the reviews on these different types of solar stills are shortly given below.
 H.K.Gaur and G.N.Tiwari (2010) optimized the number of collectors for PV/T hybrid active solar still. The number of PV/T collectors connected in series has been integrated with the basin of solar still. The optimization of number of collectors for different heat capacity of water has been carried out on the basis of energy and energy computed value of daily yield is approximately 7.9Kg for 50Kg water and 0.055 Kg/s, which is higher than that of the daily yield obtained from passive solar still by various researchers.
 Thermal modeling of a double slope active solar still has been carried out by V.K.Dwivedi and G.N.Tiwari (2010) has been observed that the thermal efficiency of double slope active solar still is lower than the thermal efficiency of double slope passive solar still. However, the energy efficiency of double slope active solar still is higher than the energy efficiency of double slope passive solar still under natural modes gives 51% higher yield in comparison to the double slope passive solar still.
K.Kalidasa murugavel et al., (2010) developed a solar still which can convert available waste brackish water into potable water using solar energy. A single basin double slope solar still with an inner basin size, 2.08mx0.84mx0.075m and that of the outer basin size2.3mx1mx0.25m  has been fabricated with mild steel plate and tested with a layer of water and different sensible heat storage materials like quartzite rock, red brick pieces and cement concrete pieces. The production rate depends on water-glass temperature difference and glass atmospheric temperature difference.
Shiv kumar et al., (2010) fabricated two solar stills and tested at solar energy park, IIT, New Delhi. The newly designed hybrid (PV/T) active solar still is self sustainable and can be used in remote areas, blessed with ample solar energy. The daily yield, from hybrid-active solar still is around 3.2 and 5.5 times than the passive solar still in summer and winter month, respectively. 
 E.Halawa and W.Saman (2010) have presented the results of a comprehensive numerical study on the thermal performance of an air based phase change thermal storage unit for space heating. The unit consists of a number on one dimensional phase change material slabs contained in a rectangular duct where air passes between the slabs. A high mass flow rate increases the heat transfer rate at the initial period of melting which results in a shorter melting  and reduced outlet temperature.
Farshad farshchi tabrizi et al., (2010) have demonstrated that solar sills were used for water desalination in arid lands with lack of water in the fair climatic conditions. Two cascade solar stills were constructed with and without latent heat thermal energy storage system (LHTESS) paraffin wax is selected as the phase change material (PCM) which acts as a LHTESS. Thermal performances of the stills were compared in typical sunny and partially cloudy days. However, foe a partially cloudy day, the still with LHTESS has a significantly higher productivity. The still without LHTESS is preferred for sunny areas because of its simplicity and low construction costs, while the still with LHTESS is proposed for partially cloudy areas due to the higher productivity.
Rocio Bayan.A et al.,(2010) have tested the latent heat thermal storage prototype under real working condition with steam produced by a parabolic-trough collector test facility at the plataforma solar de Almeria. The proto type contained KNO3/NaNO3 eutetic mixture as phase change material (PCM) and expanded graphite fins arranged in a sandwich configuration for improving thermal conductivity. Experimental data such as steam quality, PCM temperature distribution, stored energy and thermal power have been analyzed for a selected day. It has been noted that stored energy and the resulting thermal power are 40kwth and 50kwth respectively.
Java Abolfazli Esfahani.B et al., (2010) have attempted to produce a portable solar still. Because of the small size and low productivity. Some techniques have been used to enhance and improve the performance of solar still. Solar intensity has a major effect on the performance of solar stil.the solar intensity and the productivity have a same trend except between 2P.M and 3P.M in which the solar intensity was constant but due to increasing ambient temperature and  increasing wind velocity, the productivity increasing. Also the productivity of the equipment has the maximum value of 250cm3/m2 when the solar radiation was as its maximum value of 728w/m2.it is conclude that productivity is directly proportional to daily solar radiation.   
Al-Hinti et al., (2010) investigated on the uses of water-phase change material storage in conventional solar water heating system. Paraffin wax contained in small cylindrical aluminum containers is used as the PCM. The PCM storage advance is first demonstrated under controlled energy input experiments with the arid of an electrical heater on an isolated storage tank, with and without the PCM container. The storage performance was also investigated when connected to flat plate collectors in a closed-loop system with conventional natural circulation. Over a test period of 24h.The stored water temperature remained at least 30°c higher than the ambient temperature.
H.Shabgard et al., (2010) developed a thermal network model and used to analyze heat transfer in a high temperature latent heat thermal energy storage unit for solar thermal electricity generation. Two storage configurations are considered: one with PCM surrounding a tube that conveys the heat transfer fluid, and the second with PCM contained within a tube over which the heat transfer fluid flows. Both melting and solidification are simulated. It is demonstrated that adding heat pipes enhance thermal performance, which is quantified in terms of dimensionless heat pipe effectiveness. 
Shiva Kumar and G.N.Tiwari (2009) made an attempt to estimate the internal heat transfer coeffients of a deep basin hybrid (PV/T) active solar still. The estimation is based on outdoor experimental observation of hybrid (PV/T) solar still for composite climate of New Delhi (latitude 28°35'N and longitude 77°12' E). The internal heat transfer coeffients are evaluated by using thermal models proposed by various researchers. 
 M.Medrano.A et al., (2009) made a study on the phase change material (PCM) possess a great capacity of accumulation of energy in their temperature of fusion thanks to the latent heat. These materials are used in applications where it is necessary to store energy due to the temporary phase shift between the offer and demand of thermal energy. Possible applications are the solar system as well as the recovery of residual heat for its posterior use in other processes. The thermal storage technology based on the use phase change materials (PCM) has recently raised an important practical interest.
Yibing Cai et al., (2009) have presented work the thermal energy storage phase change materials (PCM) based on paraffin/high density polyethylene (HDPE) composites were prepared by using twin-screw extruder technique. Therefore, considering applications in low-temperature heat storage of paraffin, the HDPE still can acts as supporting materials and prevent the phase change from solid to liquid.
R.Pokhrel et al.,(2009) made a study is focused on the preparation, characterization and determination of thermal properties and thermal reliability of paraffin/polypropylene(PP) composite as a novel form-stable phase change material (PCM) for thermal energy storage applications. The paraffin/pp composite is found as the maximum paraffin containing composite and was characterized using Fourier transform infrared spectroscope, optic microscopy, differential scanning calorimetry (DSC) and thermal gravimetric analysis (TGA) techniques.  Accelerated thermal cycling tests indicated that the form-stable PCM had good thermal reliability. 
 Humid EL Qarnia (2009) presented the theoretical model based on the energy equations was developed to predict the thermal behavior and performance of a solar latent heat storage unit (LHSU) consisting of a series of identical tubes embedded in the phase change material (PCM). A series of numerical simulations were conducted for three kinds of PCM to find the optimum design for a given summer climatic conditions.   
A.Felix Regin et al., (2009) analyzed the behavior of a packed bed latent heat thermal energy storage system. The packed bed is composed of spherical capsules filled with paraffin wax as PCM usable with a solar water heating system. The results indicate that for the proper modeling of performance of the system the phase change temperature range of the PCM must be accurately known, and should be taken into account.
N.Nallusamy and R.Velraj (2009) have studied the experimental apparatus utilizing paraffin as PCM, which is filled in high-density polyethylene spherical capsules, is constructed and integrated with a solar flat plate collector to conduct the exprements. The water used as HTF to transfer heat from the solar collector to the storage tank also acts as sensible heat storage (SHS) material. It is found that the results of the numerical model are in good agreement with the experimental results.
Frederic Kuzhik et al., (2008) have constructed the use of phase change materials (PCM) allows storage of energy from the solar radiation. The application of such possible to improve thermal comport and reduce energy consumption.

Ella Talmatsky and Abraham Kribus (2008) designed a model was constructed to describe the heat storage tank with and without PCM, the collector pump, controller and auxiliary heater. The results of all simulation scenarious indicate that, controller to expectations, the use of PCM in the storage tank does not yield a significant benefit in energy provided to the end-user. The main reason for this undesirable effect is found to be increased heat losses during nighttime due to reheating of the water by the PCM.
B.B.Sahoo et al., (2008) made a performance study on the assessment of a solar still using blackened surface and thermocol insulation. The present work is aimed at utilizing solar energy for removal of fluoride from drinking water by using a solar energy. Also test have been conducted with the solar still to find out hourly output rate and still efficiencies with various test matrices.
S.Abdullah and O.O.Badra (2008) developed a sun tracking system for productivity enhancement of solar still. A comparison between fixed and sun tracked solar stills showed that the use of sun tracking increased the productivity for around 22% due to the increase of over all efficiency of 2%.
 Single basin solar stills is a very simple solar device used for converting available blackish or waste water into potable water. Different materials are used in the basin along with the water to improve the heat capacity, radiation absorption capacity and enhance the evaporation rate. The effect of varying the depth of the basin water has studied by K.Kalidasa Murugavel et al., (2008.)
 Salah Abdullah et al., (2008) studied the evaluation of a modified design of a single slope solar still. Design modifications were introduced to the conventional solar still, involving the installation of reflecting mirrors on all interior sides, replacing the flat basin by a step-wise basin, and by coupling the conventional solar still with a sun tracking system.
 A weir-type solar still was proposed by S.B.Sadineni et al., (2008).The productivity of the weir-type still is approximately 20% higher. The quality of distillate from the still is analyzed to verify the ability of the still to meet the standards required by the electrolyzes.
Cemil Alkan (2007) investigated paraffin’s are used as phase change material (PCM) for latent heat thermal storage (LHTES). The efficiency of a PCM is dependent on the encapsulated quantity and energy storage capacity per unit mass during its melting and solidifying. Two different kinds of paraffin were sulfonated at three different mole percentages to increase the LHTES efficiency for this purpose.
 M.K.Phadatare and S.K.Varama (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 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.
Hiroshi tanaka and Yasuhito Nakatake (2007) proposed 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  ,autumn equinox ,summer & winter solstice days)at 30oN latitude.
 Rustum mamlook and Omar Badran (2007) have made an attempt to find out the effect of different parameters on the solar still output using a fuzzy set technique. The study reveals that the major factors that affect yield are: wind speed(WS),ambient temperature(AT),solar intensity(SI),sprinklers(SPR),coupled with collector(CC),salt concentration(SC),water depth(WD).
Luisa.F et al., (2006) made experimental study storage of heat is a major issue for the development of solar energy for house heating and cooling under all climates. Most of the Storage system available on the market use water as the storage medium. The idea studied was to add a phase change material (PCM) module at the top of a hot-water storage tank with stratification. The PCM module geometry adopted was to use several cylinders. A granular PCM-graphite compound was chosen as the PCM for the experiments presented here.  
 Hiroshi Tanaka and yasuhito nakatake (2006) presented a theoretical analysis of a basin types still with internal and external reflectors. The numerical analysis of heat and mass transfer in the still, and found that the internal and the external reflectors can remarkably increase the distillate productivity throughout the year except for the summer season. 
 W.Saman et al., (2005) analyzed and discussed the thermal performance of a phase change storage unit. The storage unit is a component of a roof integrated solar heating system being developed for space heating of a home. The unit consists of several layers of phase change material (PCM) slabs with a melting temperature of 29oC.The effects of sensible heat which exists when the initial temperature of the PCM is well below or above the melting point during melting were taken in to account.
 Abdulhaiy M.Radhwan (2005) made an attempt to find out the still was designed for heating and humidification of agriculture green houses (GH) in remote areas. The basin was placed on a slab filled with a layer of paraffin wax that acts as a latent heat thermal energy storage system (LHTESS).The still performance parameters investigated were analyzed and the results compare d with the case of a still with LHTESS has an efficiency of 57% and the total daily yield is about 4.6 L/m2.
 S.K.Shukla and V.P.S.Sorayan (2005) has developed a thermal modeling of solar stills, to predict the performance of the solar stills. Experimental validation of the thermal model has carried out by using modified heat transfer coefficients. Simulations of three different types of solar stills performed to compare their productivity using typical meteorological year data of a remote location in Oman. These are the regenerative, conventional and still with double-glass-cover cooling. Several system parameters have investigated by Mowsa Abu-Arabi and Yousef Zurigat (2005).
 Standard renewable energy and desalination system are most employed by Soteris A.Kalogiru (2005).The paper also includes a review of various systems that use renewable energy sources for desalination. Some general guidelines are given for selection of desalination and renewable energy systems and the parameters that to be considered.
 Amar M.Khudhair et al., (2004) has investigated and analyzed the thermal energy storage systems incorporating PCMs for use in building applications. Researches on thermal storage in which the PCM is encapsulated in concrete, gypsum wallboard, ceiling and floor have been ongoing for some time. The problems associated with the application of PCMs with regard to the selection of materials and the methods used to contain them are also discussed.
 Abdulhaiy M.Radhwan (2004) presented the transient analysis of a stepped solar still for heating and humidifying agriculture green houses (GH).The still performance parameters (i.e.) still components heat rates air temperatures and humidity: still yield and effiency are analyzed and presented.
 Hiroshi Tanaka and Yasuhito Nakatake (2004) have proposed a newly designed compact multiple-effect diffusion-type solar still consting of a heat-pipe solar collector and a number of vertical parallel partitions in contact with saline-soaked wicks.
 Two solar stills (single basin and double decker) were fabricated and tested by A.AI-Karaghouli and W.E.Alnaser (2004). Several copper constantan thermocouples were installed in both stills to measure the temperatures of the glass cover, the champer, the water and the ambient-air.
 D.W.Hawes et al., (2003) demonstrated the heat storage capacity of concrete building products can be greatly increased by impregnating the concrete with phase change material (PCMs). A very important consideration in the manufacture and use of these thermal storage building products is the stability the PCM in the concrete was developed to increase this stability. This technique and the development of improved means of incorporating various kinds of PCM in several types of concrete resulted in stable PCM concrete products which had good thermal storage characteristics.
  H.Mehling et al., (2003) presented a work based on adding a PCM module at the top of the water tank would give the system higher storage density, and compensate heat loss in the top layer. This includes experimental results and numerical simulation of three systems using an explicit finite-difference method. Experiments and simulation were carried out using different cylindrical PCM modules.
 M.N.A.Hawlader et al., (2003) made a study on the application of phase-change materials (PCM) for solar thermal-energy storage capacities. This study deals with the preparation and characterization of encapsulated paraffin-wax. Encapsulated paraffin particles were prepared by complex coacervation as well as spray-drying methods. The distribution of particle size and the morphology of micro-encapsulated PCM were analyzed by a scanning electron microscope (SEM). Hence, encapsulated paraffin wax shows a good potential as a scalar-energy storage material.
 A solar still in which charcoal functions both as heat absorber medium and as wick has constructed by Mona M.Naim and Mervat A.Abd El Kawi (2003). It was found that at high flow rates size gave the best productivity, whereas at moderate flow rates the finest charcoal gave the best result. At low flow rates, the three sizes gave practically comparable productivities.

