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    CHAPTER I

INTRODUCTION

1.2 Introduction

Energy is a crucial factor and plays a vital role for the survival of mankind. There are a number of renewable energy sources such as solar energy, wind energy, geothermal energy, biomass energy, ocean energy and nuclear energy. Among them various form of renewable sources solar energy has the greatest potential.
1.2. Why Solar Energy Option
Solar energy is plentiful, inexpensive and pollution free. Because of the abundance of solar energy in tropical country like India, it can be harnessed for all our energy needs, Solar can be tapped either by solar thermal technology or by photovoltaic (PV) conversion.

1.3. Solar Desalination
Solar energy can be used for desalting of saline water. A number of different designs have been developed. Due to the diffuse and intermittent nature of solar energy, simple glass covered green house-type are found to be particularly suitable for desalination of saline water.

1.4 Types of Solar Desalination

There are many methods of converting brackish water into potable water. Some of the processes which are now commercially employed are the following processes

1.4.1
Desalination


In this method, the brackish or saline water is evaporated using thermal energy and the resulting steam is collected and condensed as final product.

1.4.2 Vapour Compression


In this process of distillation, water vapour from boiling water is compressed adiabatically and vapour gets superheated. The superheated vapour is first cooled to saturation temperature and then condensed at constant pressure. This process is desired by mechanical energy.

1.4.3 Reverse Osmosis

In this process, saline water is pushed at high pressure through special membranes allowing water molecules selectively to pass and not the dissolved salts.

1.4.4 Electrodialysis

In this method, water is passed through a pair of special membranes, perpendicular to which there is an electric field. Water does not pass through the membranes while dissolved salts pass selectively.

1.5 Solar Stills

Solar stills are simple and reliable systems capable of producing fresh potable water from salty sea and brackish, effluent brines or contaminated water resources. Although their efficiency is not particularly high, many other design, operational and cost parameters determine decisively their use for providing moderate quantities of potable water to certain isolated and remote communities in arid geographical regions. Multiple effect stills may dramatically improve performance with the design simplicity of the original device. These thermal distillation systems are capable of producing high purity water far above the level of existing regulations, owing to their fundamental operational principle, based on heat driven evaporation processes employing environmentally safe solar heat.


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


The solar still distills saline water inside it without any moving part and the output per unit area depends on the solar energy input. The sun’s energy falling on the evaporating surface of saline water is not completely used for distillation, but is lost in more than one way, namely reflection, convection and radiation from glass covers and through conduction from sides and bottom. It is obvious that all the evaporated water vapours must be condensed and recovered without much loss.


The solar still can be characterized as simple to construct, operate and maintain with the minimum of operation cost due to absence of moving parts and freely available solar energy as fuel. They are further characterized by a high initial investment and low operating cost. Due to lower output per unit area, the desalted water cost is high and the individual plant capacity is also less. But with the modular type of construction the capacity of the installation is easy to increase.

1.6 Basics of Solar Still 

The distillate output from a solar still depends on many parameters like climatic parameter such as solar insolation, ambient air temperature, wind speed, atmospheric humidity, sky conditions etc. and design parameters such as thermo physical properties of the material used in its construction, orientation of still, tilt angle of cover, spacing between cover and water surface, insolution of the base, vapour tightness, absorption transmittance properties of still etc. and operating parameters such as water depth in the basin, initial water temperature, water salinity etc. The ultimate aim is to increase the distillate output. An important parameter affecting the output is solar insolation. On horizontal surface (HT). If Qe is the amount of heat where ‘L’ is the latent heat of evaporation of water (2.43 x 106 J/kg). The efficiency of the still should be as close to unity as possible which can be done by reducing the heat losses [image: image4.png](W/m?)



 utilized by solar still for evaporating [image: image6.png]


 kg of water per m2 per day, then the efficiency of solar still is given as    

[image: image8.png]



The daily distillate output [image: image10.png]M, (kg/m*day)



  of still is given as  
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There are a number of still models such as 

1. Pit solar still

2. Cone solar still

3. Box solar still

4. Basin type solar still and 

5. Regenerative still

1.7 Objective of the study
1. To convert saline or brakish water into pure water.
2. To obtain the potable or fresh distilled water from impure water, using the solar energy as fuel, for its various applications in domestic, industrial, hospital etc.

CHAPTER II

REVIEW OF LITERATURE

· Optimization of solar flat collector inclination was presented by Hamid Moghadam, Farshad Farshchi Tabrizi and Ashkan Zolfaghari Sharak, (2011). Solar global radiation on a horizontal surface was estimated using a mathematical model and the results were compared with the recorded data from the Zahedan city meteorological station. A MATLAB-based code is used to calculate the daily optimum tilt angle. 
· A.M. El-Zahaby, A.E. Kabeel, A.I. Bakry, S.A. El-Agouz, and O.M. Hawam, (2011) presented the paper on Enhancement of solar still performance using a reciprocating spray feeding system— An experimental approach. The results indicate the high response of the still to the increase of the solar radiation leading to the rapid heating up on launching phases

· A model that calculates the distribution of solar radiation inside a basin-typesolar still with plane reflectors was proposed by A. Madhlopa and C.M. Johnstone (2011). 
· The operation principle and design method of a new trough solar concentrator is presented by He Kaiyan, Zheng Hongfei and Tao Tao (2011). 
· V.K.Dwivedi and G.N.Tiwari (2010) developed an experimental work of thermal modeling of a double slope active solar still, carried out on the basis of energy balance of east and west glass covers, water mass and basin linear under natural circulation mode. The hourly thermal and energy efficiency of active solar still have also been evaluated for 0.03 m water depth. It has been observed that the energy efficiency of double slope active solar still is higher than that of a double slope passive solar still.

· An integrated basin solar still with a built-in sandy heat reservoir has been investigated experimentally under the climatological conditions of Zahedan, Iran by Farshad Farshchi Tabrizi and Ashkan Zolfaghari Sharak (2010). The results show that implementation of a sandy heat reservoir to a basin solar still enhances the daily productivity.

· M.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. 

· Rahul Dev and G.N.Tiwari (2010) proposed a hybrid (PV-T) active solar still which is a combination of solar still and Flat Plate Collector (FPC) integrated with glass-glass photovoltaic module. 

· A Cascade Solar Still (CSS) was designed for water purification with a view of enhancing the daily productivity has proposed by Farshad Farshchi Tabrizi, Mohammad Dashtban, Hamid Moghaddan and Kiyanoosh Razzaghi (2010). The results showed a decrease in the internal heat and mass transfer rates as well as daily productivity with an increase in water flow rate.

· A new design of a stepped solar desalination system with flashing chamber is experimentally investigated by A.M.El-zahaby, A.E.Kabeel, A.L.Bakry, S.A.El-agouz, and O.M.Hawam (2010). The main objective of the investigation was to study the performance of step-wise water basin coupled with a spray water system by augmenting desalination productivity through using two air heaters. It is observed that the system efficiency decreases with the increase of the power consumed.

· A new mass and heat transfer model of a Tubular Solar Still (TSS) was proposed incorporating various mass and heat transfer coefficients taking account of the humid air properties inside the still, was demonstrated by Amimul Ahsan and Teruyuki Fukuhara (2010). The heat balance of the humid air and the mass balance of the water vapour in the humid air were formulized for the first time. It has been resulted that both of daily evaporation and daily condensation calculated by the proposed model can be considered to be the daily production.

· Mohmoud I.M.Sharat and K.Mahkamov (2010) described the performance of a multi-stage water desalination still connected to a heat pipe evacuated tube solar collector with aperture area of 1.7 m2. It has been observed that the increase in number of stages results in a rise in the amount of the distillate.

· Khaled M.S.Eladlil (2010) presented a new concept of active vibratory solar still. A flexible packed stretched media installed in the bottom of the basin to increase the efficiency of the still is applied. 

· Khaoula Hidouri et al., (2010) developed an experimental work on hybrid solar still by heat pump compression. Data obtained from our experimental research are used to determine convective and evaporative heat transfer coefficients such as the experimental and theoretical efficiencies.

· A new radiation model for a single-slope solar still has been developed for the first time takes into account the effect of all walls of the still on the amount of incident solar radiation on the water surface was examined by M.Feilizadeh, M.Sottanich, K.Jafarpur and M.R.Karini Estahbanati (2010). 

· Amimul Ahsan, Kh.M.Shafiul Islam, Teruyuki Fukuhara and Abdul Halim Ghazali (2010) described a comparison between our first model of a Tubular Solar Still (TSS) and a second one. The first model was designed using a vinyl chloride sheet as a transparent tubular cover in the second model.
· Shiv Kumar et al., (2010) developed to estimate the glass cover temperature for known values of water and ambient temperatures in the basin type hybrid (PV/T) active solar still. The empirical relation developed is based on outdoor experimental results of water and ambient temperature in the range of 14(C to 92(C and 14(C to 36(C respectively.

· Rahul Dev and G.N.Tiwari (2009) made a study on the characteristic equation that has been used for experimental results of a passive solar still to generate linear and non-linear characteristic equations for winter and summer conditions. 
· A vertical multiple-effect diffusion solar still, consisting of a glass cover and a series of closely spaced vertical and parallel partitions in contact with saline-soaked wicks, coupled with a flat plate reflector was constructed and examine by Hiroshi Tanaka (2009).

· A.E.Kabeel (2009) made a study on the performance of solar still with a concave wick evaporation surface. Surface used for evaporation and condensation phenomenon play important roles in the performance of basin type solar still. In the  study, a concave wick surface was used for evaporation, whereas four sides of a pyramid shaped still were used for condensation.

· V.Velmurugan et al., (2009) has made a performance analysis in stepped solar still for effluent desalination. In this work, a stepped solar still and an effluent settling tank are fabricated and tested for desalinating the basin effluent. 
· Hiroshi Tanaka (2009) has presented a theoretical analysis of a tilted wick solar still with an external flat plate reflector. The reflector is assumed to be able to be inclined forwards or backwards according to the seasons.

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

· Abdul Jabbar N.Khalifa and Ahmad M.Hamood (2009) had made the experimental and numerical studies on different configurations of solar stills to reach the optimum design by examining the effect of climatic, operational and design parameters on its performance. The most important parameters investigated were solar radiation, cover tilt angle, brine depth and using dyes with the brine. 
· A new hybrid desalination system that constitutes of Wind Turbine (WT) and Inclined Solar Water Distillation (ISWD) integrated with Main Solar Still (MSS) was presented by Mohamed A.Eltawil et al., (2009). A small wind turbine is used to operate a rotating shaft fitted in the MSS to break boundary layer of the basin water surface. The annual electricity savings is found to be 195.22 RMB/kwh/m2.
· V.K.Dwivedi and G.N.Tiwari (2009) experimented to evaluate the internal heat transfer coefficient of single and double slope passive solar stills in summer as well as in winter climatic conditions for three different water depths (0.01, 0.02 and 0.03 m) by various thermal models. It was observed that on annual basis output of a single slope solar still is better (499.41 l/m2) as compared with a double slope solar still (464.68 l/m2).

· A basin type solar still with internal and external reflectors was constructed and then examined by Hiroshi Tanaka (2009). The external reflectors was inclined slightly forward to make the reflected sunrays hit the basin liner of the still effectively.

· A passive solar still with separate condenser has been modeled and its performance evaluated by A.Madhlopa and C.Johnstone (2009). 
· Thermoforming allowed for the realization of a single slop solar still that can sustainably produce high quality drinking water at point of use from waste water with an above average efficiency and at manufacturing price (in The Netherlands) of below ( 25 per system are carried out by L.M.Flendrig et al., (2009).

· A new model that calculates the distribution of solar radiation inside a single slope solar still has proposed by A.Madhlopa and C.Johstone (2009). It appears that splitting the solar fraction into beam and diffuse parts improves the accuracy of modeling the performance of a single-slope solar still.

· Salah Abdallah 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.

· Single basin solar still in a very simple solar device used for converting available brackish or waste water into potable water. Different materials are used in the basin along with 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).

· S.Abdallah and O.O.Badran (2008) developed a sung tracking system or 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 per cent due to the increase of overall efficiency by two per cent.

· V.Velmurugan et al., (2008) has made a performance study on single basin solar still with fin for enhancing productivity. In this work, to augment evaporation of the still basin water, fins were integrated at the basin of the still. Thus production rate accelerated.

· The performance of a single slope solar still using different operational parameters has studied by O.O.Badran (2007). The study showed that the daily production of still can be increased by reducing the depth of the water in the basin.

· An indirect vertical solar still consisting of a flat plate collector, an evaporation chamber and condensation chamber, forms a compact unit. The principle of operation of such a still, the main design parameters and the results of solar still preliminary performance tests are presented by M.Boukar and A.Harmim (2007).
· Hiroshi Tanaka and Yasuhito Nakatake (2007) made an analysis to determine the optimum angle of the flat plate reflector and the optimum orientation of the still. 
· Hiroshi Tanaka and Yasuhito Nakatake (2006) presented a theoretical analysis of a basin type still with internal and external reflectors. 
· O.O.Badran and H.A.Al-Tahaineh (2005) studied the effect of coupling a flat plate solar collector on the productivity of solar stills was carried out to enhance the productivity. It has been found that coupling of a solar collector with a still has increased the productivity by 36 per cent.

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

· Two solar stills (single basin and double decker) were fabricated and tested by A.A.Al-karaghouli and W.E.Alnaser (2004). 
· A prototype solar still having a vertical flat absorber of 0.817m2 was designed, constructed and tested by M.Boukar and A.Harmim (2003). 
· A novel continuous single-stage solar still that makes use of a phase change energy storage mixture (PCESM) for promoting energy usage has been devised and constructed by Mona M.Naim and Mervat A.Abd El Kawi (2003). The use of an energy storage material led to a larger productivity of distilled water and that the larger the concentrations of the saline water the lower the productivity of the still.

· H.Al-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 stills 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 rubber or black gravel materials within a single sloped solar still as a storage medium has examined by A.S.Nafey et al., (2001).

· M.Boukar and A.Harmim (2001) has studied the effect of desert climatic conditions on the performance of a simple basin solar still and a similar one coupled to a flat plate 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.

· Parametric investigation of a basin-type-multiple effect coupled solar still was performed by H.Tanaka et al., (2000). The productivity of the still of 13 partitions with 5 mm gaps and a 40( angle of the glass cover was four times more than the basin-type stills, and the still was more productive than the conventional multiple effect stills by about 40 per cent or more.

· Bilal A. 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.
CHAPTER III
MATERIALS AND METHODS

3.1 Introduction

Clean potable water is a basic necessity for man along with food and air. Fresh water is also required for agricultural and industrial purposes. Unfortunately with the passage of time, we are continuously losing fresh water reserves mainly due to anthropogenic activities. The higher growth rate in world population and industrial development resulted in a large escalation of demand for fresh water. So it is not only necessary to avail and preserve fresh water but also to develop an eco-friendly technology to get the distilled water from Saline/contaminated water. For Solar desalination, several types of Solar stills are evolved such as Pit Solar still, Box Solar still, Cone Solar still, Practical basin Solar still, Pyramid shaped Solar still, single slope solar still and single roofed solar still etc., Only the single slope solar still has been used effectively for many domestical purposes and results efficiently.
3.2 Design Details of Single Slope Solar Still

3.2.1 General Setup of the Still

A Single solar still of base 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 glass 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.

3.2.2 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 0.25 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 0.05 m and 0.10 m respectively.


3.2.3 Water Collection Segment
Water collection segment is placed at the end of the still for collecting the evaporated water and it is of dimension 0.85 m x 0.02 m x 0.015 m. 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 0.14 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.
3.2.4 Inlet to the Still


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

3.2.5 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. 

3.2.6 Top Glass Cover 

The top cover is made up of transparent glass sheet of 3mm thickness of transmittance 99%. A 15º slope is maintained for top cover from the rear side to the front side of the still. A 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.  

3.2.7 Fixing of Top Cover


Small pieces of steel strips are welded at the height of 0.005m from the top surface on the inner side of the still basin. Steel strips of dimension 0.01m x 0.01m are welded at various parts around the inner wall of the still basin so that the top glass 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. 

3.2.8 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 0.55 m to 0.30 m. Rubber Bushes are fixed at the base of the still for uniform landing in 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.
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Fig (3.1) Cross Sectional View of Single Slope Solar Still
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3.2.9 Insulation


The bottom of the basin is filled with sawdust up to a height of 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).