 K.Vorpoulos et al., (2003) proved that the operation of the solar still-storage tank system is advantageous over the still itself regarding production quantity, distribution, rate pattern with the ability to exploit in an optimum way available heat sources nearby such as waste heat, geothermal energy, conventional heat etc.
The performance of a solar still with different size sponge cubes placed in the basin has studied by Bassam A/K Abu-Hijleh and Hamzeh M.Rababa’h (2003). The study showed that the daily production of such a still could be greatly enhanced using sponge cubes.
 Belen Zalba et al., (2002) proved that the thermal energy storage in general, and phase change materials (PCMs) in particular, have been a main topic in research for the last 20 years, but although the information is quantitatively enormous, it is also spread widely in the literature and defaults to find.
 H.AI-Hinai et al., (2002) reported the use of a mathematical model to predict the productivity of a simple solar still under different climatic, design and operational parameters in Oman. A cost analysis is performed to shed some light on the potential of utilizing an array of simple solar still for the production of drinking water in remote areas in Oman.
 The distilled water productivity of the single basin solar still is very limited .some methods have to be developed to improve this productivity. Using black rupper or black gravel materials within single sloped solar stills as a storage medium has examined by A.S.Nafey et al., (2001).

 M.Boukar and A.Harmim (2001) have 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 solar 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.
 Bilal A.Akash et al., (2000) presented an experimental study of the basin type solar still under local climate conditions. The results show that water production decreased in a somewhat linear relationship with increasing water depth in the still.
B.A.Jubran et al., (2000) reported the developed of a mathematical model to predict the productivity and the characteristics of a multistage solar still with an expansion nozzle and heat recovery in each stage of the still. This model is used to conduct a parametric investigation of the proposed solar still.
 Theoretical investigation on the performance prediction of solar still has presented by Berge Djebedjian and Magdy Abou Rayan (2000). The objective is to present mathematical models in order to improve the still design: also the obtained results prove to be a good tool for performance prediction according to a given geometry.  

CHAPTER III

MATERIALS AND METHODS

3.1 INTRODUCTION:

 Fresh water is the essence of life and it is an urgent need for human life. Fresh water is the most important constituent of the environment brackish water contains harmful bacteria and therefore cannot be used for drinking. About 97% of available water source are saline or include harmful bacteria and 2% is frozen in glaciers and polar ice caps. Hence only 1% of the world’s water is usable for drinking and domestic usage (Farshad Farshchi Tabrizi et al., 2010).Solar distillation is one of the many processes that can be used for water purification. Solar stills can provide a solution for those areas where solar energy is available in plenty but water quality is not good. This device can be used for producing drinking water. Solar stills are cheap and having low maintenance cost. Solar radiation can be the source of heat energy where brackish or sea water is evaporated and is then condensed as pure water. (A.A.EI-Sebaii et al., 2009).

3.2 DESIGN DETAILS OF THE PYRAMID COVER SOLAR 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 0.125m on the side of the still. Another ¼ inch pipe is placed at a height of 0.1250m 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 0.0505m and 0.1005m respectively to maintain the water level inside the storage basin as 0.05m and 0.10m respectively.

3.2.1.3 Water Collection Segment
Water collection segment of this system is of dimension 0.75m x 0.02m x 0.015m  Distilled water outlet provision from the water collecting segment is made at diagonally opposite sides by joining two sides  of collection segments 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 the 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 in 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 acrylic sheet of 3mm thickness of transmittance 88%. Pyramid top cover of area 0.75 m x 0.75 m is designed using the 3mm transparent acrylic sheet. It is designed by joining the two portions of the acrylic sheet. Two pieces of molded acrylic sheets are joined by using cyanoacrylate 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 acrylic 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 relevant 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 glass wool. 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).

3.3 DESIGN DETAILS OF SINGLE SLOPE SOLAR STILL

3.3.1 CONSTRUCTION OF SINGLE SLOPE SOLAR STILL

3.3.1.1 General Setup of the Still

Single solar still of area 0.75m x 0.75m 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 acrylic cover. 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.

3.3.1.2 Water Storage Basin

The water storage basin of the still is constructed with a 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 0.25 m from the base on the rear of the still. Another ¼ inch pipe is placed at a height of 0.20 m just below 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 0.05m and

0.10 m respectively.

3.3.1.3 Water Collection Segment
Water collection segment is placed at the end of the still for collecting the evaporated water and it is of dimension 0.85m x 0.02m x 0.01m. 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 0.85m x 0.02m x 0.015m and is fixed at the inner side of front part of still at the height of 0.1m.Strips are provided just above the water collection segment at a distance of 0.005m from it for the uniform landing of top cover and also to effectively collect the condensed distilled water.

  3.3.1.4 Inlet to the Still

Water inlet provision is given by fixing the one ¼ inch pipe of height 0.25m at the base on the rear side of the still. Water is poured in  the basin through this inlet by using the funnel and tubing set up. 

3.3.1.5 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. 

 3.3.1.6 Glass Top Cover
The top cover is made up of transparent glass sheet of 3mm thickness of transmittance 88%. A 15º slope is maintained for top cover from the rear side to the front side of the still.3 mm glass sheet of area 0.75m x 0.75m is used as top cover for the still. The top cover is placed over the grooves which are provided at all sides for uniform resting.  

 3.3.1.7 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 acrylic 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. 

3.3.1.8 Outer box


The outer box of the still is made up of wood of thickness 4mm with the length 0.85m and breadth 0.85m. The height of the outer cover box is made slanting from 0.55m to 0.30m. Rubber bushes are fixed at the base of the still for uniform landing on the ground. Suitable holes are made at the relevant 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.

[image: image2.png]— 6
»7

p—C=—

0.75m x 0.75m





                     Fig (3.2) Cross sectional view of single slope solar still
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3.3.1.9 Insulation
The bottom of the basin is filled with the sawdust up to the height of the 0.15m. The side of the basin is insulated with the glass wool. 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 (3.2).

3.4 PCM STORAGE MATERIAL

The PCM storage material used for the performance study of both the pyramid type solar still and single solar still is the pure wax, uniformly chopped of almost uniform size. The Wax pieces were spread to a uniform thickness of 0.025 mm in the Aluminum blackened box. The area of the aluminum box is 24 gauge mild steel. The Wax storage material can store more amount of heat energy and increase the heat capacity of the basin. Paraffin wax is an attractive material for heat storage application. Phase change materials (PCMs) are latent thermal storage materials. They use chemical bonds to store and release heat. The thermal energy transfer occurs when a material changes from a solid to a liquid or from a liquid to a solid form. This is called a change in state or phase initially these solid-liquid PCMs perform like conventional storage materials: their temperature rises as they absorb solar heat. Unlike conventional heat storage materials, when PCMs reach the temperature at which they change phase (their melting point), they absorb large amounts of heat without getting hotter. When the ambient temperature in the space around the PCM material drops, the phase change material solidifies, releasing its stored latent heat.PCMs absorb and emit heat while maintaining a nearly constant temperature. Within the human comfort and electronic-equipment tolerance range of 20°c to 35°c, latent thermal storage materials are very effective. They are also useful for equalization of day night temperature and for transport of refrigerated products.

3.5 THEORY 

3.5.1 Working principle

The basic principle of solar water distillation is simple, as distillation replicates the way nature makes rain. The suns energy heat water to the point of evaporation. As the water evaporates, water vapour rises condensing on the cover surface for collection. This process removes impurities such as salts and heavy metals as well as eliminates microbiological organisms. The end results are water cleaner than the purest rainwater.

           Solar desalination plant is an airtight unit with a top cover of transparent material like glass sheet. Its working principle is described as follows.

             The solar radiation, after reflection and absorption by the glass cover is transmitted inside an enclosure of the distiller unit. This transmitted radiation [τgI(t)] is further partially reflected [RWʹI(t)] and absorbed [αW’I(t)] by the water mass. The attenuation of the solar flux in water mass depends on its absorptivity and depth. The solar radiation finally reaches the blackened surface where it is mostly absorbed. After absorption of solar radiation at the blackened surface, generally known as basin liner, most of the thermal energy is converted to water mass and a small quantity is lost due to the atmosphere, by conduction. Consequently, the water gets heated, leading to an increased difference of water and glass cover temperatures. There are basically three modes of heat transfer, radiation (qrw), convection (qcw) and evaporation (qew) from the water surface to the glass cover after releasing the latent heat. The condensed water trickles into the channels provided at the lower ends of glass cover, under gravity. The collected water in the channel is taken out of the system for further use. The thermal energy received by the glass cover, through radiation, convection and latent heat, is lost to the ambient by radiation and convection. Energy flow diagram in a conventional solar still is as shown in fig (3.3).

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)

      Solar still use natural evaporation and condensation, which is the formation of rainwater process. This allows for natural PH buffering that produce excellent taste as compared to steam distillation. Solar stills can easily provide enough water for family drinking and cooking needs. Solar distillers can be used to effectively remove many impurities ranging from salts to microorganisms and are even used to make drinking water from seawater.
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             Fig (3.3) Energy flow diagram in a conventional solar still

3.5.2 Heat distribution in a pyramid cover solar still
Glass cover absorbs the incoming energy and a small portion is reflected by it. Also a small portion of energy is reflected by the basin water and 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. 

3.5.3 Heat distribution in a single slope solar still
Glass cover absorbs the incoming energy and a small portion is reflected by it. Also a small portion of energy is reflected by the basin water and 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
3.5.4. 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.

 3.5.4.1 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 dymanic 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 in 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 laminar)

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,

(i.e) (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 .R1W/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=σε [(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.

3.5.4.2 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.

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)

 Formula to obtain 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)

 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 xt)                                                                                                            

(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

3.6 PERFORMANCE EVALUATION

The pyramid type solar still and the single slope solar still was kept south on the terrace of the physics laboratory building of Avinashilingam deemed university,Coimbatore,where the latitude is 11˚N and longitude 79°59̕E.The sensible PCM storage material used for performance evaluation of the still was the uniformly chopped circular wax. The still was evaluated for condensate output with the PCM storage material that plays an important role in conserving the energy but also improves the performance & reliability of a wide range of energy systems. The observations taken for analyzing the performance of the stills are measurement of temperature profiles such as water temperature, cover temperature, inside air temperature and ambient temperature, total solar insolation measurement and distillate water output measurement. Evaluation also includes the computation hourly thermal efficiency and daily average thermal efficiency. 