3.2.10 Latent Heat Thermal Energy Storage System
The Latent heat thermal energy storage system (LHTESS) used for the performance study was the pure chopped circular wax pieces of almost uniform size. The selected latent heat thermal energy storage system (Paraffin Wax) acts as the suitable PCM material. Latent heat storage uses a phase change material as a storage medium while undergoing phase change - freezing, melting, condensing, or boiling - a material absorbs or releases large amounts of heat with small changes in temperature. The Latent heat thermal energy storage system charge large heat during the melting process and discharge large heat during the freezing process, which takes place at some certain temperature or a narrow temperature range

 The Latent heat thermal energy storage system can store more amount of heat energy and increase the heat capacity of the basin. When LHTESS reach the temperature at which they change phase (their melting temperature) they absorb large amount of heat at an almost constant temperature. The LHTESS continues to absorb heat without a significant rise in temperature until all the material is transformed to the liquid phase. When the ambient temperature around a liquid material falls, the LHTESS solidifies, releasing its stored latent heat.

3.2.11 Temperature Controller
A temperature controller is an instrument used to control temperature. The temperature controller takes an input from a temperature sensor and has an output that is connected to a control such as heater or fan. A temperature control system relies upon a controller, which accepts a temperature sensor such as thermo couple or RTD as input. It compares the actual temperature to the desire control temperature, or set point, and provides an output to a control element. The controller is one part of the entire control system, and the whole system should be analyzed in selecting the proper controller. 

The following parts should be considered when selecting a controller,

1. Type of input sensor ( thermocouple, RTD) and temperature range

2. Type of output required (electro mechanical relay, SSR, analog output)

3. Control  algorithm needed (on / of, proportional, PID)

4. Number and type of outputs (heat, cool, alarm, limit)
 
Temperature controller is made using the circuit as shown in Fig (3.2). The thermal controller is kept inside the still .The inner area of the still is 0.75 x 0.75 and the outer area is 0.85 x 0.85.Here external temperature controller is connected in between the one side of the coil to control the temperature in it.

3.2.11.1 Construction of Temperature Controller

Temperature controller made up of 
· Temperature controller 

· Heater coil
· Thermocouple
Temperature controller has various plug-in from number 1 to number 20. Temperature Controller setting plug-in 1, 2, N1, C, N0, 12 and 13 are used. Temperature of the controller unit can be kept at any temperature by the using set key function (4 digit display), which has two buttons to increase and decrease the temperature. Connections from plug-in 2 and C are interconnected and used as one end of input power supply. Pug-in 1 is used as another end of power supply input. Also a connection is taken from Plug-in 1 and it is connected to one end of the coil. Plug-in N0 is connected to another end of coil. Plug-inn’s 12 and 13 are connected to thermocouples.  Heater coil is made up of stainless steel and is placed inside the solar still. Sensor thermocouple should be placed near to the heater coil. Schematic representation of Temperature Controller is shown in Fig (3.2).
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Fig (3.2) Temperature Controller

Since controller switch is connected to input power supply, when the fixed temperature is attained, the circuit collapses. As a result power supply is shut down. When the temperature falls below the set value, circuits is switched on and the current flows through the coil, hence it starts heating. 
3.3 Theory

3.3.1Working Principle of Solar Still

A solar still operates on the same principle as rain water; evaporation and condensation. The water from the ocean evaporates, only to cool, condense, and return to Earth as rain. When the water evaporates, it removes only pure water and leaves all contaminated behind. Solar stills mimic this natural process.

      Solar distillation is an attractive alternative because of its simple technology; non-requirement of highly skilled labour for maintenance work and low energy consumption. Solar distillers can be used to effectively remove many impurities ranging from salts to microorganisms and are even used to make drinking water from sea water, thus the end result is, water cleaner than the purest rain water.
                  Solar desalination plant is an airtight unit with a top cover of transparent material like glass sheet. Its working principle is described as follows and is shown in 

Fig (3.3)
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Fig (3.3) Working Principle of Single Slope Solar Still

     
The Solar radiation, after reflection and absorption by the glass cover is transmitted inside an enclosure of the distiller unit. This transmitted radiation [image: image16.png][z,1(8)]



 is further partially reflected [image: image18.png]R, 1(2)]



 and absorbed [image: image20.png][a, 1(t)]



 by the water mass. The attenuation of 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 the basin liner, most of the thermal energy is convected to water mass and a small quantity is lost to the atmosphere, by conduction. Consequently, the water gets heated, leading to          an increased difference of water and glass cover temperature. There are basically               three modes of heat transfer, radiation[image: image22.png]


, convection[image: image24.png]


and evaporation[image: image26.png]


from the water surface to the glass cover. The evaporated water gets condensed on the inner surface of 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 (3.4)
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Fig (3.4) Energy flow diagram in a conventional solar still

The fraction of solar flux, at different components of distiller unit can be mathematically expressed as,
Solar flux absorbed by the glass cover,

[image: image29.png]' =(1-R)a,



                          



     ………….. (1)                                                   
Solar flux reflected by the water mass

[image: image31.png]R, =(1-R,)(1—-a,)R,



  



     ………….. (2)   




                       

Solar flux absorbed by the water mass

[image: image33.png](1-a,)(1-R)a,



   



      ………….. (3)                                  
Solar flux absorbed by the basin liner

[image: image35.png]a'y, =a,(1-R,)(1—a,)(1—-R,I(1-R,)




               ………….. (4)
Solar flux lost to the ambient, through water and glass cover, will be,

           [image: image37.png](1-a)(1-R)(1-a,)1-RI(1-a,)



        
             ………….. (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,

[image: image39.png]= (1-Ry)(1—-a;)(1-RI[1- X u;exp(n;dw)]



    ………….. (6)
Solar flux absorbed by the basin liner,

[image: image41.png]= (1-Ry)(1—-a;)(1-RI[1- X u;exp(n;dw)]



     ………….. (7)
And the energy lost to the ambient, through water mass and glass cover will be,    

[image: image43.png](1-a)(1-R,)(1—a;)(1-RI[1— X u;exp(n;dw)]



  ………….. (8)        

The principle of solar still has proven to be highly effective in cleaning up water and supply to provide safe drinking water. The effectiveness of distillation for producing safe drinking water is well established and recognized. Most commercial stills and water purification systems require electrical or other fossil-fueled power sources. Solar distillation technology produces the  same safe quality  drinking water as other distillation technologies; only the energy source is different ; the sun. The solar distillation removes all salts as well as biological contaminants (for e.g.: Cryptosporidium, E.coli, etc.) 
3.3.2 Heat Distribution in a solar still

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

3.3.3 Heat Transfer

              The heat transfer in solar distillation systems can be classified in terms of external and internal modes. 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. 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. 
3.3.3.1 Internal Heat Transfer

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

a) Convection

         The convective heat transfer is conveniently considered in terms of dimensionless parameters namely Nusselt number[image: image45.png](Nw)



,Grashof number[image: image47.png](Gr)



, Prandtl number[image: image49.png](Pr)



and Reynolds[image: image51.png](Re)



.The expressions for these numbers are
         Nusselt number[image: image53.png](Nu) = h,,X/K



                                       ………….. (9)

            Grashof number [image: image55.png](Gr) = X?p*9BT fu*



                                             ………….. (10)

Prandtl number[image: image57.png](Pr) = cpu/K



                                                               ………….. (11)                                        Reynolds[image: image59.png](Re ) = pvX/u



                                                    ………….. (12)
Where, 

[image: image61.png]


 is the distance between the water surface and the surface of the Condenser[image: image63.png]



[image: image65.png]


 is the thermal conductivity of saturated air[image: image67.png](w/m*°C)




[image: image69.png]


 is the density of saturated air[image: image71.png](kg/m*)
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 is the acceleration due to gravity[image: image75.png](m/s?)




[image: image77.png]


 is the coefficient of volumetric expansion[image: image79.png](c™)




[image: image81.png]


 is the dynamic viscosity[image: image83.png](kg/m sec)
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 is the temperature[image: image87.png](°C)
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 is the specific heat[image: image91.png](J/kg/K)
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 is the fluid velocity[image: image95.png](m/sec)




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

          [image: image97.png](Nw) =c¢(G, P.)"



                                                            ………….. (13)                                                  
Substituting equations 9, 10, and in 11 in equation 13, we get
[image: image99.png]hoy /K = ¢ [(Z222) ()]



                                                      ………….. (14)
In the various range of values of[image: image101.png]Gr



, the values of C and n obtained are

For [image: image103.png](Gr) = 10°,n




 (Magnitude of convection is negligible)

For [image: image105.png]10* < G, >3.2x 10°,n=




 (Air flow is laminar)

For [image: image107.png]3.2x105 < G, > 107, n=

=0.075



 (Air flow is in the turbulent regime)

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) [image: image109.png]B 37K = 0,075 (22227 (<2)]

K



                                   ………….. (15)

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

[image: image111.png]hey (T, —Tg)




                                                                              ………….. 

(16)
Where, 
[image: image113.png]


   
………….. (17)
b) Evaporation
Dunkle (1961) connects convective and evaporation heat transfer coeffients as
[image: image115.png]Pw P,

hey =16273 X 10 hey




                                                           ………….. 

(18)                                                  
[image: image117.png]Qg =hgy (T, —T.)



                                                                              ………….. (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,

[image: image119.png]o[ (T, + 273)% + (T, + 273)%][T,, + T, + 546]



                                  ………….. (20)
[image: image121.png]Qpy = h (T, —T,)



                                                                                                                        ………….. (21)
Absolute values of the total energy transfer rate are obtained by the addition of the above three main equations. Each of the energy transfer mode can be expressed as a fraction of total energy transferred at given water surface and cover temperature.

3.3.3.2 External Heat Transfer
The external heat transfer modes are due to convection, radiation, and conduction.
a) Convection
The external Convention loss from glass cover to the outside atmosphere is,
[image: image123.png]


                                                                       ………….. (22)
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 is a function of wind velocity and is given by,

[image: image127.png]h,, =28+3.0V



                                                                                ………….. (23)
  b) Radiation
The external radiation loss from the glass cover to the atmosphere is given by,
[image: image129.png]


                                                   ………….. (24)
[image: image131.png]Tacy = (Tamp — 6)



 is the apparent sky temperature for long wave radiation.

[image: image133.png]


 is ≈0.85

The energy balance equation for the glass cover can be written as 
[image: image135.png]tTH, + g, + Qe + Qew — Q



0 (Dunkle’s equation)                           ………….. (25)                                                 
Here, q=hca (Tg-Tamb) +εσ [(Tg +273)4 – (Tsky+ 273)4]                                           ………….. (26)
c) Conduction:

External heat transfer due to conduction through the bas is found using the formula
[image: image137.png]


                                                                           ………….. (27)
Where, (1/hb) = (1/K) + (1/hl)

3.3.4 Saturated Vapour Pressure calculation Pw and Pg
The value of Pw and Pg can be obtained from the general expression
[image: image139.png]P(T) = exp[25.317 — (5144/T + 273)]



                                                ………….. (28)
3.3.5 Thermal Efficiency and Determination of Distillate Output

The thermal efficiency of the still is calculated using the formula
[image: image141.png]=(MXL)/(IXAXt)




                                                                          ………….. (29)
The hourly distillate from a distiller can be obtained as 
[image: image142.png]
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                                                                   ………….. (30)
Where,

[image: image146.png]


is the hourly distillate output
[image: image148.png]


is the heat loss due to evaporation

 L is the latent heat of vaporization

[image: image150.png]


is the evaporative heat loss coefficient
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 is the water temperature
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 is the glass cover temperature

3.4 The Experimental Study

The performance of the still has been studied on clear sunshine for a number of days during the period December to March, 2010-2011. The study was carried out with the single slope solar still with and without the LHTESS and thermal controller. The following observations are taken for analyzing the performance of a square trough solar still with single plain sloped top cover made of glass sheet. The observations carried out are measurement and distillate output measurement, including nocturnal output. These observations are made from 9a.m to 5p.m for every half an hour intervals on selected clear shinny days. To compute the nocturnal output,(from 7p.m to 6a.m) observations were carried out from 6a.m to 7p.m on selected three days with and without wax storage material and thermal controller..
3.4.1 Using Latent heat thermal energy storage system (Paraffin wax)
The Latent heat thermal energy storage system used was the uniformly chopped pure wax, spread on the Aluminium blackened box kept inside the single slope solar still. The blackened Aluminium box is made airtight by using different products such as glazing putty, Insulated cellophane tape, m-seal. The wax pieces were spread to a uniform thickness of 0.025 mm in the aluminium blackened box. The area of the aluminium blackened box is [image: image156.png]0.65 X 0.65



 and the weight is 24 gauge mild steel. Finally, by using the m-seal sealing the box was made airtight. The quantity of the wax inside was 800 grams. A unijunction k-type thermocouple was kept inside the Aluminium blackened box and taken out of the still for the measurement of wax temperature, connected to a digital multimeter. The observations results a good distillate output.

3.4.2 Using Temperature Controller


A thermal controller consists of a coil, unijunction k-type thermocouple, and digital temperature controller. The coil and the thermocouple were inserted inside the single slope solar still, to which a plugin connection was given. The coil was made fully immersed in water, and with a wooden balance it is made to stand without touching the basin of the solar still. The thermocouple and the coil were kept closer without touching each other. Water temperature can be varied by adjusting the input values of the temperature controller. Once if the fixed temperature is attained, circuit opens, hence the flow of current is prevented, which results in halt of heat produced in water. When the water temperature drops below the fixed temperature, circuit is switched on and it results in heating of water.

Thus temperature controller circuit switches on and off when the water temperature neutralizes or falls below the fixed temperature. As a results water temperature is maintained uniformly.

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

Ambient temperature was noted by placing the thermometer neat the solar still from 9 a.m. to 5 p.m., at an interval of half an hour. The temperatures of different places of the still were measured by placing the pre-calibrated thermocouples. Thermocouples were connected to the probes of digital multimeter with thermal display. To measure the temperature of water, thermocouple was immersed in water. 

Air temperature was noted by placing the thermocouples inside the still which does not touch the water surface. Absorbance of the basin was noted by fixing thermocouple which in contact with surface of the basin. By keeping the thermocouple at the top of glass cover, cover temperature was measured. All the temperature measurements are carried out for conventional energy. For electrical heated coil, water temperature only noted.
3.4.4 Total Solar Radiation Measurements

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

1 mV= 1000/12.64 Watt/m²

1 mV = 79.11 Watt/m².

3.5 Performance Evaluation

The single slope solar still was placed on the terrace of the Faculty of Science building of Avinashilingam Deemed University for Women, Coimbatore, facing south where the latitude is 11˚N and longitude is 79°59’E. The Still was evaluated for condensate output with and without Latent heat thermal energy storage material and thermal controller. The observation taken for analyzing the performance of single slope still are measurement of temperature profiles such as water temperature, absorbent temperature, cover temperature, inside air temperature, and ambient temperature, total insolation measurement, wind velocity and distillate water output measurement. Data of Thermal performances of the stills were observed in typical sunny and partially cloudy days. Evaluation also includes the computation of hourly thermal efficiency and daily average thermal efficiency. 

The still is also evaluated for physical and chemical analysis of the distillate to assess the quality and purity of water and also for economic analysis as desalination costs.
3.5.1 Distillate Water Output Measurement

The amount of distillate water collected from the single slope solar still measured using measuring jar in milliliters and recorded. The readings of single slope solar without LHTESS are presented in the table (3.1-3.10), The readings of single slope solar with LHTESS are presented in the table (3.11-3.20) and the readings of single slope solar coupled to a temperature controller are presented in the table         (3.21-3.35).