The still is also evaluated for physical and chemical analysis of the distillate to asses the quality and purity of water and also for economic as desalination costs.
3.7 EXPERIMENTAL STUDY

 The performance of the still has been studied on clear sunshine for a no of days during the period February to March 2011. The following observations are taken for analyzing the performance of square trough solar still with pyramid shaped top cover and sloped sheet made of glass. The observations carried out are measurement of temperature profiles, total solar insulations measurement and distillate water output measurement, including nocturnal output. These observations are made from 9 am to 5:30 pm for every half an hour intervals on selected clear shiny days. 

3.7.1 Measurement of temperature profiles
   The ambient temperature was noted continuously from 9 am to 5:30 pm at an interval of half an hour with the help of sensitive thermometer which is fixed near the still. Temperature of water and glass cover was measured by placing the pre-calibrated k-type thermocouples connected to probes of digital multimeter with thermal display in degree Celsius. Thermocouples are placed at water at two different heights (1 cm and 3cm) to measure the water temperature inside the basin. Similarly, air temperature inside the still is measured by placing the thermocouple at a height of 22cm, and the cover temperature is measured by the thermocouple fixed at the outer surface of the cover.all the temperature measurements are carried out with thermal absorbing material of wax on different days of sunshine and the observations were recorded in the table.

3.7.2 Total solar insolation measurement

The total solar insolation incident on the glass cover was measurement at an interval of half an hour from 9 am to 5:30 pm using a pyranometer. The pyranometer readings are measured in terms of millivolts (mV) and then converted into watt/m2.

 
The value of solar insolation in mV is converted to watt/m2 is converted to watt/m2 is by multiplying the solar insolation in mV with the conversion factor 1000/12.64

12.64mV         =          1000 W/m2
1Mv                 =          1000/12.64 W/m2
1mv                  =          79.11 W/m2     

3.7.3 Distillate water output measurement

 The volume of distillate water collected from the solar still was measured using the measuring jar graduated in milliliters and  the pyramid type solar still & single slope solar still  readings are presented in the table (3.1-3.10) and (3.11-3.19) with PCM storage material(wax)

PLATE I

EXPERIMENTAL SET UP OF THE PYRAMID COVER SOLAR STILL

[image: image4.png]



PLATE II

EXPERIMENTAL SET UP OF THE SINGLE SLOPE  SOLAR STILL
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3.8 SYSTEM EFFICIENCY


Sample calculation for pyramid cover solar still with wax

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[image: image9.png]
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 is the distillate output in [image: image16.png]
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 is the solar insolation in [image: image20.png]
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  is time in seconds
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 is the latent heat of vaporization = 2372000 [image: image24.png]]/kg
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 is the area of the still in [image: image27.png]



For the pyramid cover solar still ,the area of incident solar flux h calculated by considering the area of the cover consisting of four triangular pieces each of base 0.735m and altitude 0.45m adjoined at the apex.

Area of each triangular surface         =   ½ (bh) m2
                                                           =   ½ (0.735[image: image29.png]X 0.45



)m2
                                                           = 0.165375m2(for one sample)

Total area of absorber cover              =   0.165375[image: image31.png]X 4




                                                           = 0.6615m2(for four sample)

Sample calculation for efficiency of pyramid cover solar still

Data:2nd Feb 2011 at 1.00-2.00pm

Efficiency[image: image33.png]_ _MexL
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3.9 Thermal analysis of the pyramid cover solar still with PCM storage material (wax)


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

Readings of the still with PCM storage material:

Date: 2 th Feb 2011

Time: 1:00 P.M
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3.9.1 Internal heat transfer

Radiative loss coefficient [image: image53.png]
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Convective loss coefficient[image: image66.png](q..)
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Evaporative loss coefficient [image: image76.png]
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, the total internal heat transfer coefficient is given by
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3.9.2 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 coefficient is given by equation,
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Where,
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The total heat transfer coefficients from glass cover to ambient[image: image120.png](h, )
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The combined radiative and convective heat transfer co-efficient is,
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3.9.3 Overall heat transfer

[image: image128.png]



         [image: image130.png]i + ]
1.66 @ 26.91950632.




[image: image131.png]U, = 12.00252022w/m? °C




3.10 Determination of distillate output (ml) of pyramid cover solar still

The distillate output is observed as well as predicted theoretically with PCM storage material (wax).

Observed Distillate Output

The predicted distillate output at 1:00 p.m is given as
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3.11 Determination of thermal efficiency (η) of pyramid cover solar still with PCM storage material 

Observed Efficiency
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3.12 Determination of distillate gain (%) of pyramid cover solar still

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

         Distillate gain (%) =[image: image142.png]MxL
A, xt

%100




Where, 

M is the mass of total distillate/day (9 hours) in liters

L is the latent heat in kilojoules

AW is the surface area of water in m2
T is seconds for distillate collection

Calculation for distillate gain (%) of pyramid cover solar still with storage material wax

           gain (%) 
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Sample calculation for single slope solar still

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[image: image152.png]
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Here area is calculated for the single slope solar still using the basin area, which is a square trough
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Breadth=0.75 m


Area of the square basin=0.75 x 0.75





          =0.5625 [image: image178.png]



Sample calculation for efficiency of single slope solar still

Efficiency[image: image180.png]
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3.14 Thermal Analysis of the single slope solar still with PCM storage material (wax)


Sample calculation of the thermal analysis of the single slope solar still is as follows.

Readings of the still with PCM storage material:

Date: 16 March th  2011 at 12:30-1:30pm

Time: 12:30 P.M
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3.14.1 Internal heat transfer

Radiative loss coefficient [image: image200.png](h..)
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Convective loss coefficient[image: image213.png]
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Now[image: image233.png]


, the total internal heat transfer coefficient is given by
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3.14.2 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 coefficient is given by equation,
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Where,
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The total heat transfer coefficients from glass cover to ambient[image: image262.png](h, )
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The combined radiative and convective heat transfer co-efficient is,
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3.14.3 Overall heat transfer
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3.15 Determination of distillate output (ml) of single slope solar still with PCM storage material (wax).

Observed Distillate Output

The predicted distillate output at 12:30 p.m is given as
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3.16 Determination of thermal efficiency (η) of single slope solar still with PCM storage material (wax).
Observed Efficiency

[image: image280.png]M, xL

Mo = Ty xaxc LY




[image: image281.png]_ 024885885 X 2372000 5
Mobs = 7057 163 % 05695 % 3600




[image: image282.png]M. = 27.70843426




3.17 Determination of distillate gain (%)of single slope solar still

Distillate gain % can be determined using the formula,

         Distillate gain (%) =[image: image284.png]MxL
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%100




Where, 

M is the mass of total distillate/day(9 hours)in liters

L is the latent heat in kilojoules

AW is the surface area of water in m2

T is seconds for distillate collection

Calculation for distillate gain (%)With storage material wax

             Gain (%)
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3.18 Physical and Chemical analysis of water after solar desalination 

Table (3.20): Physical Examination
	S.NO
	Physical parameters
	Test result of single slope solar still
	Test result of pyramid cover solar still

	1
	Appearance
	Clear
	Clear

	2
	Colour(Pt-co-scale)
	Colorless
	Colorless

	3
	Odour
	None
	None

	4
	Turbidity NT Units
	1
	1

	5
	Total dissolved solids mg/I
	27
	25

	6
	Electrical conductivity (micro mho/cm)
	39
	36


Table (3.21): Chemical Examination

	S.NO
	Chemical parameters
	Test result of single slope solar still
	Test result of pyramid cover solar still

	1
	pH
	7.46
	7.45

	2
	Alkalinity Ph
	0
	0

	3
	As CaCo3
	10
	9

	4
	Total hardness as CaCo3
	12
	11

	5
	Calcium as Ca
	3
	3

	6
	Magnesium as Mg 
	1
	3

	7
	Iron as fe
	0
	0

	8
	Manganese as Mn
	0
	0

	9
	Free Ammonia as NH3
	0
	0

	10
	Nitrate as NO2
	0
	0

	11
	Nitrate as NO3
	1
	1

	12
	Chloride as Cl
	4
	4

	13
	Fluoride as F
	0
	0

	14
	Sulphate as SO4
	2
	2

	15
	Phosphate as PO4
	0
	0


The physical and chemical analysis of single slope solar still and pyramid cover solar still for the distilled water was made at the regional laboratory of Tamil Nadu Water Board (TNWB), Coimbatore. The sample was tested for colour, turbidity, total dissolved solids, electrical conductivity, pH, alkalinity pH, total hardness calcium, Magnesium, Iron, Manganese, Free Ammonia, Nitrite, Nitrate, Chloride, Fluoride, Sulphate, and Phosphate and the results are tabulated in the table (3.20) & table (3.21)
CHAPTER IV
RESULTS AND DISCUSSION
4.1 PERFORMANCE ANALYSIS
 The performance of the pyramid cover solar still and single slope solar still is analyzed in this study for normal sunny days. Temperature profiles of water, ambient, cover and amount of distillate output were observed, including nocturnal output along with the measurement of solar radiation for every half an hour interval. The performance of a pyramid cover solar still and single slope solar still is analyzed with PCM storage material of wax were augmenting the productivity . The instantaneous and daily efficiency were calculated along with the computation of heat transfer coefficients. Numerical calculations are carried out for comparing the observed values of heat transference with theoretical simulation values for the same. The system reliability and viability are estimated by a techno economic analysis. The standard and quality of distilled water yield is examined for physical and chemical properties in the regional laboratory, Tamil Nadu supply and drainage board, Coimbatore. 

4.2 EFFICIENCY OF THE SYSTEMS
 
 Instantaneous efficiency and daily efficiency of pyramid cover solar still and single slope solar still are calculated for each day’s observations. The daily thermal efficiency with PCM storage material is in the range of   0-44% and 0 – 49% respectively. Single slope solar still studies indicated that observations with wax as heat absorbing material gives maximum daily efficiency.

4.3 DISTILLATE OUTPUT OF THE SYSTEM

 
Maximum distillate out of produced with PCM storage material is in the range of 2553ml and 2263ml respectively. The distillate output is increased as a result of fast evaporation due to high temperature retention in the thermal absorber. The pyramid cover solar still with wax gives maximum distillate output.

4.4 THERMAL ANALYSIS
 
The thermal analysis with PCM storage material for the pyramid cover solar still and single slope solar still have been made and result were presented in the table(3.20-3.21). The heat transfer coefficients due to internal and external transfer of heat are calculated. Result shows that internal and external heat transfer coefficient are less with PCM storage material wax.

4.5 COMPUTATION OF DISTILLATE OUTPUT AND EFFICIENCY

 
Efficiency and distillate output of pyramid cover solar still and single slope solar still is found that due to the variation in solar insolation output, there is slight variation in the distillate output values. This is due to the difficulty of the experiments carried on different days of varying solar insolation. However in general the system with PCM storage material of wax is due to its latent heat release is found to be more efficient.

4.6 PHYSICAL AND CHEMICALS OF THE DISTILLATE
 
The distillate yield of pyramid cover solar still and single slope solar still were analyzed physically and chemically in the regional Laboratory, Tamil Nadu Water Supply and Drainage Board, Coimbatore. The distilled water from both stills was found to be superior 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 and 7.46  respectively  which is the normal pH of distilled water and the values of calcium,magnesium,nitrate,chloride and sulphate are found to be negligible.

4.7 GRAPHICAL ANALYSIS

 
The pyramid cover solar still and single slope solar still graphs are plotted for various observed parameters such as solar insolation, efficiency, distillate output, temperature profile of various junctions etc., during selected sunny days of experimentations with heat absorbing PCM storages materials.

Typical results of variation of the temperature profile with respect to time, with PCM storage material are shown in fig (4.1), fig (4.5).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 conditions. The temperature of water and glass cover have similar trends and increases in the morning hours to maximum values and decreases late in the afternoon.

Fig (4.2) &Fig (4.6) Distillate output with respect to time for pyramid cover solar still and single slope solar still. Distillate output increased in the morning and then decreased in the noon because of varying solar insolation

The variation of insolation with respect to time for pyramid cover solar still and single slope still are represented in the Fig (4.3) & Fig (4.7).It increased linearly with time and reached the maximum value from 11:30am to 1:30pm and then decreased slowly. Radiation received during this study is in the range of o to 1200 w/m2 and 0 to 1100 W/m2  
  
Fig (4.4) &Fig (4.8) water temperature and distillate output with respect to time observed with PCM storage material in pyramid type solar still and single solar still respectively. The water collection from pyramid cover solar still and single slope solar still was 1876ml and 1726ml respectively.