PLATE 1
EXPERIMENTAL SETUP OF THE SINGLE SLOPE SOLAR STILL
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PLATE 2
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EXPERIMENTAL SETUP OF THE SINGLE SLOPE SOLAR STILL COUPLED TO AN ELECTRICAL TEMPERATURE 
CONTROLLER

PLATE 3
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EXPERIMENTAL SETUP OF THE SINGLE SLOPE SOLAR 
STILL WITH LATENT HEAT THERMAL ENERGY 
STORAGE SYSTEM (PARAFFIN WAX)

Table (3.1) Performance study of a single slope solar still W/O latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.198 kg 

Day output from 9a.m- 5.30p.m is 1.929 kg










DATE: 15.12.2010
	         Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection  for each half an hour(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00a.m
	6.4
	506.304
	0.1
	25.8
	27
	28
	26
	26.5
	0
	2372000
	0

	9:30a.m
	7.7
	609.147
	0.4
	26.1
	29
	34
	26
	28.5
	0.009
	2372000
	 

	10:00a.m
	9.5
	751.545
	0.2
	27
	33
	43
	27
	29
	0.018
	2372000
	4.208219956

	10:30a.m
	10.2
	806.922
	0.6
	28.5
	40
	45
	33
	32
	0.038
	2372000
	 

	11:00a.m
	11.4
	901.854
	2.4
	29
	46
	48
	37
	35
	0.064
	2372000
	12.46879987

	11:30a.m
	11.9
	941.409
	0.2
	29.3
	48
	48
	41
	37.5
	0.089
	2372000
	 

	12:00p.m
	12.3
	973.053
	0.8
	30.5
	52
	54
	46
	39
	0.11
	2372000
	19.86264613

	12:30p.m
	12.5
	988.875
	1.4
	31
	55
	58
	52
	40.5
	0.126
	2372000
	 

	1:00p.m
	12.5
	988.875
	1.8
	32
	56
	61
	55
	42
	0.154
	2372000
	27.36278131

	1:30p.m
	11.7
	925.587
	0.2
	32.4
	56
	63
	58
	43
	0.179
	2372000
	 

	2:00p.m
	11.1
	878.121
	0.2
	33
	53
	60
	58
	45
	0.208
	2372000
	41.618832

	2:30p.m
	10.4
	822.744
	0.2
	32.9
	56
	60
	58
	42
	0.192
	2372000
	 

	3:00p.m
	8.4
	664.524
	1.2
	33.5
	54
	58
	57
	41.5
	0.172
	2372000
	45.47772095

	3:30p.m
	8.2
	648.702
	1
	34.2
	51
	57
	56
	40
	0.148
	2372000
	 

	4:00p.m
	6.2
	490.482
	0.2
	33.2
	47
	55
	54
	39
	0.133
	2372000
	47.64413902

	4:30p.m
	4.6
	363.906
	0.8
	32
	46
	51
	52
	38
	0.121
	2372000
	 

	5:00p.m
	3.5
	276.885
	0.3
	30
	43
	49
	50
	36
	0.096
	2372000
	60.91899365

	5:30p.m
	2.9
	229.419
	0
	29.3
	42
	47
	49
	34
	0.072
	2372000
	 


Average Insolation = 709.353, Average Efficiency = 32.445267
Table (3.2) Performance study of a single slope solar still W/O latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.140 kg

Day output from 9a.m- 5.30p.m is 1.725 kg









              DATE: 16.12.2010

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection  for each half an hour(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00a.m
	7
	553.77
	0.1
	25.8
	27
	28
	26
	26.5
	0.008
	2372000
	2.5382914

	9:30a.m
	8.2
	648.702
	0.4
	26.1
	29
	34
	26
	28.5
	0.012
	2372000
	 

	10:00a.m
	8.6
	680.346
	0.2
	27
	33
	43
	27
	29
	0.024
	2372000
	6.19815342

	10:30a.m
	9.2
	727.812
	0.6
	28.5
	40
	45
	33
	32
	0.035
	2372000
	 

	11:00a.m
	9.9
	783.189
	2.4
	29
	46
	48
	37
	35
	0.042
	2372000
	9.42244536

	11:30a.m
	10
	791.1
	0.2
	29.3
	48
	48
	41
	37.5
	0.051
	2372000
	 

	12:00p.m
	10.7
	846.477
	0.8
	30.5
	52
	54
	46
	39
	0.071
	2372000
	14.7375097

	12:30p.m
	11.2
	886.032
	1.4
	31
	55
	58
	52
	40.5
	0.094
	2372000
	 

	1:00p.m
	11.5
	909.765
	1.8
	32
	56
	61
	55
	42
	0.097
	2372000
	18.7336942

	1:30p.m
	12.1
	957.231
	0.2
	32.4
	56
	63
	58
	43
	0.105
	2372000
	 

	2:00p.m
	12.7
	1004.697
	0.2
	32.7
	56
	60
	58
	44
	0.121
	2372000
	21.1607561

	2:30p.m
	13
	1028.43
	0.2
	32.9
	56
	60
	58
	42
	0.154
	2372000
	 

	3:00p.m
	12.5
	988.875
	1.2
	33.5
	54
	58
	57
	41.5
	0.151
	2372000
	26.8297401

	3:30p.m
	12.1
	957.231
	1
	34.2
	51
	57
	56
	40
	0.21
	2372000
	 

	4:00p.m
	11.4
	901.854
	0.2
	33.2
	47
	55
	54
	39
	0.185
	2372000
	36.0426246

	4:30p.m
	8.3
	656.613
	0.8
	32
	46
	51
	52
	38
	0.162
	2372000
	 

	5:00p.m
	6.3
	498.393
	0.3
	30
	43
	49
	50
	36
	0.152
	2372000
	53.5861518

	5:30
	3.2
	253.152
	0
	29.3
	42
	47
	49
	34
	0.051
	2372000
	 


Average insolation = 781.8705, Average efficiency = 23.338884
Table (3.3) Performance study of a single slope solar still W/O latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.195 kg

Day output from 9a.m- 5.30p.m is 1.547 kg

DATE: 21.12.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection  for each half an hour(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00a.m
	6.5
	514.215
	0.1
	26.8
	26
	29
	27
	25
	0
	2372000
	0

	9:30a.m
	7.4
	585.414
	0.4
	27.1
	28
	31
	29
	28
	0.014
	2372000
	 

	10:00a.m
	8
	632.88
	0.2
	28
	31
	33
	32
	31
	0.025
	2372000
	6.94064055

	10:30a.m
	9.6
	759.456
	0.6
	28.2
	36
	35
	37
	32
	0.033
	2372000
	 

	11:00a.m
	10
	791.1
	2.4
	28.6
	42
	37
	43
	38
	0.062
	2372000
	13.7702309

	11:30a.m
	10.4
	822.744
	0.2
	29
	43
	41
	44
	39
	0.088
	2372000
	 

	12:00p.m
	11.5
	909.765
	0.8
	30.8
	47
	49
	47
	43
	0.112
	2372000
	21.6306572

	12:30p.m
	12.3
	973.053
	1.4
	31
	50
	47
	51
	45
	0.118
	2372000
	 

	1:00p.m
	13
	1028.43
	1.8
	31.8
	55
	52
	55
	48
	0.124
	2372000
	21.1849705

	1:30p.m
	12.9
	1020.519
	0.2
	31.6
	57
	54
	56
	52
	0.126
	2372000
	 

	2:00p.m
	11.5
	909.765
	0.2
	33
	53
	55
	58
	45
	0.134
	2372000
	25.8795362

	2:30p.m
	12
	949.32
	0.2
	34.2
	59
	55
	59
	49
	0.145
	2372000
	 

	3:00p.m
	10.4
	822.744
	1.2
	33.4
	58
	53
	60
	48
	0.124
	2372000
	26.4812132

	3:30p.m
	9.3
	735.723
	1
	33.1
	57
	52
	59
	45
	0.112
	2372000
	 

	4:00p.m
	7.6
	601.236
	0.2
	32.8
	55
	52
	57
	44
	0.098
	2372000
	28.6392747

	4:30p.m
	6.2
	490.482
	0.8
	32.1
	48
	50
	55
	43
	0.095
	2372000
	 

	5:00p.m
	5.9
	466.749
	0.3
	31.9
	45
	49
	49
	42
	0.075
	2372000
	28.2331141

	5:30p.m
	4.2
	332.262
	0
	31.1
	44
	49
	49
	41
	0.062
	2372000
	 


Average Insolation = 741.4365, Average Efficiency = 21.594955
Table (3.4) Performance study of a single slope solar still W/O latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.140 kg

Day output from 9a.m- 5.30p.m is 1.542 kg

  DATE: 22.12.2010

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection  for each half an hour(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00a.m
	6.6
	522.126
	0.1
	30.5
	28
	28
	26
	32
	0
	2372000
	0

	9:30a.m
	7.5
	593.325
	0.4
	31.2
	31
	34
	26
	36
	0.009
	2372000
	 

	10:00a.m
	9.4
	743.634
	0.2
	31.8
	32
	43
	27
	38
	0.021
	2372000
	4.961819629

	10:30a.m
	10.1
	799.011
	0.6
	32
	41
	45
	33
	39
	0.045
	2372000
	 

	11:00a.m
	11.3
	893.943
	2.4
	32.8
	45
	48
	37
	40
	0.052
	2372000
	13.95498702

	11:30a.m
	11.4
	980.964
	0.2
	33
	47
	48
	41
	41
	0.069
	2372000
	 

	12:00p.m
	12.2
	996.786
	0.8
	33.9
	51
	54
	46
	41
	0.074
	2372000
	26.79307591

	12:30p.m
	12.3
	1012.608
	1.4
	34
	54
	58
	52
	42
	0.089
	2372000
	 

	1:00p.m
	12.5
	988.875
	1.8
	34.7
	57
	61
	55
	43
	0.096
	2372000
	32.33783246

	1:30p.m
	11.5
	909.765
	0.2
	35
	58
	63
	58
	43
	0.11
	2372000
	 

	2:00p.m
	11
	870.21
	0.2
	35.4
	57
	60
	58
	47
	0.115
	2372000
	41.99718501

	2:30p.m
	10.8
	854.388
	0.2
	35.8
	56
	60
	58
	51
	0.126
	2372000
	 

	3:00p.m
	8.2
	648.702
	1.2
	35.2
	53
	58
	57
	43
	0.172
	2372000
	46.58693366

	3:30p.m
	7.9
	664.524
	1
	34
	51
	57
	56
	41
	0.156
	2372000
	 

	4:00p.m
	6.3
	498.393
	0.2
	33.2
	48
	55
	54
	38
	0.122
	2372000
	43.00993764

	4:30p.m
	4.8
	379.728
	0.8
	32
	47
	51
	52
	37
	0.115
	2372000
	 

	5:00p.m
	3.4
	268.974
	0.3
	30
	42
	49
	50
	35
	0.096
	2372000
	62.71072875

	5:30p.m
	2.8
	221.508
	0
	29.9
	41
	47
	49
	34
	0.071
	2372000
	 


Average Insolation = 703.2, Average Efficiency = 26.13996
Table (3.5) Performance study of a single slope solar still W/O latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.198 kg

Day output from 9a.m- 5.30p.m is 1.305 kg

DATE: 24.12.2010

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection  for each half an hour(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00a.m
	3.8
	300.618
	2.2
	26.8
	25
	25
	26
	26
	0
	2372000
	0

	9:30a.m
	4.2
	332.262
	0
	27.5
	27
	27
	28
	28
	0.012
	2372000
	 

	10:00a.m
	5.5
	435.105
	0.3
	28.1
	29
	29
	30
	29
	0.025
	2372000
	10.095477

	10:30a.m
	8.5
	672.435
	1.1
	28.9
	30
	30
	31
	32
	0.039
	2372000
	 

	11:00a.m
	9.6
	759.456
	0
	29
	34
	34
	35
	35
	0.062
	2372000
	14.34399

	11:30a.m
	9.9
	783.189
	1
	29.3
	36
	36
	37
	39
	0.085
	2372000
	 

	12:00p.m
	11.5
	909.765
	1.5
	30
	42
	42
	43
	42
	0.052
	2372000
	10.042805

	12:30p.m
	11.7
	925.587
	1.6
	31.7
	44
	44
	46
	45
	0.069
	2372000
	 

	1:00p.m
	12
	949.32
	1.3
	32.3
	47
	47
	46
	47
	0.095
	2372000
	17.582956

	1:30p.m
	12.1
	957.231
	0
	32.8
	51
	51
	57
	48
	0.101
	2372000
	 

	2:00p.m
	12.9
	1020.519
	0
	32.9
	52
	52
	53
	49
	0.115
	2372000
	19.799657

	2:30p.m
	10.2
	806.922
	0.5
	32.2
	54
	54
	56
	45
	0.117
	2372000
	 

	3:00p.m
	8.5
	672.435
	0.8
	31.7
	54
	54
	56
	43
	0.108
	2372000
	28.219828

	3:30p.m
	7.6
	601.236
	0.6
	31
	53
	53
	54
	40
	0.1
	2372000
	 

	4:00p.m
	7.4
	585.414
	3.4
	30.5
	49
	49
	49
	39
	0.098
	2372000
	29.413309

	4:30p.m
	6.3
	498.393
	3.8
	30.2
	46
	46
	49
	37
	0.085
	2372000
	 

	5:00p.m
	3.2
	253.152
	0
	29.5
	43
	43
	46
	35
	0.068
	2372000
	37.260281

	5:30p.m
	2
	158.22
	2.9
	28
	41
	41
	43
	32
	0.074
	2372000
	 


Average Insolation = 645.6255, Average Efficiency = 20.8447
Table (3.6) Performance study of a single slope solar still W/O latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.175 kg

Day output from 9a.m- 5.30p.m is 1.383 kg

DATE: 25.12.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection  for each half an hour(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00a.m
	6.5
	514.215
	2.1
	25.5
	29
	31
	30
	26
	0
	2372000
	0

	9:30a.m
	8.2
	648.702
	1.1
	27.9
	29
	33
	30
	28
	0.016
	2372000
	 

	10:00a.m
	8.9
	704.079
	1.5
	28.5
	33
	35
	34
	29
	0.025
	2372000
	6.23877802

	10:30a.m
	9.8
	775.278
	1
	28.9
	34
	37
	35
	29
	0.042
	2372000
	 

	11:00a.m
	10.8
	854.388
	2.6
	30
	34
	38
	36
	35
	0.055
	2372000
	11.3106735

	11:30a.m
	12.3
	973.053
	3.5
	30.4
	35
	38
	36
	38
	0.065
	2372000
	 

	12:00p.m
	13
	1028.43
	2.5
	30.9
	37
	39
	38
	45
	0.074
	2372000
	12.6426437

	12:30p.m
	13.4
	1060.074
	4.1
	31
	40
	43
	41
	49
	0.084
	2372000
	 

	1:00p.m
	13.9
	1099.629
	0
	32.6
	44
	46
	45
	50
	0.098
	2372000
	15.658884

	1:30p.m
	12.9
	1020.519
	0.9
	32.8
	46
	47
	46
	51
	0.112
	2372000
	 

	2:00p.m
	12.5
	988.875
	0.7
	32.8
	48
	47
	47
	52
	0.114
	2372000
	20.2555654

	2:30p.m
	10
	791.1
	4.8
	32.4
	49
	49
	50
	50
	0.116
	2372000
	 

	3:00p.m
	10.3
	814.833
	3.9
	30
	48
	51
	50
	49
	0.119
	2372000
	25.6601546

	3:30p.m
	9
	711.99
	0.3
	29.9
	46
	50
	49
	46
	0.117
	2372000
	 

	4:00p.m
	7.8
	617.058
	0.6
	29.6
	45
	49
	47
	42
	0.095
	2372000
	27.0507016

	4:30p.m
	4.3
	340.173
	1.1
	29.5
	43
	47
	46
	39
	0.094
	2372000
	 

	5:00p.m
	3.9
	308.529
	2.3
	28.6
	41.5
	44
	45
	35
	0.071
	2372000
	35.6767768

	5:30p.m
	2
	158.22
	0
	28.6
	40
	44
	43
	32
	0.087
	2372000
	 


Average Insolation = 744.9525, Average Efficiency = 19.311772
Table (3.7) Performance study of a single slope solar still W/O latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.105 kg

Day output from 9a.m- 5.30p.m is 1.547 kg

      DATE: 05.01.2010

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection  for each half an hour(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00a.m
	6.5
	514.215
	0.1
	26.8
	26
	29
	27
	25
	0
	2372000
	0

	9:30a.m
	7.4
	585.414
	0.4
	27.1
	28
	32
	29
	28
	0.014
	2372000
	 

	10:00a.m
	8
	632.88
	0.2
	28
	31
	35
	32
	31
	0.025
	2372000
	6.940640552

	10:30a.m
	9.6
	759.456
	0.6
	28.2
	36
	39
	37
	33
	0.033
	2372000
	 

	11:00a.m
	10
	791.1
	2.4
	28.6
	42
	43
	43
	37
	0.062
	2372000
	13.77023086

	11:30a.m
	10.4
	822.744
	0.2
	29
	43
	46
	44
	39
	0.088
	2372000
	 

	12:00p.m
	11.5
	909.765
	0.8
	30.8
	47
	52
	47
	42
	0.112
	2372000
	21.63065716

	12:30p.m
	12.3
	973.053
	1.4
	31
	50
	53
	51
	44
	0.118
	2372000
	 

	1:00p.m
	13
	1028.43
	1.8
	31.8
	55
	57
	55
	47
	0.124
	2372000
	21.18497055

	1:30p.m
	12.9
	1020.519
	0.2
	31.6
	57
	59
	56
	50
	0.126
	2372000
	 

	2:00p.m
	11.5
	909.765
	0.2
	33
	53
	60
	58
	51
	0.134
	2372000
	25.87953625

	2:30p.m
	12
	949.32
	0.2
	34.2
	59
	60
	59
	49
	0.145
	2372000
	 

	3:00p.m
	10.4
	822.744
	1.2
	33.4
	58
	57
	60
	47
	0.124
	2372000
	26.48121318

	3:30p.m
	9.3
	735.723
	1
	33.1
	56
	54
	59
	45
	0.112
	2372000
	 

	4:00p.m
	7.6
	601.236
	0.2
	32.8
	53
	51
	57
	43
	0.098
	2372000
	28.6392747

	4:30p.m
	6.2
	490.482
	0.8
	32.1
	48
	50
	55
	40
	0.095
	2372000
	 

	5:00p.m
	5.9
	466.749
	0.3
	31.9
	45
	48
	49
	39
	0.075
	2372000
	28.23311411

	5:30p.m
	4.2
	332.262
	0
	31.1
	42
	46
	49
	37
	0.062
	2372000
	 


Average Insolation = 741.4365, Average Efficiency = 21.59495467       
Table (3.8) Performance study of a single slope solar still W/O latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.125kg