 
The pyramid cover solar still performance is reasonably good compared to single slope solar still in daily output with nocturnal output. The addition of sensible heat absorbing materials was capable of enhancing the productivity with heat retention causing continued evaporation.   

Date  :  02.02.2011
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Fig. (4.1)  Time Vs. Temperature Profiles for Pyramid Cover Solar Still
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Fig. (4.2) Distillate Output Vs. Time for Pyramid Cover Solar Still
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 Fig. (4.3)  Insolation Vs. Time for Pyramid Cover Solar Still
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Fig. (4.4)  Water Temperature / Distillate Output Vs. Time for Pyramid Cover Solar Still
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Fig. (4.5)  Time Vs. Temperature Profiles for single slope solar still
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Fig. (4.6) Distillate Output Vs. Time for single slope solar still                                                  
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Fig. (4.7)  Insolation Vs. Time for  single slope solar still
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Fig. (4.8)  Water Temperature / Distillate Output VsTime for single slope solar still

Table (4. 1) Time Vs Temperature profiles of pyramid cover solar still
                                                                                       Date: 2.2.11
	S.No.
	Time of the day
	Temperature (ºC)

	
	
	Room
	Water
	Air
	Wax
	Top cover

	1
	9:00a.m
	27.1
	27
	31
	28
	29

	2
	9:30a.m
	28.4
	29
	35
	30
	30

	3
	10:00a.m
	29.3
	32
	41
	        31
	33

	4
	10:30a.m
	31
	36
	45
	32
	35

	5
	11:00a.m
	31.9
	40
	49
	35
	38

	6
	11:30a.m
	32.4
	43
	52
	39
	40

	7
	12:00p.m
	32.9
	45
	55
	43
	42

	8
	12:30p.m
	33.5
	50
	56
	48
	43

	9
	1:00p.m
	34.
	52
	58
	50
	45

	10
	1:30p.m
	34.3
	54
	60
	53
	47

	11
	2:00p.m
	34
	55
	59
	54
	45

	12
	2:30p.m
	33.8
	53
	57
	54
	43

	13
	3:00p.m
	33.3
	52
	57
	52
	41

	14
	3:30p.m
	32.8
	50
	56
	51
	39

	15
	4:00p.m
	32.2
	47
	55
	49
	37

	16
	4:30p.m
	31.5
	45
	54
	47
	35

	17
	5:00p.m
	31.1
	42
	50
	47
	32

	18
	5:30p.m
	30.4
	40
	49
	45
	30


Table (4.2) Water Temperature /Distillate output Vs Time of pyramid cover solar still
                                                                                                            Date: 2.2.11

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

	1
	9:00a.m
	27
	1

	2
	9:30a.m
	29
	15

	3
	10:00a.m
	32
	33

	4
	10:30a.m
	36
	48

	5
	11:00a.m
	40
	65

	6
	11:30a.m
	43
	93

	7
	12:00p.m
	45
	113

	8
	12:30p.m
	50
	136

	9
	1:00p.m
	52
	172

	10
	1:30p.m
	54
	230

	11
	2:00p.m
	55
	212

	12
	2:30p.m
	53
	180

	13
	3:00p.m
	52
	157

	14
	3:30p.m
	50
	138

	15
	4:00p.m
	47
	106

	16
	4:30p.m
	45
	77

	17
	5:00p.m
	42
	                       51

	18
	5:30p.m
	40
	                        40


Table (4.3) Distillate output Vs Time of single slope solar still
Date: 16.3.11  

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

	1
	9:00a.m
	3

	2
	9:30a.m
	7

	3
	10:00a.m
	18

	4
	10:30a.m
	29

	5
	11:00a.m
	45

	6
	11:30a.m
	70

	7
	12:00p.m
	100

	8
	12:30p.m
	140

	9
	1:00p.m
	160

	10
	1:30p.m
	184

	11
	2:00p.m
	168

	12
	2:30p.m
	152

	13
	3:00p.m
	                      145

	14
	3:30p.m
	124

	15
	4:00p.m
	                       109

	16
	4:30p.m
	100

	17
	5:00p.m
	92

	18
	5:30p.m
	80


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

	1
	9:00a.m
	561.681

	2
	9:30a.m
	632.88

	3
	10:00a.m
	767.367

	4
	10:30a.m
	862.299

	5
	11:00a.m
	933.498

	6
	11:30a.m
	1004.697

	7
	12:00p.m
	1036.341

	8
	12:30p.m
	1052.163

	9
	1:00p.m
	1036.341

	10
	1:30p.m
	1004.697

	11
	2:00p.m
	941.409

	12
	2:30p.m
	886.032

	13
	3:00p.m
	814.833

	14
	3:30p.m
	727.812

	15
	4:00p.m
	561.681

	16
	4:30p.m
	450.927

	17
	5:00p.m
	348.084

	18
	5:30p.m
	237.33


Table (4.4) Insolation Vs Time  of single slope solar still

                                                                                                                                             Date: 16.3.11
CHAPTER V

SUMMARY AND CONCLUSION

 
 A simple basin still made of blackened mild steel plate with glass pyramid cover solar still and  another single slope solar still with glass cover is tested for its performance with a box containing phase change material like wax in the basin water.

 The following conclusion is drawn from experimental results.
 
The pyramid cover solar still distillate output was found to be higher than the single slope solar still with PCM storage material wax.       
The distillate output is observed to increase even after the decrease of the water temperature for a certain period due to the temperature retention in the phase change material like wax.
 
The heat loss coefficients due to internal and external heat transfer for both pyramid  cover solar still and single slope solar still with phase change material are also Calculated .
 
The physical and chemical analyses were done for the water samples and the quality of distillate is found to be superior in terms of turbidity, dissolved solids, hardness and pH value.
 
Graphical analysis has been done to link the performance of pyramid cover solar still and single slope solar still with various influencing parameters and all the analysis ,tabulation, computation done  for pyramid cover solar still and single slope solar still indicate that the performance  mainly depends on various meteorological parameters such as ambient temperature, solar insolation etc. maximum output is possible with higher insolation and with heat retention absorbs spread in the basin water.
             The addition of heat absorbing material in the basin water improves the thermal performance of both the stills for an increased distillate output. The distillate gain of pyramid cover solar still and single slope solar still has increased and is estimated around 22.88% and 23.39% respectively.  The pyramid cover solar still and single slope solar still are very low cost also very cheap and non corrosive. So it is concluded that wax storage increases the distillate output due to the latent heat release during its solidification when incident solar rays are cut. The wax is very cheap and non corrosive materials and need not have the fear of corrosion problem due to the salinity of water in the still.
Problems and solutions

· Algae formation occured which decrease the absorption capacity of basin. This may be recovered by frequent cleaning of the basin.

· The deposition of dust on the glass cover reduced the transmittance of the cover, For this frequent cleaning of the cover is done.

· The box containing wax was sealed with clay wax, at first to avoid entry of water into the box through the lid. But the clay wax melted when the temperature of water was arisen. So insulation tape was wrapped alround the lid over the clay wax to prevent water entering into box. But then also the clay wax melted on temperature absorption and came out. Hence finally the box is sealed with M-Seal and the problem was solved.

Suggestions

· The performance of the still may be studied by replacing glass cover with acrylic cover.

· In order to avoid leakage of melted wax from the container to basin water less amount of wax is used.
· If the depth of water is increased in the basin then evaporation slows down and gives less output. If the depth of water is decreased in the basin then evaporation becomes fast and gives more output.

· Selective coatings can be used in the still to increase the absorption capacity.
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Table (3.1) Performance study of a pyramid cover solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.741 kg

Day output from 9.00a.m- 5.30p.m is 1.876 kg

DATE: 2-2-11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection

For every 30 minutes (kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	8.4
	664.524
	0.5
	27.1
	27
	31
	27
	28
	29
	0.01
	2372000
	1.49889657

	9:30a.m
	9.2
	727.812
	1.2
	28.4
	29
	35
	30
	30
	30
	0.015
	2372000
	 

	10:00a.m
	10.1
	799.011
	0
	29.3
	32
	41
	34
	31
	33
	0.033
	2372000
	4.11380325

	10:30a.m
	11
	870.21
	1.4
	31
	36
	45
	37
	32
	35
	0.048
	2372000
	 

	11:00a.m
	11.5
	909.765
	0.8
	31.9
	40
	49
	39
	35
	38
	0.065
	2372000
	7.11650022

	11:30a.m
	12.1
	957.231
	0
	32.4
	43
	52
	42
	39
	40
	0.093
	2372000
	 

	12:00p.m
	12.6
	996.786
	2.5
	32.9
	45
	55
	44
	43
	42
	0.113
	2372000
	11.2916875

	12:30p.m
	13
	1028.43
	2.6
	33.5
	50
	56
	49
	48
	43
	0.136
	2372000
	 

	1:00p.m
	13.6
	1075.896
	4.2
	34
	52
	58
	50
	50
	45
	0.172
	2372000
	15.9235718

	1:30p.m
	12.1
	957.231
	1.1
	34.3
	54
	60
	52
	53
	47
	0.23
	2372000
	 

	2:00p.m
	11.4
	901.854
	0.8
	34
	55
	59
	56
	54
	45
	0.212
	2372000
	23.4143422

	2:30p.m
	11
	870.21
	0
	33.8
	53
	57
	54
	54
	43
	0.18
	2372000
	 

	3:00p.m
	8.6
	680.346
	0
	33.3
	52
	57
	52
	52
	41
	0.157
	2372000
	22.9854046

	3:30p.m
	6.4
	506.304
	1.6
	32.8
	50
	56
	51
	51
	39
	0.138
	2372000
	 

	4:00p.m
	5.5
	435.105
	2.5
	32.2
	47
	55
	50
	49
	37
	0.106
	2372000
	24.2657728

	4:30p.m
	3.4
	268.974
	0
	31.5
	45
	54
	48
	47
	35
	0.077
	2372000
	 

	5:00p.m
	2.2
	174.042
	0
	31.1
	42
	50
	46
	47
	32
	0.051
	2372000
	29.1876041

	5:30p.m
	1.5
	118.665
	1.5
	30.4
	40
	49
	43
	45
	30
	0.04
	2372000
	 


                     Table (3.2) Performance study of a pyramid cover solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.680 kg

Day output from 9.00a.m- 5.30p.m is 2.553 kg

DATE: 3-2-11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection

For every30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7.7
	616.847
	0
	28.1
	30
	36
	30
	25
	29
	0
	2372000
	0

	9:30a.m
	8.7
	688.257
	0
	28.8
	31
	38
	32
	28
	32
	0.017
	2372000
	 

	10:00a.m
	9.7
	767.367
	1.1
	29.1
	32
	40
	32
	29
	34
	0.025
	2372000
	3.245033804

	10:30a.m
	11.3
	893.943
	0.1
	30.7
	35
	43
	35
	32
	36
	0.042
	2372000
	 

	11:00a.m
	12.5
	988.875
	0.2
	31.7
	39
	45
	37
	36
	38
	0.058
	2372000
	5.842099258

	11:30a.m
	13.1
	1036.341
	0
	32.1
	41
	47
	43
	37
	40
	0.097
	2372000
	 

	12:00p.m
	13.6
	1075.896
	2.4
	33
	50
	49
	48
	44
	43
	0.129
	2372000
	11.94267882

	12:30p.m
	14.3
	1131.273
	0.8
	33.4
	52
	52
	51
	47
	43
	0.161
	2372000
	 

	1:00p.m
	14.9
	1178.739
	1.6
	33.8
	54
	55
	53
	51
	45
	0.183
	2372000
	15.46378391

	1:30p.m
	13.5
	1067.985
	2.5
	33.5
	56
	57
	56
	56
	47
	0.215
	2372000
	 

	2:00p.m
	13
	1028.43
	0.6
	33
	54
	56
	54
	59
	45
	0.217
	2372000
	21.01683586

	2:30p.m
	12.2
	965.142
	1.5
	32.1
	52
	56
	51
	63
	42
	0.191
	2372000
	 

	3:00p.m
	11.8
	933.498
	0
	31.9
	49
	54
	49
	58
	40
	0.173
	2372000
	18.45929229

	3:30p.m
	10.4
	822.744
	0
	31.3
	47
	52
	48
	56
	38
	0.159
	2372000
	 

	4:00p.m
	8.6
	680.346
	1.4
	30.8
	45
	51
	45
	53
	35
	0.139
	2372000
	20.35013525