Day output from 9a.m- 5.30p.m is 1.658 kg

  DATE: 06.01.2010

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection  for each half an hour(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00a.m
	6.6
	522.126
	0.1
	25.7
	25
	28
	25
	26
	0
	2372000
	0

	9:30a.m
	7.5
	593.325
	0.4
	26
	28
	33
	27
	27
	0.014
	2372000
	 

	10:00a.m
	9.7
	767.367
	0.6
	28
	31
	39
	30
	32
	0.026
	2372000
	5.953209216

	10:30a.m
	11.4
	901.854
	0
	29.5
	37
	44
	36
	37
	0.049
	2372000
	 

	11:00a.m
	12.4
	980.964
	0.2
	30.5
	46
	49
	45
	42
	0.066
	2372000
	11.8214781

	11:30a.m
	12.6
	996.786
	0.6
	32
	49
	55
	48
	44
	0.089
	2372000
	 

	12:00p.m
	12.7
	1004.697
	0.4
	32.8
	55
	59
	54
	48
	0.126
	2372000
	22.03516748

	12:30p.m
	12.8
	1012.608
	0.8
	33
	58
	61
	58
	51
	0.145
	2372000
	 

	1:00p.m
	13
	1028.43
	0.4
	33.5
	60
	63
	60
	52
	0.147
	2372000
	25.11444089

	1:30p.m
	13.1
	1036.341
	0.8
	35
	63
	64
	64
	54
	0.152
	2372000
	 

	2:00p.m
	12.6
	996.786
	0.9
	33.5
	64
	64
	64
	55
	0.145
	2372000
	25.55918426

	2:30p.m
	11.9
	941.409
	1.4
	34.5
	64
	61
	64
	55
	0.125
	2372000
	 

	3:00p.m
	10.9
	862.299
	1.8
	34.4
	63
	57
	64
	53
	0.122
	2372000
	24.85895478

	3:30p.m
	9.8
	775.278
	2.2
	34.2
	60
	64
	60
	52
	0.114
	2372000
	 

	4:00p.m
	7.9
	624.969
	1.6
	34.3
	58
	60
	58
	49
	0.092
	2372000
	25.86486808

	4:30p.m
	6.3
	498.393
	0.8
	34.1
	55
	54
	55
	45
	0.096
	2372000
	 

	5:00p.m
	4.9
	387.639
	1.2
	33.8
	52
	50
	52
	43
	0.087
	2372000
	39.43416999

	5:30p.m
	0.6
	47.466
	0.2
	31.3
	47
	43
	48
	36
	0.063
	2372000
	 


Average Insolation = 776.5965, Average Efficiency = 22.5801841
Table (3.9) Performance study of a single slope solar still W/O latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.165kg

Day output from 9a.m- 5.30p.m is 1.32 kg

DATE: 07.01.2010

	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection  for each half an hour(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00a.m
	7.8
	617.058
	0.1
	32.5
	27
	28
	27
	32
	0.011
	2372000
	3.132186506

	9:30a.m
	8.4
	664.524
	0.4
	32.7
	29
	31
	30
	36
	0.018
	2372000
	 

	10:00a.m
	9.2
	727.812
	0.2
	33.2
	32
	35
	33.5
	40
	0.022
	2372000
	5.311098857

	10:30a.m
	9.7
	767.367
	0.6
	33.5
	36
	39
	38
	42
	0.039
	2372000
	 

	11:00a.m
	10.3
	814.833
	2.4
	34.1
	40
	43
	41
	46
	0.058
	2372000
	12.50662997

	11:30a.m
	10.6
	838.566
	0.2
	34.6
	45
	48
	46
	47
	0.065
	2372000
	 

	12:00p.m
	11.5
	909.765
	0.8
	34.9
	49
	54
	50
	49
	0.074
	2372000
	14.2916842

	12:30p.m
	12.3
	973.053
	1.4
	35.3
	52
	58
	51
	49
	0.084
	2372000
	 

	1:00p.m
	12.7
	1004.697
	1.8
	35.8
	54
	60
	53
	50
	0.095
	2372000
	16.61381675

	1:30p.m
	12.9
	1020.519
	0.2
	35.9
	56
	62
	55
	47
	0.115
	2372000
	 

	2:00p.m
	11.6
	917.676
	0.2
	35.3
	55
	62
	55
	45
	0.117
	2372000
	22.40151571

	2:30p.m
	11.3
	893.943
	0.2
	35
	54
	61
	54
	41
	0.114
	2372000
	 

	3:00p.m
	10.7
	846.477
	1.2
	34.4
	51
	61
	52
	39
	0.119
	2372000
	24.70089647

	3:30p.m
	9.4
	743.634
	1
	34.1
	49
	60
	49
	38
	0.098
	2372000
	 

	4:00p.m
	8.4
	664.524
	0.2
	33.5
	46
	58
	46
	36
	0.085
	2372000
	22.47445512

	4:30p.m
	6.4
	506.304
	0.8
	32.7
	44
	56
	45
	34
	0.087
	2372000
	 

	5:00p.m
	3.3
	261.063
	0.3
	32
	44
	54
	45
	32
	0.074
	2372000
	39.31922686

	5:30p.m
	0.7
	55.377
	0
	31
	42
	50
	43
	30
	0.045
	2372000
	 


Average Insolation = 734.844, Average Efficiency = 20.093939
Table (3.10) Performance study of a single slope solar still W/O latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.176kg

Day output from 9a.m- 5.30p.m is 1.441 kg

DATE: 12.01.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (m/sec2)
	Temperature (  ͦC)
	Water Collection  for each half an hour(kg)
	Latent Heat (J/kg)
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Top Cover
	
	
	

	9:00a.m
	7.2
	569.592
	0.1
	29.2
	27
	27
	27
	31
	0
	2372000
	0

	9:30a.m
	8.5
	672.435
	0.4
	30.2
	28
	31
	28
	35
	0.008
	2372000
	 

	10:00a.m
	9.4
	743.634
	0.2
	31.5
	31
	36
	30
	39
	0.018
	2372000
	4.252988253

	10:30a.m
	10.6
	838.566
	0.6
	32.1
	33
	42
	33
	41
	0.038
	2372000
	 

	11:00a.m
	11.4
	901.854
	2.4
	33
	37
	49
	38
	45
	0.064
	2372000
	12.46879987

	11:30a.m
	12.2
	965.142
	0.2
	33.8
	41
	53
	41
	45
	0.089
	2372000
	 

	12:00p.m
	12.5
	988.875
	0.8
	34
	51
	55
	53
	48
	0.095
	2372000
	16.87963782

	12:30p.m
	12.9
	1020.519
	1.4
	34.5
	53
	57
	55
	49
	0.099
	2372000
	 

	1:00p.m
	12.5
	988.875
	1.8
	35.9
	55
	57
	55
	49
	0.105
	2372000
	18.6564418

	1:30p.m
	13
	1028.43
	0.2
	35.9
	56
	59
	56
	47
	0.109
	2372000
	 

	2:00p.m
	12.4
	980.964
	0.2
	36
	56
	60
	56
	43
	0.112
	2372000
	20.06069011

	2:30p.m
	11.3
	893.943
	0.2
	36.1
	55
	63
	54
	41
	0.115
	2372000
	 

	3:00p.m
	10.6
	838.566
	1.2
	36.1
	54
	60
	53
	39
	0.119
	2372000
	24.93392379

	3:30p.m
	6.9
	545.859
	1
	36
	54
	55
	52
	37
	0.12
	2372000
	 

	4:00p.m
	6.2
	490.482
	0.2
	35.9
	53
	53
	51
	36
	0.125
	2372000
	44.77832614

	4:30p.m
	5.5
	435.105
	0.8
	35.7
	50
	51
	48
	34
	0.111
	2372000
	 

	5:00p.m
	3.2
	253.152
	0.3
	34.1
	47
	50
	46
	31
	0.069
	2372000
	47.89041981

	5:30p.m
	2.1
	166.131
	0
	33.7
	45
	49
	45
	29
	0.045
	2372000
	 


Average Insolation = 740.118, Average Efficiency = 23.740153
Table (3.11) Performance study of a single slope solar still with latent heat thermal energy storage system
Nocturnal output from 6.30p.m to 6.30a.m is 0.790 kg

Day output from 9a.m- 5.30p.m is 2.324 kg

   DATE: 18.01.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (knots)
	Temperature    ( °C)
	Water Collection  for each half an hour(kg)
	Latent Heat
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7.7
	609.147
	0.6
	23.1
	29
	41
	40
	30
	38
	0
	2372000
	0

	9:30a.m
	8.4
	664.524
	1
	23.8
	31
	45
	41
	33
	41
	0.012
	2372000
	 

	10:00a.m
	8.6
	680.346
	3.2
	24.4
	35
	47
	43
	37
	44
	0.025
	2372000
	6.4564098

	10:30a.m
	9.4
	743.634
	0
	24.8
	41
	52
	49
	41
	48
	0.048
	2372000
	 

	11:00a.m
	9.9
	783.189
	0
	25.3
	46
	55
	53
	45
	50
	0.075
	2372000
	16.825795

	11:30a.m
	10.1
	799.011
	1.4
	25.7
	50
	58
	57
	48
	52
	0.109
	2372000
	 

	12:00p.m
	10.7
	846.477
	2
	28
	54
	59
	57
	51
	55
	0.14
	2372000
	29.059878

	12:30p.m
	11
	870.21
	1
	30.1
	57
	60
	60
	55
	57
	0.162
	2372000
	 

	1:00p.m
	11.5
	909.765
	0
	31.2
	59
	62
	64
	59
	57
	0.193
	2372000
	37.274257

	1:30p.m
	12.1
	957.231
	0
	32.4
	60
	65
	65
	65
	59
	0.212
	2372000
	 

	2:00p.m
	12.5
	988.875
	3.1
	33
	61
	66
	65
	69
	61
	0.248
	2372000
	44.064739

	2:30p.m
	13
	1028.43
	2.5
	33.6
	58
	68
	67
	72
	63
	0.262
	2372000
	 

	3:00p.m
	12.7
	1004.697
	1.1
	33
	56
	64
	64
	75
	60
	0.232
	2372000
	40.572689

	3:30p.m
	12.1
	957.231
	0
	33
	53
	61
	62
	71
	57
	0.21
	2372000
	 

	4:00p.m
	11.5
	909.765
	1.5
	32.5
	50
	58
	60
	66
	56
	0.189
	2372000
	36.501734

	4:30p.m
	8.4
	664.524
	1.9
	32.1
	48
	53
	58
	64
	54
	0.162
	2372000
	 

	5:00p.m
	6.3
	498.393
	2.9
	31.8
	46
	53
	54
	58
	52
	0.132
	2372000
	46.535342

	5:30p.m
	3.1
	245.241
	0.3
	31
	45
	50
	53
	54
	50
	0.106
	2372000
	 


Average Insolation = 786.705, Average Efficiency = 14.53509207
Table (3.12) Performance study of a single slope solar still with latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.890kg

Day output from 9a.m- 5.30p.m is 2.517 kg

DATE: 19.01.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (knots)
	Temperature    ( ͦ C)
	Water Collection  for each half an hour(kg)
	Latent Heat
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7
	553.77
	0.6
	27
	29
	41
	40
	30
	27.5
	0
	2372000
	0

	9:30a.m
	8.4
	664.524
	1
	28.8
	31
	45
	41
	33
	29
	0.012
	2372000
	 

	10:00a.m
	8.6
	680.346
	3.2
	29.4
	35
	47
	43
	37
	30.5
	0.025
	2372000
	4.30427321

	10:30a.m
	9.4
	743.634
	0
	30.8
	41
	52
	49
	41
	32
	0.048
	2372000
	 

	11:00a.m
	9.9
	783.189
	0
	31.3
	46
	55
	53
	45
	34.5
	0.075
	2372000
	11.2171969

	11:30a.m
	10.1
	799.011
	1.4
	32.7
	50
	58
	57
	48
	36.5
	0.109
	2372000
	 

	12:00p.m
	10.7
	846.477
	2
	33
	54
	59
	57
	51
	39
	0.14
	2372000
	19.3732521

	12:30p.m
	11
	870.21
	1
	33.6
	57
	60
	60
	55
	41
	0.162
	2372000
	 

	1:00p.m
	11.5
	909.765
	0
	34.2
	59
	62
	64
	59
	42.5
	0.193
	2372000
	24.849505

	1:30p.m
	12.1
	957.231
	0
	34
	60
	65
	65
	65
	43
	0.212
	2372000
	 

	2:00p.m
	12.5
	988.875
	3.1
	33
	61
	66
	65
	69
	44
	0.248
	2372000
	24.9423049

	2:30p.m
	13
	1028.43
	2.5
	33.6
	58
	68
	67
	72
	42.5
	0.262
	2372000
	 

	3:00p.m
	12.7
	1004.697
	1.1
	33
	56
	64
	64
	75
	41
	0.232
	2372000
	22.9656732

	3:30p.m
	12.1
	957.231
	0
	33
	53
	61
	62
	71
	39.5
	0.21
	2372000
	 

	4:00p.m
	11.5
	909.765
	1.5
	32.5
	50
	58
	60
	66
	38
	0.189
	2372000
	19.7662819

	4:30p.m
	8.4
	664.524
	1.9
	32.1
	48
	53
	58
	64
	37.5
	0.162
	2372000
	 

	5:00p.m
	6.3
	498.393
	2.9
	31.8
	46
	53
	54
	58
	36
	0.132
	2372000
	26.3407598

	5:30p.m
	3.1
	245.241
	0.3
	31
	45
	50
	53
	54
	34.5
	0.106
	2372000
	 


Average Insolation = 783.6285, Average Efficiency = 19.219906
Table (3.13) Performance study of a single slope solar still with latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.795kg

Day output from 9a.m- 5.30p.m is 2.502 kg

DATE: 20.01.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (knots)
	Temperature    ( ͦ C)
	Water Collection  for each half an hour(kg)
	Latent Heat
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7.4
	585.414
	0.2
	27
	29
	29
	40
	30
	27.5
	0
	2372000
	0

	9:30a.m
	8.2
	648.702
	0
	28.8
	31
	32
	41
	33
	29
	0.012
	2372000
	 

	10:00a.m
	8.3
	656.613
	1.2
	29.4
	35
	37
	43
	37
	30.5
	0.03
	2372000
	5.351819221

	10:30a.m
	9.2
	727.812
	3.6
	30.8
	41
	46
	49
	41
	32
	0.048
	2372000
	 

	11:00a.m
	9.8
	775.278
	3.3
	31.3
	46
	55
	53
	45
	34.5
	0.075
	2372000
	11.33165804

	11:30a.m
	10.1
	799.011
	2.3
	32.7
	50
	58
	57
	48
	36.5
	0.109
	2372000
	 

	12:00p.m
	10.7
	846.477
	1.8
	33
	54
	59
	57
	51
	39
	0.19
	2372000
	26.29227075

	12:30p.m
	11
	870.21
	1.5
	33.6
	57
	60
	60
	55
	41
	0.162
	2372000
	 

	1:00p.m
	11.5
	909.765
	0
	34.2
	59
	62
	64
	59
	42.5
	0.193
	2372000
	24.84950496

	1:30p.m
	12.1
	957.231
	0
	34
	60
	65
	65
	65
	43
	0.215
	2372000
	 

	2:00p.m
	12.5
	988.875
	0.8
	33
	61
	66
	65
	69
	44
	0.248
	2372000
	27.88907515

	2:30p.m
	12
	949.32
	0.7
	33.6
	58
	64
	67
	72
	42.5
	0.262
	2372000
	 

	3:00p.m
	10.5
	830.655
	3.8
	33
	56
	61
	64
	75
	41
	0.245
	2372000
	29.33402799

	3:30p.m
	9.5
	751.545
	2.5
	33
	53
	59
	62
	71
	39.5
	0.21
	2372000
	 

	4:00p.m
	8.7
	688.257
	3
	32.5
	50
	56
	60
	66
	38
	0.189
	2372000
	32.16627897

	4:30p.m
	7.5
	593.325
	1.1
	32.1
	48
	53
	58
	64
	37.5
	0.154
	2372000
	 

	5:00p.m
	2.5
	197.775
	0
	31.8
	46
	51
	54
	58
	36
	0.105
	2372000
	36.3437178

	5:30p.m
	2.1
	166.131
	0
	31
	45
	49
	53
	54
	34.5
	0.055
	2372000
	 


Average Insolation = 719.022, Average Efficiency = 24.194794
Table (3.14) Performance study of a single slope solar still with latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.830kg

Day output from 9a.m- 5.30p.m is 2.485 kg

DATE: 21.01.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (knots)
	Temperature    ( ͦ C)
	Water Collection  for each half an hour(kg)
	Latent Heat
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7.3
	577.503
	0.2
	29.6
	28
	36
	28
	24
	30
	0
	2372000
	0

	9:30a.m
	8.2
	648.702
	0
	29.9
	29.5
	39
	30
	25
	31
	0.015
	2372000
	 

	10:00a.m
	8.4
	664.524
	1.2
	30.5
	31
	44
	31
	28
	33
	0.032
	2372000
	5.64064756

	10:30a.m
	9.2
	727.812
	3.6
	31.9
	34
	49
	34
	32
	34.5
	0.044
	2372000
	 

	11:00a.m
	9.5
	751.545
	3.3
	32.5
	36.5
	52
	37
	36
	37
	0.065
	2372000
	10.1308999

	11:30a.m
	9.9
	783.189
	2.3
	33.6
	42
	52
	41
	40
	40.5
	0.109
	2372000
	 

	12:00p.m
	10.5
	830.655
	1.8
	33.8
	49
	54
	47
	42
	43
	0.165
	2372000
	23.2676712

	12:30p.m
	10.8
	854.388
	1.5
	34
	54
	54
	53
	48
	41.5
	0.189
	2372000
	 

	1:00p.m
	11.3
	893.943
	0
	34.2
	59
	55
	57
	51
	43
	0.193
	2372000
	25.2893192

	1:30p.m
	11.8
	933.498
	0
	34.8
	60
	56
	62
	54
	45
	0.215
	2372000
	 

	2:00p.m
	12
	949.32
	0.8
	35
	62
	57
	64
	56
	46
	0.244
	2372000
	30.1069564

	2:30p.m
	11.4
	901.854
	0.7
	35.6
	60
	58
	60
	56
	44
	0.271
	2372000
	 

	3:00p.m
	10.8
	854.388
	3.8
	35.8
	58
	57
	57
	59
	42.5
	0.232
	2372000
	31.8069849

	3:30p.m
	10.5
	830.655
	2.5
	33
	55
	53
	53
	57
	40
	0.21
	2372000
	 

	4:00p.m
	9.7
	767.367
	3
	33.2
	52
	52
	50
	54
	38.5
	0.155
	2372000
	23.6601905

	4:30p.m
	7.8
	617.058
	1.1
	31
	50.5
	50
	48
	52
	36
	0.163
	2372000
	 

	5:00p.m
	5.2
	411.372
	0
	30.9
	48
	50
	47
	51
	34
	0.131
	2372000
	37.3014938

	5:30p.m
	2.3
	181.953
	0
	29.9
	46
	49
	45
	50
	32
	0.052
	2372000
	 


Average Insolation = 732.207, Average Efficiency = 23.4005204

Table (3.15) Performance study of a single slope solar still with latent heat thermal energy storage system
Nocturnal output from 6.30p.m to 6.30a.m is 0.820kg

Day output from 9a.m- 5.30p.m is 2.535 kg

DATE: 22.01.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (knots)
	Temperature    ( ͦ C)
	Water Collection  for each half an hour(kg)
	Latent Heat
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	6.7
	530.037
	0.6
	25.5
	27.5
	31
	26
	30
	27
	0
	2372000
	0

	9:30a.m
	8.5
	672.435
	1
	30
	29
	46
	27
	32
	28.5
	0.015
	2372000
	 

	10:00a.m
	9.7
	767.367
	3.2
	30
	31
	47
	29
	36
	31
	0.022
	2372000
	3.358220583

	10:30a.m
	10.6
	838.566
	0
	29.1
	35
	48
	31
	42
	34
	0.044
	2372000
	 

	11:00a.m
	12.1
	957.231
	0
	30.5
	40
	49
	36
	45
	37
	0.065
	2372000
	7.954012313

	11:30a.m
	12.9
	1020.519
	1.4
	31
	43
	52
	40
	52
	38
	0.106
	2372000
	 

	12:00p.m
	13
	1028.43
	2
	30.8
	47
	57
	48
	55
	41
	0.144
	2372000
	16.40126752

	12:30p.m
	13.3
	1052.163
	1
	31.2
	50
	58
	49
	56
	43.5
	0.152
	2372000
	 

	1:00p.m
	13.4
	1060.074
	0
	32.5
	54.5
	58
	52
	57
	46
	0.189
	2372000
	20.88407665

	1:30p.m
	12.5
	988.875
	0
	32.5
	60
	59
	54
	59
	47
	0.216
	2372000
	 

	2:00p.m
	12
	949.32
	3.1
	33.4
	61.5
	61
	56
	65
	47.5
	0.248
	2372000
	25.98156765

	2:30p.m
	10.3
	814.833
	2.5
	33.2
	60
	60
	57
	67
	46
	0.256
	2372000
	 

	3:00p.m
	9
	711.99
	1.1
	33
	57.5
	59
	57
	67
	44
	0.232
	2372000
	32.40711664

	3:30p.m
	7.8
	617.058
	0
	32.8
	54
	59
	57
	65
	41.5
	0.236
	2372000
	 

	4:00p.m
	6.2
	490.482
	1.5
	32.8
	51
	54
	56
	62
	39
	0.196
	2372000
	34.53069609

	4:30p.m
	5.3
	419.283
	1.9
	31.9
	49.5
	51
	53
	55
	37.5
	0.169
	2372000
	 

	5:00p.m
	4.5
	355.995
	2.9
	31.2
	48
	50
	52
	55
	36
	0.15
	2372000
	34.01232736

	5:30p.m
	2.7
	213.597
	0.3
	29.8
	46
	47
	47
	54
	35
	0.095
	2372000
	 


Average Insolation = 749.3475, Average Efficiency = 21.9411606
Table (3.16) Performance study of a single slope solar still with latent heat thermal energy storage system
        Nocturnal output from 6.30p.m to 6.30a.m is 0.750kg

        Day output from 9a.m- 5.30p.m is 2.402 kg                            







      DATE: 23.01.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (knots)
	Temperature    ( ͦ C)
	Water Collection  for each half an hour(kg)
	Latent Heat
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	6.4
	506.304
	0.6
	26
	26
	28
	27
	27
	25
	0
	2372000
	0

	9:30a.m
	7.7
	609.147
	1
	67.6
	28
	29
	29
	28.5
	28
	0.014
	2372000
	

	10:00a.m
	9.5
	751.545
	3.2
	28.6
	30.5
	31
	32.5
	30.5
	31
	0.022
	2372000
	3.428919964

	10:30a.m
	10.2
	806.922
	0
	30.5
	33
	33
	36
	34
	33
	0.045
	2372000
	

	11:00a.m
	11.4
	901.854
	0
	31
	37
	35
	40
	37
	37
	0.062
	2372000
	8.052766582

	11:30a.m
	11.9
	941.409
	1.4
	31.4
	42.5
	36
	43.5
	42
	39
	0.105
	2372000
	

	12:00p.m
	12.3
	973.053
	2
	32.5
	46
	42
	47
	47
	42
	0.125
	2372000
	15.04745919

	12:30p.m
	12.5
	988.875
	1
	32.9
	50.5
	44
	51
	51
	43.5
	0.156
	2372000
	

	1:00p.m
	12.5
	988.875
	0
	33
	54
	49
	56
	56
	46
	0.186
	2372000
	22.03236937

	1:30p.m
	11.7
	925.587
	0
	33.5
	60
	51
	62
	60.5
	46.5
	0.195
	2372000
	

	2:00p.m
	11.1
	878.121
	3.1
	32.5
	62.5
	52
	65
	63
	44
	0.226
	2372000
	30.14697446

	2:30p.m
	10.4
	822.744
	2.5
	32
	61
	53
	62
	65.5
	42.5
	0.262
	2372000
	

	3:00p.m
	8.4
	664.524
	1.1
	31.2
	57.5
	54
	59.5
	64
	41
	0.222
	2372000
	33.38907205

	3:30p.m
	8.2
	648.702
	0
	30.5
	54
	52
	56.5
	61.5
	39
	0.219
	2372000
	

	4:00p.m
	4.2
	332.262
	1.5
	30.2
	51
	50
	52.5
	58
	38.5
	0.179
	2372000
	36.87939618

	4:30p.m
	3.9
	308.529
	1.9
	30.1
	48.5
	48.5
	51
	55.5
	36
	0.163
	2372000
	

	5:00p.m
	3.1
	245.241
	2.9
	29.8
	46
	46
	49
	54
	33
	0.125
	2372000
	38.93767491

	5:30p.m
	1.4
	110.754
	0.3
	29.5
	43.5
	45
	48
	52
	31
	0.096
	2372000
	


      Average Insolation = 689.136, Average Efficiency = 23.489329
Table (3.17) Performance study of a single slope solar still with latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.710kg

Day output from 9a.m- 5.30p.m is 2.504 kg

DATE: 24.01.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (knots)
	Temperature    ( ͦ C)
	Water Collection  for each half an hour(kg)
	Latent Heat
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	7.2
	569.592
	0
	26
	25
	39
	25
	20
	29
	0
	2372000
	0

	9:30a.m
	7.6
	601.236
	0
	26.3
	27
	40
	26
	25
	30
	0.019
	2372000
	 

	10:00a.m
	8.9
	704.079
	0
	28.5
	30
	43
	30
	27
	33
	0.029
	2372000
	4.824655005

	10:30a.m
	9.2
	727.812
	0.2
	30
	37
	49
	37
	30
	34.5
	0.039
	2372000
	 

	11:00a.m
	9.8
	775.278
	0.8
	30.1
	40
	50
	41
	33
	36
	0.065
	2372000
	9.820770305

	11:30a.m
	11.3
	893.943
	2.4
	32.2
	44
	52
	44
	36
	39
	0.11
	2372000
	 

	12:00p.m
	11.4
	901.854
	0.7
	32.5
	50
	57
	51
	39
	41.5
	0.145
	2372000
	18.83308314

	12:30p.m
	12
	949.32
	0
	32.9
	54
	63
	54
	44
	42
	0.165
	2372000
	 

	1:00p.m
	12.4
	980.964
	0
	33.3
	56
	63
	57
	50
	43.5
	0.196
	2372000
	23.40413846

	1:30p.m
	12.9
	1020.519
	0.2
	33.9
	58
	64
	59
	54
	44
	0.221
	2372000
	 

	2:00p.m
	10.2
	806.922
	0.8
	34.4
	59
	62
	59
	55
	43.5
	0.241
	2372000
	29.70378465

	2:30p.m
	8.7
	688.257
	0.4
	32.5
	58
	61
	58
	57
	42
	0.263
	2372000
	 

	3:00p.m
	7.8
	617.058
	0.6
	34.5
	56.5
	59
	56
	57
	40.5
	0.231
	2372000
	32.19049753

	3:30p.m
	7.7
	609.147
	0
	34.5
	53
	58
	53
	56
	39
	0.215
	2372000
	 

	4:00p.m
	6.6
	522.126
	1.1
	33.8
	51
	56
	52
	54
	37.5
	0.172
	2372000
	32.76268062

	4:30p.m
	4.7
	371.817
	0.8
	33.8
	48
	52
	50
	53
	35
	0.165
	2372000
	 

	5:00p.m
	2.9
	229.419
	1.4
	31
	46.5
	48
	47
	50
	33
	0.122
	2372000
	37.72169526

	5:30p.m
	2.1
	166.131
	0.2
	29.8
	44
	45
	43
	48
	32
	0.106
	2372000
	 


Average Insolation = 674.193, Average Efficiency = 23.65766312
Table (3.18) Performance study of a single slope solar still with latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.820kg

Day output from 9a.m- 5.30p.m is 2.672 kg

DATE: 25.01.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (knots)
	Temperature    ( ͦ C)
	Water Collection  for each half an hour(kg)
	Latent Heat
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	6.7
	530.037
	0
	26.8
	27
	27
	28
	30
	27.5
	0
	2372000
	0

	9:30a.m
	7.2
	569.592
	0.4
	27.2
	28.5
	29
	34
	32
	28
	0.015
	2372000
	 

	10:00a.m
	8.1
	640.791
	0.1
	28.1
	31
	31
	37
	36
	30.5
	0.032
	2372000
	5.849560432

	10:30a.m
	9.8
	775.278
	1.1
	28.3
	35
	37
	38
	40.5
	32
	0.075
	2372000
	 

	11:00a.m
	10.4
	822.744
	0.2
	29
	39
	42
	40
	44
	34.5
	0.095
	2372000
	13.52535082

	11:30a.m
	11.5
	909.765
	0.8
	31.5
	43
	48
	43
	48
	37
	0.109
	2372000
	 

	12:00p.m
	11.7
	925.587
	0.1
	31.6
	46
	54
	45
	52
	40.5
	0.146
	2372000
	18.47673656

	12:30p.m
	12.1
	957.231
	0.2
	32.4
	52
	56
	49
	53
	43
	0.172
	2372000
	 

	1:00p.m
	12.8
	1012.608
	0
	32.6
	57
	59
	54
	55
	45
	0.196
	2372000
	22.67275914

	1:30p.m
	12.9
	1020.519
	0
	33.1
	60
	62
	57
	56
	45.5
	0.212
	2372000
	 

	2:00p.m
	11.2
	886.032
	1.4
	34.2
	59
	62
	61
	62
	43.5
	0.248
	2372000
	26.63144183

	2:30p.m
	10.4
	822.744
	2.2
	33.5
	58
	60
	59
	61
	41
	0.258
	2372000
	 

	3:00p.m
	9.3
	735.723
	0.6
	33.5
	58
	59
	58
	60
	38.5
	0.294
	2372000
	31.05186871

	3:30p.m
	7.8
	617.058
	0.3
	32.7
	57
	56
	55
	58
	36
	0.245
	2372000
	 

	4:00p.m
	6.3
	498.393
	0
	32.1
	55
	52
	53
	56.5
	35
	0.189
	2372000
	32.02346169

	4:30p.m
	5.9
	466.749
	0
	31.9
	51
	51
	52
	55
	34
	0.152
	2372000
	 

	5:00p.m
	3
	237.33
	0
	31.1
	49
	49
	50
	54
	33
	0.123
	2372000
	34.1607618

	5:30p.m
	1.8
	142.398
	0.1
	30.5
	47
	49
	49
	52
	32
	0.111
	2372000
	 


Average Insolation = 698.3655, Average Efficiency =23.04899262

Table (3.19) Performance study of a single slope solar still with latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.780kg

Day output from 9a.m- 5.30p.m is 2.324 kg

  DATE: 26.01.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (knots)
	Temperature    ( ͦ C)
	Water Collection  for each half an hour(kg)
	Latent Heat
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	4.3
	340.173
	0.5
	28
	28
	32
	29
	29
	31
	0
	2372000
	0

	9:30a.m
	7.1
	561.681
	0
	28.4
	30
	35
	30
	30
	33
	0.015
	2372000
	 

	10:00a.m
	7.3
	577.503
	0.2
	28.7
	32
	44
	31
	33
	37
	0.035
	2372000
	7.099102665

	10:30a.m
	8.5
	672.435
	0.5
	29.2
	35
	46
	33
	36
	39
	0.052
	2372000
	 

	11:00a.m
	10.7
	846.477
	0
	29.4
	39
	49
	36
	40.5
	41
	0.077
	2372000
	10.65528867

	11:30a.m
	11.6
	917.676
	0.2
	30
	43
	52
	37
	44
	42
	0.109
	2372000
	 

	12:00p.m
	12
	949.32
	1.4
	31.5
	48
	53
	40
	48.5
	43
	0.112
	2372000
	13.81958652