	4:30p.m
	5.5
	435.105
	0.2
	30.4
	43
	48
	42
	52
	33
	0.12
	2372000
	 

	5:00p.m
	3.2
	253.152
	0.8
	30
	41
	47
	42
	51
	31
	0.098
	2372000
	38.55911418

	5:30p.m
	2.1
	166.131
	0
	29.6
	40
	45
	39
	49
	30
	0.07
	2372000
	 


`

Table (3.3) Performance study of a pyramid cover solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.800 kg

Day output from 9.00a.m- 5.30p.m is 2.128kg

DATE: 4-2-11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection

For every30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7.5
	593.325
	0.6
	30.1
	26
	34
	26
	30
	31
	0.009
	2372000
	1.510887739

	9:30a.m
	8.4
	664.524
	1.2
	30.8
	29
	39
	30
	33
	35
	0.017
	2372000
	 

	10:00a.m
	9.1
	719.901
	3.4
	31.3
	31
	41
	30
	36
	39
	0.031
	2372000
	4.289150175

	10:30a.m
	10.3
	814.833
	3.7
	31.7
	33
	44
	32
	37
	46
	0.048
	2372000
	 

	11:00a.m
	11.5
	909.765
	2.5
	32.1
	36
	48
	35
	41
	48
	0.064
	2372000
	7.007015602

	11:30a.m
	11.9
	941.409
	1.1
	32.5
	39
	52
	40
	45
	55
	0.09
	2372000
	 

	12:00p.m
	12.4
	980.964
	1.5
	32.8
	43
	55
	42
	47
	57
	0.12
	2372000
	12.18457854

	12:30p.m
	12.7
	1004.697
	0.8
	33.1
	47
	57
	48
	49
	60
	0.157
	2372000
	 

	1:00p.m
	13.5
	1067.985
	2.5
	33.5
	50
	59
	51
	52
	60
	0.089
	2372000
	8.300556098

	1:30p.m
	14.4
	1139.184
	0
	34.1
	52
	63
	52
	54
	63
	0.217
	2372000
	 

	2:00p.m
	13.2
	1044.252
	2.7
	33.7
	50
	65
	50
	57
	60
	0.246
	2372000
	23.46454443

	2:30p.m
	11.5
	909.765
	0.1
	33.1
	48
	61
	49
	57
	55
	0.216
	2372000
	 

	3:00p.m
	10.6
	838.566
	0.6
	32.7
	47
	59
	46
	55
	51
	0.18
	2372000
	21.38048688

	3:30p.m
	8.7
	688.257
	1
	32.5
	45
	57
	45
	53
	47
	0.162
	2372000
	 

	4:00p.m
	6.5
	514.215
	1
	31
	43
	54
	42
	50
	43
	0.141
	2372000
	27.31220144

	4:30p.m
	4.3
	340.173
	0.6
	30.5
	40
	51
	41
	48
	37
	0.125
	2372000
	 

	5:00p.m
	3.2
	253.152
	0.8
	30.2
	38
	48
	39
	45
	32
	0.112
	2372000
	44.06755906

	5:30p.m
	2.1
	166.131
	0
	29
	37
	46
	35
	43
	28
	0.104
	2372000
	 


Table (3.4) Performance study of a pyramid cover solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.950 kg

Day output from 9.00a.m- 5.30p.m is 1.992 kg

DATE: 5-2-11

	Time of the day
	Insolation 

(mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection

For every30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	8.9
	704.079
	8.9
	29.2
	27
	37
	27
	25
	33
	0.008
	2372000
	1.131751116

	9:30a.m
	10
	791.1
	10
	30.2
	28
	39
	28
	27
	35
	0.016
	2372000
	 

	10:00a.m
	11.2
	886.032
	11.2
	31.5
	31
	41
	30
	27
	39
	0.023
	2372000
	2.585596578

	10:30a.m
	11.9
	941.409
	11.9
	32.1
	33
	45
	33
	30
	41
	0.031
	2372000
	 

	11:00a.m
	12.7
	1004.697
	12.7
	33
	37
	49
	38
	34
	45
	0.04
	2372000
	3.965584617

	11:30a.m
	13.2
	1044.252
	13.2
	33.8
	41
	53
	41
	37
	45
	0.056
	2372000
	 

	12:00p.m
	12.8
	1012.608
	12.8
	34
	51
	55
	53
	42
	48
	0.073
	2372000
	7.180651365

	12:30p.m
	12.9
	1020.519
	12.9
	34.5
	53
	57
	55
	49
	49
	0.098
	2372000
	 

	1:00p.m
	11.4
	901.854
	11.4
	35.9
	55
	57
	55
	51
	49
	0.137
	2372000
	15.13096639

	1:30p.m
	11.1
	878.121
	11.1
	35.9
	56
	59
	56
	52
	47
	0.175
	2372000
	 

	2:00p.m
	10.7
	846.477
	10.7
	36
	56
	60
	56
	54
	43
	0.195
	2372000
	22.94572501

	2:30p.m
	9.4
	743.634
	9.4
	36.1
	55
	63
	54
	54
	41
	0.218
	2372000
	 

	3:00p.m
	8.1
	640.791
	8.1
	36.1
	54
	60
	53
	56
	39
	0.192
	2372000
	29.84469608

	3:30p.m
	6.9
	545.859
	6.9
	36
	54
	55
	52
	53
	37
	0.174
	2372000
	 

	4:00p.m
	5.3
	419.283
	5.3
	35.9
	53
	53
	51
	51
	36
	0.162
	2372000
	38.48487638

	4:30p.m
	5
	395.55
	1.1
	35.7
	50
	51
	48
	50
	34
	0.143
	2372000
	 

	5:00p.m
	4.5
	355.995
	0
	34.1
	47
	50
	46
	49
	31
	0.13
	2372000
	36.37322335

	5:30p.m
	3
	237.33
	0
	33.7
	45
	49
	45
	47
	29
	0.121
	2372000
	 


                 Table (3.5) Performance study of a pyramid cover solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.600 kg

Day output from 9.00a.m- 5.30p.m is 2.028 kg

DATE: 6-2-11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection

For every30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7.6
	601.236
	0.7
	28.1
	25
	35
	26
	26
	30
	0.01
	2372000
	1.65667515

	9:30a.m
	8.1
	640.791
	1.1
	29.5
	28
	38
	29
	28
	33
	0.018
	2372000
	 


	10:00a.m
	8.9
	704.079
	1.5
	30.1
	30
	41
	31
	31
	36
	0.025
	2372000
	3.53672224

	10:30a.m
	9.4
	743.634
	0
	30.7
	33
	44
	32
	34
	38
	0.042
	2372000
	 

	11:00a.m
	10.1
	799.011
	0.7
	31.4
	36
	46
	35
	37
	41
	0.058
	2372000
	7.23032086

	11:30a.m
	10.7
	846.477
	0.9
	31.8
	37
	49
	39
	39
	44
	0.078
	2372000
	 

	12:00p.m
	11.5
	909.765
	1
	32.5
	42
	54
	43
	40
	47
	0.113
	2372000
	12.3717619

	12:30p.m
	11.8
	933.498
	2.5
	32.8
	47
	56
	48
	45
	50
	0.114
	2372000
	 

	1:00p.m
	12.5
	988.875
	1.7
	33.1
	52
	61
	53
	48
	52
	0.179
	2372000
	18.029927

	1:30p.m
	12.9
	1020.519
	2.8
	33.7
	55
	63
	55
	51
	55
	0.194
	2372000
	 

	2:00p.m
	12
	949.32
	0
	34
	57
	65
	57
	53
	57
	0.221
	2372000
	23.1879299

	2:30p.m
	11.5
	909.765
	0
	34.2
	54
	60
	53
	56
	53
	0.21
	2372000
	 

	3:00p.m
	11.1
	878.121
	3.3
	34
	52
	59
	51
	54
	51
	0.177
	2372000
	20.0771119

	3:30p.m
	10.5
	830.655
	2.4
	33.6
	49
	57
	49
	52
	50
	0.15
	2372000
	 

	4:00p.m
	8.3
	656.613
	3.7
	33.2
	47
	55
	48
	50
	48
	0.137
	2372000
	20.7822912

	4:30p.m
	6.5
	514.215
	0
	32.8
	45
	53
	45
	48
	46
	0.112
	2372000
	 

	5:00p.m
	4.2
	332.262
	0
	31
	43
	52
	42
	46
	45
	0.101
	2372000
	30.2777106

	5:30p.m
	1.5
	118.665
	1.8
	30.1
	40
	50
	41
	44
	42
	0.089
	2372000
	 


Table: (3.6) Performance study of a pyramid cover solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.700 kg

Day output from 9.00a.m- 5.30p.m is 2.207 kg

DATE: 9-2-11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection

For every30 minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	10.1
	799.011
	0.2
	30.5
	33
	40
	32
	29
	35
	0.007
	2372000
	0.872624932

	9:30a.m
	10.3
	814.833
	0.3
	30.9
	35
	42
	34
	31
	37
	0.013
	2372000
	 

	10:00a.m
	11.1
	878.121
	1
	31.7
	37
	45
	38
	33
	41
	0.023
	2372000
	2.60889024

	10:30a.m
	11.9
	941.409
	1.4
	32
	40
	48
	41
	36
	43
	0.037
	2372000
	 

	11:00a.m
	12.3
	973.053
	2.2
	32.6
	42
	51
	43
	38
	47
	0.061
	2372000
	6.244183746

	11:30a.m
	12.8
	1012.608
	1.4
	32.9
	45
	55
	46
	42
	50
	0.087
	2372000
	 

	12:00p.m
	13.5
	1067.985
	0
	33.7
	47
	57
	48
	45
	54
	0.122
	2372000
	11.37829038

	12:30p.m
	13.7
	1083.807
	0
	34
	50
	59
	51
	47
	57
	0.156
	2372000
	 

	1:00p.m
	14.5
	1147.095
	0.8
	34.2
	55
	62
	54
	52
	60
	0.189
	2372000
	16.41136682

	1:30p.m
	13.8
	1091.718
	1.6
	34.7
	61
	65
	60
	55
	62
	0.206
	2372000
	 

	2:00p.m
	13.1
	1036.341
	2.6
	34.9
	64
	63
	63
	57
	63
	0.244
	2372000
	23.45143819

	2:30p.m
	11.1
	878.121
	2.8
	34
	60
	60
	61
	57
	60
	0.242
	2372000
	 

	3:00p.m
	10.9
	862.299
	0
	33.5
	57
	59
	58
	56
	57
	0.22
	2372000
	25.41248491

	3:30p.m
	9.1
	719.901
	0
	33
	55
	57
	54
	53
	54
	0.203
	2372000
	 

	4:00p.m
	8.7
	688.257
	1.5
	32
	53
	55
	52
	51
	51
	0.171
	2372000
	24.74729918

	4:30p.m
	6.3
	498.393
	2.7
	31.1
	51
	52
	50
	50
	48
	0.109
	2372000
	 

	5:00p.m
	3.1
	245.241
	0
	30.5
	49
	50
	48
	48
	45
	0.098
	2372000
	39.80295657

	5:30p.m
	2
	158.22
	0
	30.1
	46
	47
	45
	46
	43
	0.019
	2372000
	 


                                     Table (3.7) Performance study of a pyramid cover solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.990 kg

Day output from 9.00a.m- 5.30p.m is 2.285 kg

DATE: 10-2-11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection

For every30

minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7.8
	617.058
	1.6
	25.1
	26
	36
	27
	26
	26
	0.006
	2372000
	0.968517782

	9:30a.m
	8.4
	664.524
	1.1
	25.7
	28
	38
	29
	28
	28
	0.015
	2372000
	 

	10:00a.m
	9.2
	727.812
	0.8
	26.8
	31
	41
	30
	31
	32
	0.023
	2372000
	3.14768279

	10:30a.m
	9.7
	767.367
	0
	26.9
	33
	43
	34
	35
	33
	0.043
	2372000
	 

	11:00a.m
	10.3
	814.833
	0
	27.4
	35
	45
	36
	37
	36
	0.061
	2372000
	7.456646609