	12:30p.m
	12.7
	1004.697
	0
	32.3
	52
	53
	43
	53
	45
	0.122
	2372000
	 

	1:00p.m
	11.9
	941.409
	0
	33
	53
	53
	44
	57
	46
	0.132
	2372000
	16.42423848

	1:30p.m
	10.2
	806.922
	0.8
	33.6
	55
	54
	44
	59
	47
	0.135
	2372000
	 

	2:00p.m
	12.9
	1020.519
	0.4
	35
	56
	53
	46
	62
	48
	0.158
	2372000
	13.57268401

	2:30p.m
	9.5
	751.545
	0.2
	32.5
	58
	53
	45
	64
	40
	0.295
	2372000
	 

	3:00p.m
	7.7
	609.147
	1.8
	32.5
	60
	55
	44
	62
	39
	0.284
	2372000
	32.27183393

	3:30p.m
	6.2
	490.482
	3.2
	31
	57
	53
	43
	58.5
	37
	0.21
	2372000
	 

	4:00p.m
	5.3
	419.283
	1.4
	31.4
	52
	52
	41
	57
	37
	0.195
	2372000
	33.99231443

	4:30p.m
	3.2
	253.152
	1.8
	30.6
	49
	51
	40
	55
	36
	0.175
	2372000
	 

	5:00p.m
	3
	237.33
	4.1
	29.5
	47
	49
	39
	54
	34
	0.123
	2372000
	35.7102761

	5:30p.m
	1.2
	94.932
	0
	29.1
	43
	49
	37
	52
	32
	0.095
	2372000
	 


Average Insolation =638.5935, Average Efficiency = 20.4431656

Table (3.20) Performance study of a single slope solar still with latent heat thermal energy storage system

Nocturnal output from 6.30p.m to 6.30a.m is 0.870kg

Day output from 9a.m- 5.30p.m is 2.609 kg

DATE: 27.01.2010
	Time of the day
	Insolation (mV)
	Radiation (W/m2)
	Wind (knots)
	Temperature    ( ͦ C)
	Water Collection  for each half an hour(kg)
	Latent Heat
	Efficiency (%)

	
	
	
	
	Room
	Water
	Air
	Absorbent
	Wax
	Top Cover
	
	
	

	9:00a.m
	6.2
	490.482
	0.1
	25.2
	26
	28
	25
	32
	27
	0
	2372000
	0

	9:30a.m
	8.5
	672.435
	0.4
	25.8
	26
	32
	26
	34
	28.5
	0.019
	2372000
	 

	10:00a.m
	9.1
	719.901
	0.2
	26.3
	28
	42
	27
	38
	31
	0.039
	2372000
	6.3457285

	10:30a.m
	10
	791.1
	0.6
	26.9
	29
	44
	29
	40
	32.5
	0.062
	2372000
	 

	11:00a.m
	11.2
	886.032
	0
	27.2
	32
	47
	32
	44
	35
	0.096
	2372000
	12.691457

	11:30a.m
	11.6
	917.676
	0
	27.2
	35
	47
	36
	47
	37.5
	0.112
	2372000
	 

	12:00p.m
	12
	949.32
	0
	29
	40
	51
	40
	52
	39
	0.145
	2372000
	17.891429

	12:30p.m
	12.3
	973.053
	0
	29.2
	44
	57
	45
	55
	41.5
	0.162
	2372000
	 

	1:00p.m
	12.4
	980.964
	0.2
	30.2
	50
	60
	51
	56
	44
	0.193
	2372000
	21.7414263

	1:30p.m
	11.2
	886.032
	0
	31.7
	54
	62
	54
	57
	45
	0.219
	2372000
	 

	2:00p.m
	11
	870.21
	0
	32.2
	55
	63
	57
	62
	43
	0.249
	2372000
	25.8885048

	2:30p.m
	10.8
	854.388
	0.2
	33.2
	56
	60
	58
	66
	40.5
	0.269
	2372000
	 

	3:00p.m
	9.6
	759.456
	0.4
	34
	57
	60
	58
	69
	39
	0.241
	2372000
	31.5602712

	3:30p.m
	7.4
	585.414
	0
	33.7
	57
	57
	57
	60
	37
	0.219
	2372000
	 

	4:00p.m
	5.1
	403.461
	0
	33.2
	56
	55
	56
	58
	36.5
	0.192
	2372000
	34.9850649

	4:30p.m
	4.9
	387.639
	0.6
	32
	54
	53
	54
	55
	35
	0.166
	2372000
	 

	5:00p.m
	2.9
	229.419
	0.2
	31.8
	51
	51
	52
	53
	34.5
	0.122
	2372000
	36.4033955

	5:30p.m
	1.9
	150.309
	1
	30
	47
	47
	51
	51
	33
	0.104
	2372000
	 


Average Insolation = 694.8495, Average Efficiency = 23.4384096

Table (3.21) Performance study of the still coupled with temperature controller

                 Date: 29.1.11                                                                             Temperature: 40°C
	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:15p.m
	beaker kept
	40

	6:45p.m
	0.025
	45

	7:15p.m
	0.049
	49

	7:45p.m
	0.055
	54

	8:15p.m
	0.069
	57

	8:45p.m
	0.089
	52

	9:15p.m
	0.11
	49

	
	
	

	
	Night W/C=110 ml
	 


Table (3.22) Performance study of the still coupled with temperature controller

                  Date: 30.1.11                                                                            Temperature: 50°C
	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:15p.m
	beaker kept
	40

	6:45p.m
	0.04
	454

	7:15p.m
	0.072
	49

	7:45p.m
	0.091
	53

	8:15p.m
	0.112
	57

	8:45p.m
	0.145
	51

	9:15p.m
	0.049
	49

	
	
	

	
	Night W/C=123 ml
	 


Table (3.23) Performance study of the still coupled with temperature controller

                  Date: 31.1.11                                                                              Temperature: 60°C

	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:00p.m
	beaker kept
	60

	6:30p.m
	0.08
	63

	7:00p.m
	0.13
	66

	7:30p.m
	0.15
	69

	8:00p.m
	0.215
	72

	8:30p.m
	0.318
	68

	
	
	

	
	Night W/C=135 ml
	


Table (3.24) Performance study of the still coupled with temperature controller

                    Date: 1.2.11                                                                                Temperature: 40°C
	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:45p.m
	beaker kept
	

	7:15p.m
	0.022
	42

	7:45p.m
	0.046
	47

	8:15p.m
	0.059
	55

	8:45p.m
	0.078
	48

	9:15p.m
	0.105
	45

	
	
	

	
	 
	 

	
	Night W/C=122 ml
	 


Table (3.25) Performance study of the still coupled with temperature controller

                   Date: 2.2.11                                                                                 Temperature: 50°C
	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:15p.m
	beaker kept
	50

	6:45p.m
	0.042
	51

	7:15p.m
	0.069
	50

	7:45p.m
	0.093
	49

	8:15p.m
	0.117
	50

	8:45p.m
	0.14
	51

	
	
	

	
	 
	 

	
	Night W/C=130 ml
	 


Table (3.26) Performance study of the still coupled with temperature controller

                   Date: 3.2.11                                                                                  Temperature: 60°C
	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:30p.m
	beaker kept
	60

	7:00p.m
	0.082
	63

	7:30p.m
	0.125
	66

	8:00p.m
	0.152
	69

	8:30p.m
	0.212
	72

	9:00p.m
	0.311
	75

	9:30p.m
	0.387
	72

	
	
	

	
	Night W/C=145 ml
	


Table (3.27) Performance study of the still coupled with temperature controller

                    Date: 4.2.11                                                                                 Temperature: 40°C
	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:50p.m
	beaker kept
	40

	7:20p.m
	0.025
	45

	7:50p.m
	0.038
	52

	8:20p.m
	0.057
	47

	8:50p.m
	0.084
	44

	9:20p.m
	0.11
	42

	
	
	

	
	Night W/C=120 ml
	


Table (3.28) Performance study of the still coupled with temperature controller
                     Date: 5.2.11                                                                                   Temperature: 50°C

	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:30p.m
	beaker kept
	50

	7:00p.m
	0.032
	53

	7:30p.m
	0.067
	56

	8:00p.m
	0.095
	59

	8:30p.m
	0.125
	63

	9:00p.m
	0.15
	58

	
	
	

	
	Night W/C=135ml
	


Table (3.29) Performance study of the still coupled with temperature controller
                      Date: 6.2.11                                                                           Temperature: 60°C
	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:00p.m
	beaker kept
	60

	6:30p.m
	0.048
	63

	7:00p.m
	0.075
	66

	7:30p.m
	0.125
	69

	8:00p.m
	0.225
	72

	8:30p.m
	0.332
	68

	
	
	

	
	Night W/C=147 ml
	


Table (3.30) Performance study of the still coupled with temperature controller
                    Date: 7.2.11                                                                        Temperature: 40°C

	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:30p.m
	beaker kept
	40

	7:00p.m
	0.019
	44

	7:30p.m
	0.038
	47

	8:00p.m
	0.062
	53

	8:30p.m
	0.081
	55

	9:00p.m
	0.097
	52

	
	
	

	
	 
	 

	
	Night W/C=112 ml
	 


Table (3.31) Performance study of the still coupled with temperature controller

                     Date: 8.2.11                                                                         Temperature: 50°C
	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:30p.m
	beaker kept
	50

	7:00p.m
	0.031
	54

	7:30p.m
	0.062
	56

	8:00p.m
	0.097
	60

	8:30p.m
	0.128
	62

	9:00p.m
	0.152
	57

	
	
	

	
	Night W/C=130 ml
	


Table (3.32) Performance study of the still coupled with temperature controller

                     Date: 9.2.11                                                                        Temperature: 60°C

	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:00p.m
	beaker kept
	60

	6:30p.m
	0.042
	62

	7:00p.m
	0.065
	65

	7:30p.m
	0.116
	68

	8:00p.m
	0.226
	71

	8:30p.m
	0.441
	69

	
	
	

	
	Night W/C=152 ml
	


Table (3.33) Performance study of the still coupled with temperature controller

                  Date: 10.2.11                                                                            Temperature: 40°C
	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:30p.m
	beaker kept
	40

	7:00p.m
	0.02
	43

	7:30p.m
	0.045
	46

	8:00p.m
	0.06
	49

	8:30p.m
	0.085
	52

	9:00p.m
	0.109
	55

	
	
	

	
	 
	 

	
	Night W/C=128ml
	 


Table (3.34) Performance study of the still coupled with temperature controller
                 Date: 11.2.11                                                                             Temperature: 50°C
	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:30p.m
	beaker kept
	50

	7:00p.m
	0.036
	53

	7:30p.m
	0.069
	55

	8:00p.m
	0.102
	59

	8:30p.m
	0.138
	61

	9:00p.m
	0.161
	58

	
	
	

	
	Night W/C=138 ml
	


Table (3.35) Performance study of the still coupled with temperature controller
                Date: 12.2.11                                                                             Temperature: 60°C
	Time of the day
	Water Collection every half an hour (kg)
	Water Temperature(˚c)

	6:00p.m
	beaker kept
	60

	6:30p.m
	0.041
	64

	7:00p.m
	0.086
	66

	7:30p.m
	0.132
	69

	8:00p.m
	0.226
	73

	8:30p.m
	0.339
	69

	
	
	

	
	Night W/C=150 ml
	


3.6 Formulae

Area is calculated for the single slope solar still using the basin area, which is a square trough with length (0.75 m) and breadth (0.75 m).

Therefore, area of the square basin (A) = 0.75 x 0.75




                       A = 0.5625 [image: image158.png]



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 calculated using the formula

[image: image159.png]useful heat

= fotal heat input




Daily distillate output of the still is calculated using the formula

[image: image160.png]



Efficiency can also be calculated using the formula 

[image: image161.png]__M.xL
M T xAXt




Where
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 is the distillate output in [image: image165.png]kg/m*
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 is the solar insolation in [image: image169.png]
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  is time in seconds
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 is the latent heat of vaporization in [image: image175.png]I/kg
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 is the area of the still in [image: image179.png]



3.7 System Efficiency of the Still without LHTESS
An example calculation for the experiment on 21th December, 2010 between 1.00 – 2.00 pm for without PCM storage material is given below.
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3.7.1 Thermal Analysis of the Still without Latent heat thermal energy storage system
Sample calculation of the thermal analysis of the single slope solar still is investigated as follows.
Readings of the still without Latent heat thermal energy storage system
Date: 
21th December, 2010


Time: 2:00 P.M
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i) Pressure (Air and Water)
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ii) Internal Heat Transfer
Radiative loss coefficient [image: image206.png]
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Convective loss coefficient [image: image218.png]
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Evaporative loss coefficient[image: image227.png](h,,)
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Now [image: image237.png]


, the total internal heat transfer coefficient is given by
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iii)    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. 
Radiative loss coefficient [image: image243.png]
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Convective loss coefficient [image: image262.png](h,)
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The total heat transfer coefficients from glass cover to ambient[image: image273.png](hy,)



 is given by
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The combined radiative and convective heat transfer co-efficient is,
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Overall heat transfer (Ut)

[image: image281.png]



         [image: image283.png]



[image: image284.png].1345 W/m?°C





3.7.2 
Determination of Distillate Output (ml)

The distillate output is observed for still without LHTESS.
(i) Determination of distillate output (ml) without LHTESS 

The predicted distillate output at 2:00p.m is given as
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    (ii) Determination of distillate output (ml) without LHTESS 

The Observed distillate output at 2:00p.m is given as
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3.7.3 
Determination of Efficiency (ml)

(i) Determination of thermal efficiency (η) without LHTESS 
    The predicted still efficiency at 2:00p.m is given as
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(ii)   Determination of thermal efficiency (η) without LHTESS 
        The observed still efficiency at 2:00p.m is given as
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3.8 S ystem Efficiency of the Still with LHTESS (Paraffin Wax) 

An example calculation for the experiment on 26th January, 2011between 1.00 – 2.00p.m with LHTESS (Paraffin Wax) is given below.
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3.8.1 Thermal Analysis of the Still with LHTESS (Paraffin Wax) 

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

Readings of the still with LHTESS
Date: 
26th January, 2010


Time: 2:00p.m
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i) Pressure (Air and Water)
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ii) Internal Heat Transfer

Radiative loss coefficient [image: image328.png]
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Evaporative loss coefficient[image: image349.png](h,,)
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Now [image: image360.png]


, the total internal heat transfer coefficient is given by
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iii)    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. 

Radiative loss coefficient [image: image366.png]
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Where
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Convective loss coefficient [image: image385.png](h,)
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The total heat transfer coefficients from glass cover to ambient[image: image396.png](hy,)



 is given by
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The combined radiative and convective heat transfer co-efficient is,
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Overall heat transfer (Ut)
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3.8.2 Determination of Distillate Output (ml)

The distillate output is observed for still with PCM storage material.

(i) Determination of distillate output (ml) with LHTESS (Paraffin Wax) 

The predicted distillate output at 2:00p.m is given as
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(i) Determination of distillate output (ml) LHTESS (Paraffin Wax) 

The observed distillate output at 2:00p.m is given as
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3.8.3 Determination of Efficiency (ml)

(i) Determination of thermal efficiency (η) with PCM storage material 

The predicted still efficiency at 2:00p.m is given as

[image: image419.png]M XL o
O XAXt

Mpre = 100




[image: image420.png]02767116734 X 2372000
1020519 %X 05625 x 3600

Mpre =




[image: image421.png]Mpre = 31.76113714 %




(ii) Determination of thermal efficiency (η) with PCM storage material 

The predicted still efficiency at 2:00p.m is given as
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3.9 Physical and Chemical analysis of water after solar desalination 

The physical and chemical analysis 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 (3.36) & table (3.37)
Table (3.36): Physical Examination
	S.NO
	Physical parameters
	Test results of solar distillate sample

	1
	Appearance
	Clear

	2
	Colour (Pt-co-scale)
	Colorless

	3
	Odour
	None

	4
	Turbidity NT Units
	1

	5
	Total dissolved solids mg/I
	27

	6
	Electrical conductivity (micro mho/cm)
	39


Table (3.37): Chemical Examination

	S.NO
	Chemical parameters
	Test results of solar distillate sample

	1
	pH
	7.46

	2
	Alkalinity Ph
	0

	3
	As CaCo3
	10

	4
	Total hardness as CaCo3
	12

	5
	Calcium as Ca
	3

	6
	Magnesium as Mg
	1

	7
	Iron as fe
	0

	8
	Manganese as Mn
	0

	9
	Free Ammonia as NH3
	0

	10
	Nitrate as NO2
	0

	11
	Nitrate as NO3
	1

	12
	Chloride as Cl
	4

	13
	Fluoride as F
	0

	14
	Sulphate as SO4
	2

	15
	Phosphate as PO4
	0


3.10 Results of all the sample calculation are presented in table (3.38) and          table (3.39) 

Table (3.38): Internal and external heat transfer coefficients
	Heat Transfer Coefficients
	W/O LHTESS


	With LHTESS
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Table (3.39): Distillate output and efficiency
	S.No
	Date
	Specification
	Distillate Output(kg/m2)
	Efficiency (%)

	
	
	
	Predicted
	Observed
	Predicted
	Observed

	1
	21th December
	W/O LHTESS

Storage Material
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	2
	26th  January
	With LHTESS

Storage Material
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CHAPTER 1V
RESULTS AND DISCUSSION

4.1 Performance Analysis:

The performance of a single slope solar still is analyzed on normal sunny days. The variation of Solar Insolation (I), Water temperature (Tw), Ambient temperature (Tamb), Top cover temperature (Ttc), Air temperature (Ta) and amount of distilled water collection are observed, including nocturnal output along with the measurement of solar insolation for every half an hour interval.

The performance of the still is analyzed in two modes of operation.

(i) Without Latent Heat Thermal Energy Storage System.

(ii) With Latent Heat Thermal Energy Storage System.

(iii) Coupled to a Temperature Controller.

The Radiative heat transfer (Qrw), Convective heat transfer (Qcw) and Evaporative heat transfer (Qew) under internal heat transfer modes are predicted. Similarly external heat transfer modes by Conduction heat transfer (Qb), external heat transfer through Radiation from the glass cover (Qra) and heat transfer from glass cover to atmosphere by Convection (Qca) are also estimated. Numerical calculations are carried out for comparing the observed values of heat transference with theoretical simulation values for the same. The standard and quality of the distilled water yield is examined by physical and chemical properties that carried out on a collected sample of water in the regional laboratory, Tamil Nadu supply and drainage board, Coimbatore.
4.2 Efficiency of the system

The instantaneous efficiency and overall efficiency are calculated for all the studies. The daily water collection efficiency without Latent heat thermal energy storage system is in the range 0-85%, while that with Latent thermal energy storage system of paraffin wax are observed to be in the range of 0-125%, and using the temperature controller, the yield is same as that of the conventional solar still for the same particular temperature. 
4.3 Distillate output of the system

The maximum distillate output produced for the single slope solar still without Latent heat thermal energy storage system is in the range of 1800-2200%, while that with Latent heat thermal energy storage system (paraffin wax) was observed to be in the range of 1800-3000%, the distillate output for the single slope solar still using temperature controller is obtained in the absence of solar radiation, which results the same distillate output as that of the conventional for the same particular temperature. Studies have shown that still with Latent heat thermal energy storage system of paraffin wax gives maximum distillate output
4.4 Graphical analysis


The graphs are plotted between the various observed parameters such as solar insolation, efficiency, distillate output, temperature profiles of various junctions etc., during selected sunny days of experiments with and without Latent heat thermal energy storage system (paraffin wax) storage material and using temperature controller. Typical results of variation of solar radiation and water collection with respect to time for single slope solar still performance study with and without LHTESS is illustrated in Fig (4.2) and Fig (4.1). 

The variation of water temperature, air temperature, glass temperature, absorbent temperature and ambient temperature with respect to time for single slope solar still performance study with and without LHTESS is illustrated in Fig (4.4) and Fig (4.3). The cover temperature of the still increase as the day progresses because of the increased evaporation of water from basin and consequent condensation of water vapour at the bottom surface of the top cover. Ambient temperature variation depends on atmospheric condition. The temperature of water and glass cover has similar trends, as they increase in the morning hours to maximum values around noon time before they start to decrease late in the afternoon. This is due to the increase in the morning and decrease in the afternoon.  

The variation of instantaneous efficiency with respect to time for single slope solar still performance with and without LHTESS is illustrated in Fig (4.6) and Fig (4.5). the efficiency of the still depends on solar insolation (mv), latent heat (2372000), water collection(kg)  The variation of daily water collection measured with respect to number of days for single slope solar still under two modes of study is illustrated in Fig (4.7) and Fig (4.8).
The variation of solar radiation and water collection with respect to time for still performance study without LHTESS is shown in Fig (4.1) 

It shows that radiation increases linearly with time and reaches the maximum value from 12a.m to 2p.m and then decreases. Radiation received during this study is on the range of 506.39 W/m2 to 988.87 W/m2. 

Water collection also starts to increase gradually with respect to the intensity of solar insolation. The water collection is increased to the maximum of 208 ml and then decreased to 72 ml at 5p.m. for still study. Average distilled water observed during this study is around 1.929 litres/0.5625 m2.

The variation of solar radiation and water collection with respect to time for still performance study with LHTESS is illustrated in Fig (4.2). 

It shows that radiation increases linearly with time and reaches the maximum value from 12a.m to 2p.m and then decreases. Radiation received during this study is on the range of 553.97 W/m2 to 988.87 W/m2. 

Water collection also starts to increase gradually with respect to the intensity of solar insolation. The water collection is increased to the maximum of 262 ml and then decreased to 106 ml at 5p.m for still study. Average distilled water observed during this study is around 2.517 litres/0.5625 m2.

Comparing Fig (4.1) and Fig (4.2) it shows that the distillate water yield increases due to the effect of Latent heat thermal energy storage system. The distilled water collection at the outlet is increased with respect to solar radiation. At the peak time 12.00 to 2.00p.m radiation received for the particular day is more.  So the water collection obtained at that period is more.
During initial warm up period, water collection is almost same for both studies. But after time progress, water collection in phase change material study increases linearly with respect to that of without LHTESS.
The variation of water temperature, air temperature, glass temperature, absorbent temperature and ambient temperature with respect to time for still performance study without LHTESS is visualized in Fig (4.3). The rise temperature observed in the range of 27(C to 56 (C for water, 28 (C to 63 (C for air, 26.5 (C to 44(C for to glass, 26 (C to 58(C for absorbent and 25.8 (C to 34 (C for ambient temperature.    

The variation of water temperature, air temperature, glass temperature and ambient temperature with respect to time for still performance study combined with LHTESS is shown in Fig (4.4). The rise temperature observed in the range of 29(C to 61 (C for water, 29 (C to 66 (C for air, 27.5 (C to 44(C for to glass, 30 (C to 75(C for wax and 27 (C to 34 (C for ambient temperature.    

Comparing Fig (4.3) and Fig (4.4) it is clear that air temperature and water temperature inside the still is higher for study with LHTESS than that of without LHTESS material. Rise in temperature is experienced due to the releasing of latent heat by the phase change material (Wax) to the water.

The variation of instantaneous efficiency with respect to time for still performance without LHTESS is illustrated in Fig (4.5). The instantaneous efficiency rises according with time. The instantaneous efficiency obtained is in the range of 2.59% - 44.64% for still performance study without LHTESS.

The variation of instantaneous efficiency with respect to time for still performance with LHTESS is shown in Fig (4.6). The instantaneous efficiency rises according with time. The instantaneous efficiency obtained is in the range of 3.17% - 46.54% for still performance study with LHTESS.

Comparing Fig (4.5) and Fig (4.6) it is clear that efficiency is more still with LHTESS than that of still without LHTESS. The reason behind this variation is due to increase in distillate yield. Distillate yield is increased in LHTESS study since LHTESS transfer latent heat to the water when the water temperature starts to drops. 

The variation of daily water collection measured with respect to number of days for still under two modes of study is visualized in Fig (4.7). The distilled water is collected in the range of 1.768 litres/0.5625m2 per day to 1.929 litres/0.5625m2 per day for still without LHTESS and 2.428 litres/0.5625m2 per day to 2.517 litres/0.5625 m2 per day for still with LHTESS.

The variation of overall efficiency of the system to with respect numbers of days is shown in Fig (4.8). The study is done continuously and is reported that the overall efficiency obtained is in the range of 30.14 % - 31.62 % for still performance study without LHTESS and 33.94 % - 35.59 % for still performance combined with LHTESS.
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Fig (4.1) Variation of solar radiation and water collection with 
respect to time for single slope solar still 
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Fig (4.2) Variation of solar radiation and water collection with respect to 
time for single slope solar still with LHTESS
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Fig (4.3) Variation of temperature with respect to time for single 
slope solar still study  
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Fig (4.4) Variation of temperature with respect to time for single slope 
solar still study with LHTESS
[image: image512.jpg]PERFORMANCE ANALYSIS OF A SINGLE SLOPED BASIN SOLAR
STILL WITH AND WITHOUT LATENT HEAT THERMAL ENERGY
'STORAGE SYSTEM AND COUPLED TO AN ELECTRICAL
TEMPERATURE CONTROLLER

BY
FATHIMA PARVEEN. A
(09 PHS 02)

A DISSERTATION SUBMITTED TO THE
AVINASHILINGAM DEEMED UNIVERSITY FOR WOMEN
COIMBATORE — 641 043 '

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE IN PHYSICS

MAY 2011

CERTIFIDED AS BONAFIDE RESEARCH WORK

O § R

SIGNATURE OF THE SIGNATURE OF Q’
HEAD OF THE DEPARTMENT THE GUIDE




Fig (4.5) Variation of instantaneous efficiency with time for single 
slope solar still
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Fig (4.6) Variation of instantaneous efficiency with time for single 
slope solar still with LHTESS
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Fig (4.7) Variation of average water collection with respect to number of days
 for single slope solar still under two modes of operation
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Fig (4.8) Variation of average efficiency with respect to number of days for 
single slope solar still under two modes of operation
Table (4.1) Variation of solar radiation and water collection with respect 
to time for single slope solar still
15.12.2011

	S.NO
	Time of the day
	Insolation W/m2
	Water collection (kg)

	1
	9:00a.m
	506.304
	0

	2
	9:30a.m
	609.147
	0.009

	3
	10:00a.m
	751.545
	0.018

	4
	10:30a.m
	806.922
	0.038

	5
	11:00a.m
	901.854
	0.064

	6
	11:30a.m
	941.409
	0.089

	7
	12:00a.m
	973.053
	0.11

	8
	12:30p.m
	988.875
	0.126

	9
	1:00p.m
	988.875
	0.154

	10
	1:30p.m
	925.587
	0.179

	11
	2:00p.m
	878.121
	0.208

	12
	2:30p.m
	822.744
	0.192

	13
	3:00p.m
	664.524
	0.172

	14
	3:30p.m
	648.702
	0.148

	15
	4:00p.m
	490.482
	0.133

	16
	4:30p.m
	363.906
	0.121

	17
	5:00p.m
	276.885
	0.096

	18
	5:30p.m
	229.419
	0.072

	
	
	709.353
	1.929


Table (4.2) Variation of solar radiation and water collection with respect to 
time for single slope solar still with LHTESS
19.01.2011

	S.NO
	Time of the day
	Insolation W/m2
	Water collection (kg)

	1
	9:00a.m
	553.77
	0

	2
	9:30a.m
	664.524
	0.012

	3
	10:00a.m
	680.346
	0.025

	4
	10:30a.m
	743.634
	0.048

	5
	11:00a.m
	783.189
	0.075

	6
	11:30a.m
	799.011
	0.109

	7
	12:00a.m
	846.477
	0.14

	8
	12:30p.m
	870.21
	0.162

	9
	1:00p.m
	909.765
	0.193

	10
	1:30p.m
	957.231
	0.212

	11
	2:00p.m
	988.875
	0.248

	12
	2:30p.m
	1028.43
	0.262

	13
	3:00p.m
	1004.697
	0.232

	14
	3:30p.m
	957.231
	0.21

	15
	4:00p.m
	909.765
	0.189

	16
	4:30p.m
	664.524
	0.162

	17
	5:00p.m
	498.393
	0.132

	18
	5:30p.m
	245.241
	0.106

	
	
	783.6285
	2.517


Table (4.3) Variation of temperature with respect to time for 
single slope solar still study
                                  16.2.2011

	.NO
	Time of the day
	Temperature (oC)

	
	
	Room
	Water
	Air
	Absorbent
	Top Cover

	1
	9:00a.m
	25.8
	27
	28
	26
	26.5

	2
	9:30a.m
	26.1
	29
	34
	26
	28.5

	3
	10:00a.m
	27
	33
	43
	27
	29

	4
	10:30a.m
	28.5
	40
	45
	33
	32

	5
	11:00a.m
	29
	46
	48
	37
	35

	6
	11:30a.m
	29.3
	48
	48
	41
	37.5

	7
	12:00a.m
	30.5
	52
	54
	46
	39

	8
	12:30p.m
	31
	55
	58
	52
	40.5

	9
	1:00p.m
	32
	56
	61
	55
	42

	10
	1:30p.m
	32.4
	56
	63
	58
	43

	11
	2:00p.m
	32.7
	56
	60
	58
	44

	12
	2:30p.m
	32.9
	56
	60
	58
	42

	13
	3:00p.m
	33.5
	54
	58
	57
	41.5

	14
	3:30p.m
	34.2
	51
	57
	56
	40

	15
	4:00p.m
	33.2
	47
	55
	54
	39

	16
	4:30p.m
	32
	46
	51
	52
	38

	17
	5:00p.m
	30
	43
	49
	50
	36

	18
	5:30p.m
	29.3
	42
	47
	49
	34

	
	
	30.52222
	46.5
	51.05556
	46.38889
	37.08333


Table (4.4) Variation of temperature with respect to time for single 
slope solar still study with LHTESS
                                    20.01.2011

	S.NO
	Time of the day
	Temperature (oC)

	
	
	Room
	Water
	Air
	Wax
	Top Cover

	1
	9:00a.m
	27
	29
	29
	30
	27.5

	2
	9:30a.m
	28.8
	31
	32
	33
	29

	3
	10:00a.m
	29.4
	35
	37
	37
	30.5

	4
	10:30a.m
	30.8
	41
	46
	41
	32

	5
	11:00a.m
	31.3
	46
	55
	45
	34.5

	6
	11:30a.m
	32.7
	50
	58
	48
	36.5

	7
	12:00a.m
	33
	54
	59
	51
	39

	8
	12:30p.m
	33.6
	57
	60
	55
	41

	9
	1:00p.m
	34.2
	59
	62
	59
	42.5

	10
	1:30p.m
	34
	60
	65
	65
	43

	11
	2:00p.m
	33
	61
	66
	69
	44

	12
	2:30p.m
	33.6
	58
	64
	72
	42.5

	13
	3:00p.m
	33
	56
	61
	75
	41

	14
	3:30p.m
	33
	53
	59
	71
	39.5

	15
	4:00p.m
	32.5
	50
	56
	66
	38

	16
	4:30p.m
	32.1
	48
	53
	64
	37.5

	17
	5:00p.m
	31.8
	46
	51
	58
	36

	18
	5:30p.m
	31
	45
	49
	54
	34.5

	
	
	31.93333
	48.83333
	53.44444
	55.16667
	37.13889


Table (4.5) Variation of instantaneous efficiency with time for 
single slope solar still
             15.02.2011

	S.NO
	Time of the day
	Efficiency %

	1
	9:30a.m
	2.59598

	2
	10:00a.m
	4.20822

	3
	10:30a.m
	8.274332

	4
	11:00a.m
	12.4688

	5
	11:30a.m
	16.61088

	6
	12:00a.m
	19.86265

	7
	12:30p.m
	22.38773

	8
	1:00p.m
	27.36278

	9
	1:30p.m
	33.97948

	10
	2:00p.m
	41.61883

	11
	2:30p.m
	41.00317

	12
	3:00p.m
	45.47772

	13
	3:30p.m
	40.08643

	14
	4:00p.m
	47.64414

	
	
	25.97008


Table (4.6) Variation of instantaneous efficiency with time for 
single slope solar still with LHTESS
            18.01.2011

	S.NO
	Time of the day
	Efficiency %

	1
	9:00a.m
	3.172864

	2
	9:30a.m
	6.45641

	3
	10:00a.m
	11.3413

	4
	10:30a.m
	16.8258

	5
	11:00a.m
	23.96926

	6
	11:30a.m
	29.05988

	7
	12:00a.m
	32.70935

	8
	12:30p.m
	37.27426

	9
	1:00p.m
	38.91348

	10
	1:30p.m
	44.06474

	11
	2:00p.m
	44.76179

	12
	2:30p.m
	40.57269

	13
	3:00p.m
	38.54637

	14
	3:30p.m
	36.50173

	15
	4:00p.m
	42.83367

	16
	4:30p.m
	46.53534

	17
	5:00p.m
	75.94407

	
	
	30.84618


Table (4.7) Variation of average water collection with respect to number of days for single slope solar still under two modes of operation

	S.NO
	Day
	With  LHTESS
	W/O LHTESS

	1
	1
	2.517
	1.29

	2
	2
	2.502
	1.725

	3
	3
	2.485
	1.547

	4
	4
	2.535
	1.538

	5
	5
	2.402
	1.305

	6
	6
	2.504
	1.384

	7
	7
	2.672
	1.547

	8
	8
	2.609
	1.658

	9
	9
	2.324
	1.32

	10
	10
	2.517
	1.441

	
	
	2.449
	1.512


Table (4.8) Variation of average efficiency with respect to number of days

For single slope solar still under two modes of operation

	S.NO
	Day
	With  LHTESS
	W/O  LHTESS

	1
	1
	30.58
	34.26

	2
	2
	31.2
	34.89

	3
	3
	31.24
	35.42

	4
	4
	31.49
	34.67

	5
	5
	31.62
	35.56

	6
	6
	32.17
	34.51

	7
	7
	31.2
	35.59

	8
	8
	30.14
	34.81

	9
	9
	31.2
	35.29

	10
	10
	31.52
	33.94

	11
	11
	31.21
	34.19

	12
	12
	30.87
	35.29

	
	
	31.20333
	34.86833


4.5 AVERAGE LOSSES FOR THE SINGLE SLOPE SOLAR STILL 

(A)Without Latent heat thermal energy storage system

 (i)Under Internal Heat Transfer Mode 
 (i) Under Internal Heat Transfer Mode 
i) Convective Heat Transfer 
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W/m2 
ii) Radiative Heat Transfer 
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iii) Evaporative Heat Transfer 
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156.90 W/m2
iv) Total Internal Heat Loss  
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 (ii)Under External Heat Transfer Mode 
i) Conductive Heat Loss 

[image: image481.png]Qea



 
-
87.6 W/m2
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iii) Base Heat Loss
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B) With Latent heat thermal energy storage system

Under Internal Heat Transfer Mode
i) Convective Heat Transfer 
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iv) Total Internal Heat Loss  

[image: image495.png]Qui



 

254.46
W/m2.

Under External Heat Transfer Mode 
Conductive Heat Loss 
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CHAPTER V

SUMMARY AND CONCLUSION
A simple basin still made of blackened mild steel plate covered with glass cover is tested for its performance with and without Latent thermal heat storage system (Paraffin wax) and coupled to a temperature controller.