	11:30a.m
	10.6
	838.566
	2.1
	28.7
	37
	47
	37
	39
	39
	0.086
	2372000
	 

	12:00p.m
	11.9
	941.409
	0
	29
	40
	50
	41
	41
	41
	0.114
	2372000
	12.06170884

	12:30p.m
	12.3
	973.053
	0.5
	29.5
	43
	52
	43
	44
	43
	0.134
	2372000
	 

	1:00p.m
	12.7
	1004.697
	3.1
	30.1
	45
	55
	46
	46
	49
	0.158
	2372000
	15.66405924

	1:30p.m
	12
	949.32
	3
	30.5
	47
	57
	48
	50
	53
	0.182
	2372000
	 

	2:00p.m
	11.5
	909.765
	2.2
	30.7
	51
	59
	50
	52
	48
	0.204
	2372000
	22.33486223

	2:30p.m
	11.3
	893.943
	1.9
	31.3
	49
	55
	50
	54
	43
	0.238
	2372000
	 

	3:00p.m
	10.7
	846.477
	1.3
	31
	47
	54
	48
	50
	40
	0.235
	2372000
	27.6525404

	3:30p.m
	10.3
	814.833
	0
	30.7
	45
	52
	44
	48
	38
	0.205
	2372000
	 

	4:00p.m
	9.4
	743.634
	0
	30
	43
	50
	43
	45
	36
	0.171
	2372000
	22.9044152

	4:30p.m
	6.4
	506.304
	0.9
	28
	40
	48
	40
	43
	34
	0.158
	2372000
	 

	5:00p.m
	4.3
	340.173
	3.6
	26.5
	39
	47
	40
	40
	32
	0.136
	2372000
	39.82184739

	5:30p.m
	2
	158.22
	0
	26.2
	37
	47
	37
	38
	30
	0.116
	2372000
	 


Table (3.8) Performance study of a pyramid cover solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.860 kg

Day output from 9.00a.m- 6.30p.m is 2.467 kg

                                                                                                                                                                            DATE: 11-2-11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection

For every

30minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	9.5
	751.545
	0.6
	32.5
	34
	42
	34
	35
	41
	0.009
	2372000
	1.19280611

	9:30a.m
	9.9
	783.189
	1.7
	32.7
	36
	44
	35
	37
	44
	0.015
	2372000
	 

	10:00a.m
	10.3
	814.833
	0.4
	33.2
	37
	46
	37
	38
	47
	0.025
	2372000
	3.056002709

	10:30a.m
	10.7
	846.477
	0
	33.5
	40
	49
	40
	40
	49
	0.039
	2372000
	 

	11:00a.m
	11.5
	909.765
	0
	34.1
	45
	52
	44
	43
	52
	0.058
	2372000
	6.350107889

	11:30a.m
	11.8
	933.498
	1.7
	34.6
	47
	55
	48
	46
	54
	0.094
	2372000
	 

	12:00p.m
	12.3
	973.053
	0.8
	34.9
	51
	57
	50
	47
	55
	0.117
	2372000
	11.97654915

	12:30p.m
	12.8
	1012.608
	1.7
	35.3
	52
	60
	51
	50
	57
	0.151
	2372000
	 

	1:00p.m
	13.5
	1067.985
	2.9
	35.8
	54
	62
	53
	53
	60
	0.187
	2372000
	17.44049427

	1:30p.m
	13.8
	1091.718
	0
	35.9
	56
	65
	55
	55
	63
	0.226
	2372000
	 

	2:00p.m
	12
	949.32
	0
	35.3
	55
	67
	55
	58
	65
	0.252
	2372000
	26.44053544

	2:30p.m
	11.6
	917.676
	1.3
	35
	54
	64
	54
	57
	63
	0.277
	2372000
	 

	3:00p.m
	11
	870.21
	3.5
	34.4
	51
	62
	52
	55
	60
	0.24
	2372000
	27.47068617

	3:30p.m
	10.2
	806.922
	0
	34.1
	49
	60
	49
	52
	57
	0.216
	2372000
	 

	4:00p.m
	8.7
	688.257
	0
	33.5
	46
	58
	46
	50
	54
	0.181
	2372000
	26.19450966

	4:30p.m
	6.5
	514.215
	3.6
	32.7
	44
	56
	45
	50
	52
	0.15
	2372000
	 

	5:00p.m
	5.3
	419.283
	1.4
	32
	44
	54
	45
	48
	50
	0.129
	2372000
	30.64536452

	5:30p.m
	2.1
	166.131
	2.5
	31
	42
	50
	43
	45
	48
	0.101
	2372000
	 


Table (3.9) Performance study of a pyramid cover solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.978 kg

Day output from 9.00a.m- 5.30p.m is 2.182 kg

DATE: 12-2-11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water               Collection

For every

30minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	6.9
	545.859
	0.8
	25.7
	25
	34
	25
	26
	29
	0.007
	2372000
	1.277320552

	9:30a.m
	7.3
	577.503
	1.1
	26.2
	27
	37
	28
	28
	32
	0.016
	2372000
	 

	10:00a.m
	7.9
	624.969
	2.5
	26.8
	30
	40
	31
	31
	34
	0.022
	2372000
	3.506279564

	10:30a.m
	8.5
	672.435
	3.7
	28
	31
	42
	32
	35
	36
	0.039
	2372000
	 

	11:00a.m
	8.8
	696.168
	1.4
	28.3
	34
	43
	33
	37
	38
	0.058
	2372000
	8.298436447

	11:30a.m
	9.3
	735.723
	0.6
	28.9
	37
	46
	37
	40
	39
	0.074
	2372000
	 

	12:00p.m
	10.5
	830.655
	1.8
	29.5
	40
	50
	41
	43
	43
	0.107
	2372000
	12.83055461

	12:30p.m
	11.3
	893.943
	2.6
	30.1
	43
	54
	42
	45
	45
	0.146
	2372000
	 

	1:00p.m
	11.9
	941.409
	3.2
	30.7
	45
	58
	46
	49
	48
	0.183
	2372000
	19.36221683

	1:30p.m
	11.5
	909.765
	3.9
	32.5
	48
	60
	48
	51
	50
	0.214
	2372000
	 

	2:00p.m
	10.9
	862.299
	4.1
	32.1
	46
	58
	47
	53
	49
	0.244
	2372000
	28.18475599

	2:30p.m
	11.1
	878.121
	0
	31.7
	44
	55
	43
	52
	46
	0.211
	2372000
	 

	3:00p.m
	9.7
	767.367
	0
	31.2
	41
	52
	40
	50
	44
	0.188
	2372000
	24.40265421

	3:30p.m
	9.3
	735.723
	0.9
	30.7
	38
	49
	37
	48
	42
	0.174
	2372000
	 

	4:00p.m
	8.7
	688.257
	1.5
	29.3
	38
	46
	37
	46
	41
	0.152
	2372000
	21.99759927

	4:30p.m
	6.2
	490.482
	0
	28.7
	35
	43
	36
	44
	38
	0.129
	2372000
	 

	5:00p.m
	4.2
	332.262
	0
	26.5
	33
	46
	32
	42
	35
	0.114
	2372000
	34.17484172

	5:30p.m
	1.7
	134.487
	0.2
	25.1
	31
	28
	30
	40
	33
	0.104
	2372000
	 


Table (3.10) Performance study of a pyramid cover solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.800 kg

                                               Day output from 9.00a.m- 5.30p.m is 2.463 kg                        DATE: 13-2-11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind  (m/s2)


	Temperature (  ͦC)
	Water     Collection

For every

30minutes              (kg)
	Latent Heat

Kg/m2
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	10.1
	799.011
	0.7
	32
	36
	44
	35
	33
	40
	0.01
	2372000
	1.246607046

	9:30a.m
	10.6
	838.566
	1.1
	32.7
	38
	47
	37
	35
	43
	0.025
	2372000
	

	10:00a.m
	11.5
	909.765
	1.5
	33.2
	39
	49
	40
	37
	45
	0.014
	2372000
	1.532784663

	10:30a.m
	11.8
	933.498
	0
	33.9
	41
	52
	42
	39
	47
	0.076
	2372000
	

	11:00a.m
	12.5
	988.875
	0
	34.1
	43
	55
	44
	42
	50
	0.093
	2372000
	9.367503983

	11:30a.ma
	12.8
	1012.608
	3.6
	34.5
	46
	57
	46
	45
	52
	0.12
	2372000
	

	12:00a.m
	13.5
	1067.985
	2.7
	34.8
	47
	57
	48
	47
	55
	0.148
	2372000
	13.80317194

	12:30p.m
	14.2
	1123.362
	0
	35.6
	50
	62
	51
	51
	57
	0.178
	2372000
	

	1:00p.m
	14.8
	1170.828
	1.7
	35.9
	51
	64
	51
	54
	60
	0.15
	2372000
	12.76087618

	1:30p.m
	14
	1107.54
	0.9
	35.4
	54
	67
	54
	57
	64
	0.235
	2372000
	

	2:00p.m
	13.7
	1083.807
	0
	35.1
	56
	67
	57
	57
	62
	0.275
	2372000
	25.27336547

	2:30p.m
	12
	949.32
	0
	34.6
	54
	65
	53
	55
	59
	0.241
	2372000
	

	3:00p.m
	10.1
	799.011
	3.5
	34.2
	51
	62
	50
	53
	57
	0.208
	2372000
	25.92942655

	3:30p.m
	8.3
	656.613
	4.1
	33.7
	47
	58
	48
	51
	54
	0.191
	2372000
	

	4:00p.m
	6.4
	506.304
	1.7
	33
	46
	55
	46
	49
	51
	0.175
	2372000
	34.42778052

	4:30p.m
	5.2
	411.372
	0.4
	32.4
	43
	51
	44
	47
	48
	0.152
	2372000
	

	5:00p.m
	3.7
	292.707
	0
	31.5
	41
	49
	40
	44
	45
	0.132
	2372000
	44.91828414

	5:30p.m
	2.1
	166.131
	0
	31
	39
	45
	38
	41
	42
	0.04
	2372001
	


Table (3.11) Performance study of a single slope solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.841 kg

Day output from 9.00a.m- 5.30p.m is 1.726 kg

DATE: 16-3-11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water

Collection

For every30

minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7.1
	561.681
	0.2
	25.2
	23
	27
	23
	20
	32
	0.003
	2372000
	0.625635205

	9:30a.m
	8
	632.88
	0.6
	27.5
	25
	38
	25
	23
	35
	0.007
	2372000
	 

	10:00a.m
	9.7
	767.367
	0
	28.5
	31
	45
	30
	28
	37
	0.018
	2372000
	2.747635023

	10:30a.m
	10.9
	862.299
	0.8
	29.2
	33
	47
	33
	31
	39
	0.029
	2372000
	 

	11:00a.m
	11.8
	933.498
	1.3
	30.3
	37
	50
	37
	34
	41
	0.045
	2372000
	5.646622822

	11:30a.m
	12.7
	1004.697
	1
	31
	41
	53
	40
	39
	43
	0.07
	2372000
	 

	12:00p.m
	13.1
	1036.341
	1.8
	31
	46
	55
	47
	43
	46
	0.1
	2372000
	11.30282431

	12:30p.m
	13.3
	1052.163
	0.7
	31.7
	55
	61
	53
	49
	49
	0.14
	2372000
	 

	1:00p.m
	13.1
	1036.341
	0
	33.1
	55
	60
	53
	52
	50
	0.16
	2372000
	18.08451889

	1:30p.m
	12.7
	1004.697
	0.6
	33.2
	56
	62
	54
	53
	52
	0.184
	2372000
	 

	2:00p.m
	11.9
	941.409
	0.3
	33.1
	57
	62
	56
	55
	52
	0.168
	2372000
	20.90357625

	2:30p.m
	11.2
	886.032
	1.5
	34.2
	58
	62
	56
	55
	52
	0.152
	2372000
	 

	3:00p.m
	10.3
	814.833
	1.9
	34.3
	58
	61
	57
	56
	51
	0.145
	2372000
	20.84438328

	3:30p.m
	9.2
	727.812
	1
	35.2
	57
	61
	58
	57
	50
	0.124
	2372000
	 

	4:00p.m
	7.1
	561.681
	1.6
	34.5
	56
	55
	56
	57
	46
	0.109
	2372000
	22.73141244

	4:30p.m
	5.7
	450.927
	1.7
	34.5
	54
	53
	55
	56
	45
	0.1
	2372000
	 

	5:00p.m
	4.4
	348.084
	0
	33.7
	52
	50
	53
	54
	43
	0.092
	2372000
	30.95946331

	5:30p.m
	3
	237.33
	0
	32.1
	51
	46
	51
	53
	40
	0.08
	2372000
	 


                              Table (3.12) Performance study of a single slope solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.950 kg

Day output from 9.00a.m- 5.30p.m is 1.778 kg

DATE: 18-3-11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature  ( ͦ C)
	Water

Collection For every30

minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7.1
	561.681
	0.2
	25.2
	42
	51
	43
	32
	35
	0.005
	2372000
	1.042725341

	9:30a.m
	8
	632.88
	1
	27
	45
	53
	46
	35
	39
	0.018
	2372000
	 

	10:00a.m
	8.5
	672.435
	0
	27.5
	49
	56
	49
	40
	41
	0.036
	2372000
	6.271072875

	10:30a.m
	8.8
	696.168
	0
	30.3
	50
	60
	51
	43
	46
	0.054
	2372000
	 

	11:00a.m
	9
	711.99
	0.5
	32.5
	52
	64
	52
	46
	49
	0.088
	2372000
	14.47766207

	11:30a.m
	12.2
	965.142
	0
	33
	59
	68
	58
	53
	53
	0.109
	2372000
	 

	12:00p.m
	12.6
	996.786
	1.1
	34
	63
	72
	63
	57
	59
	0.134
	2372000
	15.74680777

	12:30p.m
	12.8
	1012.608
	4.3
	34.5
	63
	75
	63
	59
	60
	0.16
	2372000
	 

	1:00p.m
	12.9
	1020.519
	0
	34.8
	66
	77
	66
	65
	62
	0.18
	2372000
	20.66051141

	1:30p.m
	11.8
	933.498
	0
	35.5
	67
	78
	66
	67
	60
	0.165
	2372000
	 

	2:00p.m
	11.6
	917.676
	4.8
	35.6
	68
	76
	67
	68
	60
	0.148
	2372000
	18.8913067

	2:30p.m
	10.8
	854.388
	0
	35.7
	66
	73
	66
	67
	59
	0.132
	2372000
	 

	3:00p.m
	9.5
	751.545
	1.5
	36
	60
	69
	60
	65
	58
	0.121
	2372000
	18.8590598

	3:30p.m
	7.9
	624.969
	0.6
	36.2
	59
	63
	59
	62
	54
	0.105
	2372000
	 

	4:00p.m
	7
	553.77
	0
	36
	55
	60
	55
	59
	50
	0.099
	2372000
	20.94090407

	4:30p.m
	5.1
	403.461
	1.6
	34
	51
	55
	51
	56
	46
	0.084
	2372000
	 

	5:00p.m
	3.2
	561.61
	0
	33.5
	50
	53
	50
	56
	31
	0.075
	2372000
	15.64285747

	5:30p.m
	2.5
	197.75
	1.8
	33
	48
	50
	48
	52
	25
	0.065
	2372000
	 


Table (3.13) Performance study of a single slope solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.697 kg

Day output from 9.00a.m- 5.30p.m is 1.874 kg

DATE: 19-3-11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature  ( ͦ C)
	Water

Collection

For every30

minute (kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	6
	474.66
	0
	28
	30
	40
	30
	22
	31
	0.002
	2372000
	0.49355666

	9:30a.m
	6.5
	514.215
	0
	30
	36
	44
	39
	29
	35
	0.019
	2372000
	 

	10:00a.m
	8.8
	696.168
	1.1
	33
	41
	48
	42
	43
	50
	0.038
	2372000
	6.39380221

	10:30a.m
	11.1
	878.121
	0
	32
	52
	57
	52
	43
	53
	0.06
	2372000
	 

	11:00a.m
	11.8
	933.498
	2.5
	33.8
	53
	60
	52
	51
	55
	0.12
	2372000
	15.0576609

	11:30a.m
	13.1
	1036.341
	1.5
	33.5
	70
	75
	71
	54
	52
	0.16
	2372000
	 

	12:00p.m
	13.5
	1067.985
	0
	35.2
	72
	78
	73
	56
	60
	0.2
	2372000
	21.9358516

	12:30p.m
	12.9
	1020.519
	1.8
	34.5
	73
	78
	73
	66
	60
	0.18
	2372000
	 

	1:00p.m
	12.7
	1004.697
	1.5
	35
	70
	73
	70
	64
	61
	0.165
	2372000
	19.237051

	1:30p.m
	11.8
	933.498
	0
	26.3
	73
	76
	74
	69
	62
	0.145
	2372000
	 

	2:00p.m
	11
	870.21
	0.4
	36.2
	73
	77
	74
	69
	61
	0.128
	2372000
	17.2296144

	2:30p.m
	10.4
	822.744
	0.1
	36
	70
	77
	70
	66
	59
	0.117
	2372000
	 

	3:00p.m
	9.5
	751.545
	1.4
	36
	67
	72
	68
	64
	56
	0.108
	2372000
	16.8328798

	3:30p.m
	7.5
	593.325
	0.5
	35.5
	57
	64
	58
	62
	54
	0.1
	2372000
	 

	4:00p.m
	5.4
	427.194
	0
	35
	55
	60
	55
	59
	47
	0.095
	2372000
	26.0488238

	4:30p.m
	4.4
	348.084
	0
	35
	53
	62
	54
	58
	47
	0.084
	2372000
	 

	5:00p.m
	3
	237.33
	0.4
	33
	52
	58
	52
	57
	42
	0.08
	2372000
	39.4845329

	5:30p.m
	2.5
	197.775
	0
	32
	50
	55
	50
	56
	39
	0.073
	2372000
	 


Table (3.14) Performance study of a single slope solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.745 kg

Day output from 9.00a.m- 5.30p.m is 1.499 kg

DATE: 20-3-11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature  ( ͦ C)
	Water

Collection

For every30

minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	4.1
	324.351
	0
	28.3
	24
	33
	25
	24
	31
	0.004
	2372000
	1.444556082

	9:30a.m
	6.4
	506.304
	0
	30
	28
	38
	28
	26
	37
	0.007
	2372000
	 

	10:00a.m
	8.3
	656.613
	0.3
	30.2
	30
	44
	30
	28
	40
	0.01
	2372000
	1.78393974

	10:30a.m
	9.4
	743.634
	0.9
	30.8
	33
	48
	33
	31
	42
	0.015
	2372000
	 

	11:00a.m
	10.3
	814.833
	0.1
	32.2
	35
	52
	35
	33
	44
	0.022
	2372000
	3.162596083

	11:30a.m
	11.3
	893.943
	0
	32.8
	38
	59
	38
	35
	50
	0.05
	2372000
	 

	12:00p.m
	11.8
	933.498
	3.2
	33.3
	47
	60
	47
	45
	52
	0.075
	2372000
	9.411038037

	12:30p.m
	12.3
	973.053
	0
	33.4
	50
	62
	50
	48
	53
	0.11
	2372000
	 

	1:00p.m
	12.9
	1020.519
	0
	34.3
	53
	63
	53
	51
	54
	0.141
	2372000
	16.18406727

	1:30p.m
	11.8
	933.498
	2.5
	35.2
	55
	66
	55
	52
	56
	0.16
	2372000
	 

	2:00p.m
	11.5
	909.765
	0
	36.2
	58
	68
	58
	54
	57
	0.14
	2372000
	18.02554764

	2:30p.m
	10
	791.1
	1.6
	36.3
	60
	68
	60
	55
	59
	0.122
	2372000
	 

	3:00p.m
	9.9
	783.189
	0.8
	36
	59
	65
	59
	56
	56
	0.11
	2372000
	16.45188872

	3:30p.m
	8.8
	696.168
	0
	35.8
	59
	62
	59
	58
	50
	0.105
	2372000
	 

	4:00p.m
	7.3
	577.503
	0
	35.7
	58
	58
	59
	58
	49
	0.095
	2372000
	19.26899295

	4:30p.m
	5.6
	443.016
	1.6
	35.4
	56
	56
	57
	56
	45
	0.088
	2372000
	 

	5:00p.m
	4.4
	348.084
	1
	35
	54
	52
	55
	55
	45
	0.081
	2372000
	27.25778835

	5:30p.m
	4.1
	324.351
	0.8
	34.6
	52
	50
	52
	53
	40
	0.074
	2372000
	 


                               Table (3.15) Performance study of a single slope solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.650 kg

Day output from 9.00a.m- 5.30p.m is 1.841 kg

DATE: 21-3-11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature  ( ͦ C)
	Water

Collection For every30

minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	5.4
	427.194
	1.5
	30
	29
	40
	29
	28
	35
	0.003
	2372000
	0.341693073

	9:30a.m
	7.7
	609.147
	0
	32.1
	35
	45
	34
	32
	39
	0.008
	2372000
	 

	10:00a.m
	8.9
	704.079
	2.4
	33.4
	39
	49
	38
	34
	42
	0.016
	2372000
	2.661878624

	10:30a.m
	9.5
	751.545
	1.2
	33.9
	43
	55
	42
	35
	47
	0.029
	2372000
	 

	11:00a.m
	10.7
	846.477
	2.5
	34.1
	51
	59
	51
	39
	52
	0.046
	2372000
	6.365497129

	11:30a.m
	11.5
	909.765
	1.8
	34.3
	54
	65
	55
	45
	56
	0.064
	2372000
	 

	12:00p.m
	12.6
	996.786
	3.6
	35.1
	58
	67
	57
	50
	57
	0.09
	2372000
	10.57621417

	12:30p.m
	13
	1028.43
	0
	35.8
	62
	69
	61
	57
	59
	0.116
	2372000
	 

	1:00p.m
	13.5
	1067.985
	0
	36.3
	65
	73
	64
	63
	61
	0.146
	2372000
	16.01317168

	1:30p.m
	12.5
	988.875
	1.2
	36.9
	63
	75
	62
	68
	61
	0.171
	2372000
	 

	2:00p.m
	11.8
	933.498
	0.8
	36.1
	62
	72
	62
	69
	58
	0.198
	2372000
	24.84514042

	2:30p.m
	10.9
	862.299
	1
	35.1
	60
	68
	61
	69
	55
	0.216
	2372000
	 

	3:00p.m
	9.2
	727.812
	0
	35.4
	58
	65
	57
	68
	51
	0.185
	2372000
	29.77434208

	3:30p.m
	7.7
	609.147
	0.9
	35
	56
	62
	55
	65
	48
	0.154
	2372000
	 

	4:00p.m
	6.8
	537.948
	0.1
	34.2
	53
	58
	53
	60
	45
	0.128
	2372000
	27.871435

	4:30p.m
	6
	474.66
	1
	33.9
	50
	54
	50
	58
	43
	0.108
	2372000
	 

	5:00p.m
	5.1
	403.461
	0
	32
	49
	52
	49
	55
	41
	0.088
	2372000
	25.54881542

	5:30p.m
	4.1
	324.351
	0
	32
	48
	50
	48
	53
	40
	0.075
	2372000
	 


Table (3.16) Performance study of a single slope solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.734 kg

Day output from 9.00a.m- 5.30p.m is 2.126 kg

DATE: 22-3-11

	Time of the day
	Insolation

(mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature ( ͦ C)
	Water Collection

For every30

minutes (kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	6.5
	514.215
	0.7
	23.1
	22
	34
	23
	21
	28
	0.002
	2372000
	0.455590764

	9:30a.m
	7.1
	561.681
	1.5
	24.4
	25
	37
	24
	25
	31
	0.008
	2372000
	 

	10:00a.m
	7.8
	617.058
	0
	24.8
	27
	42
	26
	29
	35
	0.016
	2372000
	3.037271763

	10:30a.m
	8.5
	672.435
	2.5
	25.5
	32
	47
	31
	32
	38
	0.03
	2372000
	 

	11:00a.m
	9.3
	735.723
	1
	27
	36
	52
	37
	35
	43
	0.054
	2372000
	8.597438619

	11:30a.m
	9.9
	783.189
	4.4
	27.8
	39
	56
	38
	39
	45
	0.088
	2372000
	 

	12:00p.m
	10.4
	822.744
	0
	28.4
	45
	59
	46
	43
	51
	0.107
	2372000
	15.23381619

	12:30p.m
	10.8
	854.388
	0.8
	29
	47
	62
	47
	45
	55
	0.13
	2372000
	 

	1:00p.m
	11.6
	917.676
	3.1
	29.8
	50
	64
	50
	48
	57
	0.155
	2372000
	19.78481445

	1:30p.m
	11.8
	933.498
	1.4
	30.4
	51
	67
	50
	53
	57
	0.17
	2372000
	 

	2:00p.m
	12.2
	965.142
	0
	31
	55
	69
	54
	55
	59
	0.182
	2372000
	22.08868337

	2:30p.m
	12
	949.32
	0
	31.4
	58
	69
	59
	57
	55
	0.198
	2372000
	 

	3:00p.m
	11.6
	917.676
	4.1
	31.7
	62
	72
	61
	59
	53
	0.207
	2372000
	26.42230058

	3:30p.m
	11.1
	878.121
	4.3
	30.9
	58
	68
	57
	63
	51
	0.181
	2372000
	 

	4:00p.m
	10.8
	854.388
	0
	30.5
	54
	65
	53
	58
	49
	0.173
	2372000
	23.71813957

	4:30p.m
	8.2
	648.702
	0
	30
	54
	60
	53
	55
	45
	0.155
	2372000
	 

	5:00p.m
	4.2
	332.262
	1.6
	28
	52
	57
	52
	53
	43
	0.14
	2372000
	49.35566615

	5:30p.m
	2.5
	197.775
	1.2
	26
	49
	52
	50
	51
	40
	0.13
	2372000
	 


Table (3.17) Performance study of a single slope solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.634 kg

Day output from 9.00a.m - 5.30p.m is 2.263 kg

DATE: 23-3-11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature ( ͦ C)
	Water

Collection

For every30

minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7.7
	609.147
	0.6
	23.1
	40
	51
	40
	30
	38
	0.005
	2372000
	0.961474016

	9:30a.m
	8.4
	664.524
	1
	23.8
	42
	55
	41
	33
	41
	0.012
	2372000
	 

	10:00a.m
	8.6
	680.346
	3.2
	24.4
	46
	57
	43
	37
	44
	0.025
	2372000
	4.304273211

	10:30a.m
	9.4
	743.634
	0
	24.8
	49
	62
	49
	41
	48
	0.048
	2372000
	 

	11:00a.m
	9.9
	783.189
	0
	25.3
	52
	65
	53
	45
	50
	0.075
	2372000
	11.21719685

	11:30a.m
	10.1
	799.011
	1.4
	25.7
	56
	68
	57
	48
	52
	0.109
	2372000
	 

	12:00p.m
	10.7
	846.477
	2
	28
	58
	68
	57
	51
	55
	0.14
	2372000
	19.37325213

	12:30p.m
	11
	870.21
	1
	30.1
	61
	70
	60
	55
	57
	0.16
	2372000
	 

	1:00p.m
	11.5
	909.765
	0
	31.2
	64
	72
	64
	59
	57
	0.185
	2372000
	23.81947366

	1:30p.m
	12.1
	957.231
	0
	32.4
	65
	75
	65
	65
	59
	0.201
	2372000
	 

	2:00p.m
	12.5
	988.875
	3.1
	33
	65
	76
	65
	69
	61
	0.222
	2372000
	26.29669892

	2:30p.m
	13
	1028.43
	2.5
	33.6
	68
	78
	67
	72
	63
	0.254
	2372000
	 

	3:00p.m
	12.7
	1004.697
	1.1
	33
	65
	74
	64
	75
	60
	0.19
	2372000
	22.15175567

	3:30p.m
	11.1
	878.121
	0
	33
	63
	71
	62
	71
	57
	0.165
	2372000
	 

	4:00p.m
	11.5
	909.765
	1.5
	32.5
	61
	68
	60
	66
	56
	0.144
	2372000
	18.54056328

	4:30p.m
	8.4
	664.524
	1.9
	32.1
	59
	63
	58
	64
	54
	0.125
	2372000
	 

	5:00p.m
	6.3
	498.393
	2.9
	31.8
	55
	60
	54
	58
	52
	0.11
	2372000
	25.85296798

	5:30p.m
	3.1
	245.241
	0.3
	31
	52
	56
	53
	54
	50
	0.093
	2372000
	 


Table (3.18) Performance study of a single slope solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.664 kg

Day output from 9.00a.m- 5.30p.m is 2.118 kg

DATE: 24-3-11

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature ( ͦ C)
	Water

Collection

For every30

minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	8.7
	688.257
	0.7
	27.7
	45
	57
	46
	35
	45
	0.005
	2372000
	0.850959761

	9:30a.m
	9.5
	751.545
	1.8
	28.5
	48
	59
	49
	39
	48
	0.008
	2372000
	 

	10:00a.m
	10.1
	799.011
	2.5
	29.4
	51
	61
	52
	43
	51
	0.012
	2372000
	1.759211863

	10:30a.m
	10.8
	854.388
	1.1
	30.4
	54
	64
	53
	47
	54
	0.025
	2372000
	 

	11:00a.m
	11.5
	909.765
	0.9
	30.8
	57
	67
	56
	51
	56
	0.051
	2372000
	6.566449496

	11:30a.m
	11.8
	933.498
	1.5
	31.5
	61
	68
	60
	54
	58
	0.075
	2372000
	 

	12:00p.m
	12.4
	980.964
	0
	32.4
	63
	71
	64
	59
	60
	0.12
	2372000
	14.32906437

	12:30p.m
	12.7
	1004.697
	0
	32.7
	65
	73
	66
	62
	63
	0.16
	2372000
	 

	1:00p.m
	13.5
	1067.985
	0
	33.5
	68
	75
	68
	65
	65
	0.185
	2372000
	20.29066275

	1:30p.m
	13.7
	1083.807
	0
	33.8
	71
	78
	71
	68
	64
	0.21
	2372000
	 

	2:00p.m
	13.4
	1060.074
	4.1
	33
	73
	76
	74
	70
	62
	0.235
	2372000
	25.96697361

	2:30p.m
	13
	1028.43
	0.8
	32.5
	70
	73
	70
	67
	60
	0.2
	2372000
	 

	3:00p.m
	12.4
	980.964
	0
	32.2
	68
	71
	69
	63
	58
	0.185
	2372000
	22.0906409

	3:30p.m
	10.6
	838.566
	1.7
	31.8
	65
	68
	66
	59
	56
	0.167
	2372000
	 

	4:00p.m
	9.4
	743.634
	2.6
	31.5
	63
	65
	62
	56
	53
	0.148
	2372000
	23.31267635

	4:30p.m
	8.5
	672.435
	0
	30.8
	60
	63
	61
	54
	50
	0.13
	2372000
	 

	5:00p.m
	6.3
	498.393
	3.1
	30.2
	57
	58
	56
	52
	49
	0.127
	2372000
	29.84842667

	5:30p.m
	2
	158.22
	0
	28
	54
	57
	55
	49
	48
	0.075
	2372000
	 


Table (3.19) Performance study of a single slope solar still with phase change material (wax)

Nocturnal output from 6.30p.m to 6.30a.m is 0.741 kg

Day output from 9.00a.m- 5.30p.m is 1.895kg

DATE: 25-3-11
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature  ( ͦ C)
	Water

Collection

For every30

minutes(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7
	553.77
	1.5
	30.1
	34
	44
	35
	25
	35
	0.006
	2372000
	1.269145701

	9:30a.m
	7.4
	585.414
	0
	30.9
	36
	49
	37
	30
	38
	0.018
	2372000
	 

	10:00a.m
	7.9
	624.969
	0.9
	31.7
	41
	53
	42
	33
	43
	0.035
	2372000
	6.559930311

	10:30a.m
	8.2
	648.702
	1.8
	32.5
	46
	58
	46
	36
	46
	0.067
	2372000
	 

	11:00a.m
	8.8
	696.168
	1.1
	32.9
	49
	62
	50
	39
	48
	0.098
	2372000
	16.48927937

	11:30a.m
	9.4
	743.634
	1
	33.5
	54
	66
	54
	45
	52
	0.13
	2372000
	 

	12:00p.m
	9.8
	775.278
	0.2
	34.4
	58
	69
	57
	48
	55
	0.168
	2372000
	25.38291402

	12:30p.m
	10.3
	814.833
	2.9
	35
	63
	75
	63
	52
	57
	0.192
	2372000
	 

	1:00p.m
	11.2
	886.032
	0
	35.6
	68
	77
	68
	55
	61
	0.209
	2372000
	27.63035953

	1:30p.m
	11.7
	925.587
	0
	35.9
	71
	79
	72
	66
	65
	0.185
	2372000
	 

	2:00p.m
	12.1
	957.231
	3.6
	36.2
	75
	82
	75
	68
	63
	0.164
	2372000
	20.06858491

	2:30p.m
	12
	949.32
	4.1
	35
	77
	84
	76
	72
	60
	0.151
	2372000
	 

	3:00p.m
	11.5
	909.765
	0
	34.4
	73
	82
	72
	75
	58
	0.137
	2372000
	17.6392859

	3:30p.m
	10.8
	854.388
	3.5
	34.1
	71
	75
	70
	70
	55
	0.11
	2372000
	 

	4:00p.m
	10.3
	814.833
	0
	32.5
	68
	73
	67
	65
	51
	0.098
	2372000
	14.08792801

	4:30p.m
	8.5
	672.435
	1.1
	31
	65
	70
	64
	60
	48
	0.085
	2372000
	 

	5:00p.m
	6.5
	514.215
	0
	30.5
	61
	68
	60
	56
	46
	0.036
	2372000
	8.20063376

	5:30p.m
	4.1
	324.351
	0
	30
	58
	65
	57
	50
	44
	0.006
	2372000
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				Room		Water		wax		Air		Top cover

		9.00		27.1		27		28		31		29

		9.30		28.4		29		30		35		30

		10.00		29.3		32		31		41		33

		10.30		31		36		32		45		35

		11.00		31.9		40		35		49		38

		11.30		32.4		43		39		52		40

		12.00		32.9		45		43		55		42

		12.30		33.5		50		48		56		43

		1.00		34		52		50		58		45

		1.30		34.3		54		53		60		47

		2.00		34		55		54		59		45

		2.30		33.8		53		54		57		43

		3.00		33.3		52		52		57		41

		3.30		32.8		50		51		56		39

		4.00		32.2		47		49		55		37

		4.30		31.5		45		47		54		35

		5.00		31.1		42		47		50		32

		5.30		30.4		40		45		49		30
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		Time of the Day		Water temperature		Distillate output		Series 3

		9.00		27		1		2

		9.30		29		15		2

		10.00		32		33		3

		10.30		36		48		5

		11.00		40		65

		11.30		43		93

		12.00		45		113

		12.30		50		136

		1.00		52		172

		1.30		54		230

		2.00		55		212

		2.30		53		180

		3.00		52		157

		3.30		50		138

		4.00		47		106

		4.30		45		77

		5.00		42		51

		5.30		40		40

				To resize chart data range, drag lower right corner of range.
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		Time of the Day		Radiation		Series 2		Series 3

		9.00		561.681		2.4		2

		9.30		632.88		4.4		2

		10.00		767.367		1.8		3

		10.30		862.299		2.8		5

		11.00		933.498

		11.30		1004.697

		12.00		1036.341

		12.30		1052.163

		1.00		1036.341

		1.30		1004.697

		2.00		941.409

		2.30		886.032

		3.00		814.833

		3.30		727.812

		4.00		561.681

		4.30		450.927

		5.00		348.084

		5.30		237.33

				To resize chart data range, drag lower right corner of range.
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		Time of the Day		Room		Water		Wax		Air		Top cover

		9.00		25.2		23		20		23		32

		9.30		27.5		25		23		25		35

		10.00		28.5		31		28		30		37

		10.30		29.2		33		31		33		39

		11.00		30.3		37		34		37		41

		11.30		31		41		39		40		43

		12.00		31		46		43		47		46

		12.30		31.7		55		49		53		49

		1.00		33.1		55		52		53		50

		1.30		33.2		56		53		54		52

		2.00		33.1		57		55		56		52

		2.30		34.2		58		55		56		52

		3.00		34.3		58		56		57		51

		3.30		35.2		57		57		58		50

		4.00		34.5		56		57		56		46

		4.30		34.5		54		56		55		45

		5.00		33.7		52		54		53		43

		5.30		32.1		51		53		51		40
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		Time of the Day		Insolation		Series 2		Series 3

		9.00		664.524		2.4		2

		9.30		812		4.4		2

		10.00		799.011		1.8		3

		10.30		870.21		2.8		5

		11.00		909.765

		11.30		957.231

		12.00		996.786

		12.30		1028.43

		1.00		1075.896

		1.30		957.231

		2.00		901.851

		2.30		870.21

		3.00		680.346

		3.30		506.304

		4.00		435.105

		4.30		268.974

		5.00		174.042

		5.30		118.665

				To resize chart data range, drag lower right corner of range.
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		Time of the Day		Distillate output		Series 2		Series 3
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				To resize chart data range, drag lower right corner of range.