The following conclusions are drawn from experimental results. 

The average efficiency and the distillate output were found to be higher with Latent thermal heat storage system (Paraffin wax) than the still without Latent thermal heat storage system, and the efficiency yield of temperature controller was found to be more or less same when compared with single slope basin under non- conventional source

The distillate output is observed that it increases even after the decrease of the water temperature for certain period due to the temperature retention in the LHTESS. 

The nocturnal distillate output from 7.00p.m to 6.00a.m is also observed with and without LHTESS. On selected days and it is found to be in reasonable range for all the materials. Based on the obtained results, the total productivity is nearly the same for both stills. So, 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. 

The various heat loss coefficients due to internal and external heat transfer in the still are also calculated.

The efficiency and distillate outputs are also calculated both experimentally and theoretically and are found to be of closer value. The distilled water collection at the outlet is increased with respect to solar radiation. At the peak time 12.00a.m to 2.00p.m radiation received for the particular day is more.  So the water collection obtained at that period is more. The results show that the maximum productivity is obtained in the lowest possible flow rate. 

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

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

All the analysis, tabulation, computation done in the still indicates that the still performance depends on various meteorological parameters such as ambient temperatures, solar insulation, water temperature, air temperature etc., maximum output is possible with higher insulation and with heat retention absorbers spread in the basin water. The addition of the heat absorbing material in the basin water is a plus in improving the thermal performance of a single basin solar still for an increased distillate output.

LIMITATIONS

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

· The deposition of dust on the glass cover reduces the transmittance of the cover, 

· Difficulty of dust deposition on the glass top cover, removal and resealing it after the addition of each heat absorbing material and the introduction of heater coil.
· Experimentation could not be performed same time with different absorbing materials as a single still is used.

SUGGESTIONS

· The yield may be increased by decreasing the depth of water.

· Selective coatings can be used in the still to increase the absorption capacity.

· Experimentations with each heat absorbing material can be performed in identical stills simultaneously for the better results.

REFERENCES
· A.M. El-Zahaby, A.E. Kabeel, A.I. Bakry, S.A. El-Agouz, and O.M. Hawam (2011),Enhancement of solar still performance using a reciprocating spray feeding system—An experimental approach, Desalination, Volume 267, Issues 2-3,Pages 209-216
· Hamid Moghadam, Farshad Farshchi Tabrizi and Ashkan Zolfaghari Sharak(2011), Optimization of solar flat collector inclination, Desalination, Volume 265, Issues 1-3,Pages 107-111
· He Kaiyan, Zheng Hongfei and Tao Tao(2011),A novel multiple curved surfaces compound concentrator, Solar Energy, Volume 85, Issue 1,Pages        198-207
· Madhlopa and C.M. Johnstone (2011),Computation of solar radiation distribution in a solar still with internal and external reflectors, Solar Energy, Volume 85, Issue 2, Pages 217-233.
· A.M.El-zahaby, A.E.Kabeel, A.L.Bakry, S.A.El-agouz, and O.M.Hawam (2010), Augmentation of solar still performance using flash evaporation, Desalination, Volume 257, Issues 1-3, Pages 58-65
· Amimul Ahsan and Teruyuki Fukuhara (2010), Mass and heat transfer model of Tubular Solar Still, Solar Energy, Volume 84, Issue 7, Pages 1147-1156
· Amimul Ahsan, Kh.M.Shafiul Islam. Teruyuki Fukuhara and Abdul Halim Ghazali (2010), Experimental study on evaporation, condensation and production of a new Tubular Solar Still,  Desalination, Volume 260, Issues 1-3, Pages 172-179
· Farshad Farshchi Tabrizi and Ashkan Zolfaghari Sharak(2010),Experimental study of an integrated basin solar still with a sandy heat reservoir,Desalination,vol.253, issue.1-3,pp195-199

· Farshad Farshchi Tabrizi, Mohammad Dashtban, Hamid Moghaddan and Kiyanoosh Razzaghi (2010), Effect of water flow rate on internal heat and mass transfer and daily productivity of a weir-type cascade solar still, Desalination, Volume 260, Issues 1-3, Pages 239-247
· Khaled M.S.Eladlil (2010), Improving the performance of solar still using vibratory harmonic effect, Desalination, Volume 251, Issues 1-3, Pages 3-11.
· Khaoula Hidouri et al., (2010), Hybrid solar still by heat pump compression, Desalination, Volume 250, Issue 1, Pages 444-449.
· M. Feilizadeh, M. Soltanieh, K. Jafarpur and M.R. Karimi Estahbanati (2010), A new radiation model for a single-slope solar still, Desalination, Volume 262, Issues 1-3, Pages 166-173.
· M.K.Gaur and G.N. Tiwari (2010),Optimization of number of collectors for integrated PV/T hybrid active solar still, Applied Energy, Volume 87, Issue 5, Pages 1763-1772.
· Mohmoud I.M.Sharat and K.Mahkamov (2010), Determination of rational design parameters of a multi-stage solar water desalination still using transient mathematical modeling, Renewable Energy, Volume 35, Issue 1, Pages 52-61.
· Rahul Dev and G.N.Tiwari (2010), Characteristic equation of a hybrid (PV-T) active solar still , Desalination, Volume 254, Issues 1-3, Pages 126-137.
· Shiv Kumar et al. (2010), Development of empirical relation to evaluate the heat transfer coefficients and fractional energy in basin type hybrid (PV/T) active solar still, Desalination, Volume 250, Issue 1, Pages 214-221.
· V.K.Dwivedi and G.N.Tiwari (2010), Experimental validation of thermal model of a double slope active solar still under natural circulation mode, Desalination, Vol.250, Issue 1, Pages 49-55.
· Rahul Dev and G.N.Tiwari(2009), Characteristic equation of a passive solar still, Desalination, Volume 245, Issues 1-3, Pages 246-265.
· Hiroshi Tanaka (2009), Experimental study of vertical multiple-effect diffusion solar still coupled with a flat plate reflector, Desalination, Volume 249, Issue 1, Pages 34-40.
· A.E.Kabeel (2009), Performance of solar still with a concave wick evaporation surface, Energy, Volume 34, Issue 10, Pages 1504-1509.
· V.Velmurugan et al., (2009), Performance analysis in stepped solar still for effluent desalination, Energy, Volume 34, Issue 9, Pages 1179-1186.
· Hiroshi Tanaka (2009), Tilted wick solar still with external flat plate reflector: Optimum inclination of still and reflector, Desalination, Volume 249, Issue 1, Pages 411-415.
· Abdul Jabbar N.Khalifa and Hussein A. Ibrahim (2009), Effect of inclination of the external reflector on the performance of a basin type solar still at various seasons, Energy for Sustainable Development, Volume 13, Issue 4, Pages        244-249
· Abdul Jabbar N.Khalifa and Ahmad M.Hamood (2009), Performance correlations for basin type solar stills, Desalination, Volume 249, Issue 1, Pages 24-28.
· Mohamed A.Eltawil et al. (2009), Wind turbine-inclined still collector integration with solar still for brackish water desalination, Desalination, Volume 249, Issue 2, Pages 490-497.
· V.K.Dwivedi and G.N.Tiwari (2009), Comparison of internal heat transfer coefficients in passive solar stills by different thermal models: An experimental validation, Desalination, Volume 246, Issues 1-3, Pages 304-318.
· Hiroshi Tanaka (2009), Experimental study of a basin type solar still with internal and external reflectors in winter, Desalination, Volume 249, Issue 1, Pages 130-134.
· A.Madhlopa and C.Johnstone (2009), Numerical study of a passive solar still with separate condenser, Renewable Energy, Volume 34, Issue 7, Pages          1668-1677.
· L.M. Flendrig, B. Shah, N. Subrahmaniam, V. Ramakrishnan, Low cost thermoformed solar still water purifier for D&E countries(2009), Physics and Chemistry of the Earth, Parts A/B/C, Volume 34, Issues 1-2, Pages 50-54.
· Madhlopa and C.Johnstone (2009), Model for computation of solar fraction in a single-slope solar still, Solar Energy, Volume 83, Issue 6, Pages 873-882.
· Salah Abdallah, Omar Badran and Mazen M. Abu-Khader (2008), Performance evaluation of a modified design of a single slope solar still, Desalination, Volume 219, Issues 1-3, Pages 222-230.
· K. Kalidasa Murugavel, Kn.K.S.K. Chockalingam and K. Srithar (2008), Progresses in improving the effectiveness of the single basin passive solar still, Desalination, Volume 220, Issues 1-3, Pages 677-686.
· S. Abdallah and O.O. Badran (2008), Sun tracking system for productivity enhancement of solar still, Desalination, Volume 220, Issues 1-3, Pages          669-676.
· V. Velmurugan, M. Gopalakrishnan, R. Raghu and K. Srithar (2008), Single basin solar still with fin for enhancing productivity, Energy Conversion and Management, Volume 49, Issue 10,Pages 2602-2608.
· O.O.Badran (2007), Experimental study of the enhancement parameters on a single slope solar still productivity, Desalination, Volume 209, Issues 1-3, Pages 136-143.
· M.Boukar and A.Harmim (2007), Design parameters and preliminary experimental investigation of an indirect vertical solar still, Desalination, Volume 203, Issues 1-3, Pages 444-454.
· Hiroshi Tanaka and Yasuhito Nakatake (2007), Numerical analysis of the vertical multiple-effect diffusion solar still coupled with a flat plate reflector: optimum reflector angle and optimum orientation of the still at various seasons and locations, Desalination, Volume 207, Issues 1-3, Pages 167-178.
· Hiroshi Tanaka and Yasuhito Nakatake (2006), Theoretical analysis of a basin type solar still with internal and external reflectors , Desalination, Volume 197, Issues 1-3, Pages 205-216.
· O.O.Badran and H.A.Al-Tahaineh (2005), The effect of coupling a flat-plate collector on the solar still productivity , Desalination, Volume 183, Issues 1-3, Pages 137-142.
· M.Boukar and A.Harmim (2005), Performance evaluation of a one-sided vertical solar still tested in the Desert of Algeria, Desalination, Volume 183, Issues 1-3, Pages 113-126.
· A.A.Al-karaghouli and W.E.Alnaser (2004), Performances of single and double basin solar-stills, Applied Energy, Volume 78, Issue 3, Pages 347-354.
· M.Boukar and A.Harmim (2003), Development and testing of a vertical solar still, Desalination, Volume 158, Issues 1-3, Page 179.
· Mona M. Naim and Mervat A. Abd El Kawi (2003). Non-conventional solar stills Part 2. Non-conventional solar stills with energy storage element, Desalination, Volume 153, Issues 1-3, Pages 71-80.
· H. Al-Hinai, M. S. Al-Nassri and B. A. Jubran (2002), Effect of climatic, design and operational parameters on the yield of a simple solar still , Energy Conversion and Management, Volume 43, Issue 13, Pages 1639-1650.
· S. Nafey, M. Abdelkader, A. Abdelmotalip and A. A. Mabrouk (2001), Solar still productivity enhancement , Energy Conversion and Management, Volume 42, Issue 11, Pages 1401-1408.
· M.Boukar and A.Harmim (2001), Effect of climatic conditions on the performance of a simple basin solar still: a comparative study, Desalination, Volume 137, Issues 1-3, 1 Pages 15-22.
· H. Tanaka, T. Nosoko and T. Nagata (2000), parametric investigation of a basin-type-multiple-effect coupled solar still, Desalination, Volume 130, Issue 3, Pages 295-304.
· Bilal A. Akash, Mousa S. Mohsen and Waleed Nayfeh (2000), Experimental study of the basin type solar still under local climate conditions, Energy Conversion and Management, Volume 41, Issue 9, Pages 883-890.
WEBSITES:
· http://www.idosi.org/wasj/wasj7%284%29/13.pdf
· http://www.absoluteastronomy.com/topics/solar_still
· http://www.sciencedirect.com/

· http://adsabs.harvard.edu/abs/2007HMT....43..985B
· http://www.absoluteastronomy.com/topics/Renewable_energy
· http://en.wikipedia.org/wiki/Solar_energy
· http://lorien.ncl.ac.uk/ming/distil/distil0.htm
· http://www.technologystudent.com/energy1/less4.htm
· http://www.need.org/needpdf/infobook_activities/IntInfo/GeothermalI.pdf
· http://www.sciencedirect.com/science/journal/00119164

[image: image516.jpg]



Dedicated to my loving parents,
Guide, beloved sisters
And brother
[image: image517.jpg]



To Power Supply





1





2





N1





12





13





C1





N0





 


 


 


  l





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���








PAGE  
1

[image: image518.jpg]


[image: image519.emf]0

200

400

600

800

1000

1200

9:009:3010:0010:3011:0011:3012:0012:301:001:302:002:303:003:304:004:305:005:30

Time of the day

Solar Radiation (W/m

2

)

0

0.05

0.1

0.15

0.2

0.25

0.3

Water Collection (kg)

S.R W.C

[image: image520.emf]20

25

30

35

40

45

50

55

60

65

9:009:3010:0010:3011:0011:3012:0012:301:001:302:002:303:003:304:004:305:00

Time of the day

Temperature (ºC)

Room Water Absorbant Ta S Top Cover

[image: image521.emf]20

30

40

50

60

70

80

9:009:3010:0010:3011:0011:3012:0012:301:001:302:002:303:003:304:004:305:00

Time of the day

Temperature (ºC)

Room Water Wax Ta S Top Cover

[image: image522.emf]0

10

20

30

40

50

60

9:3010:0010:3011:0011:3012:0012:301:001:302:002:303:003:304:00

Time of the day

Instantaneous efficiency (%)

[image: image523.emf]0

5

10

15

20

25

30

35

40

45

50

9:3010:0010:3011:0011:3012:0012:301:001:302:002:303:003:304:004:305:00

Time of the day

Instantaneous efficiency (%)

[image: image524.emf]0

0.5

1

1.5

2

2.5

3

1 2 3 4 5 6 7 8 9 10

Number of Days

Water Collection (Kg)

With LHTESS W/O LHTESS

[image: image525.jpg]


[image: image526.emf]0

200

400

600

800

1000

1200

9:009:3010:0010:3011:0011:3012:0012:301:001:302:002:303:003:304:004:305:005:30

Time of the day 

Solar Radiation (W/m

2

)

0

0.05

0.1

0.15

0.2

0.25

Water Collection (kg)

S.R W.C

_1366108071.xls
Chart1

		0.375		0.375		0.375		0.375		0.375		0.375		0.375		0.375		0.375		0.375

		0.3958333333		0.3958333333		0.3958333333		0.3958333333		0.3958333333		0.3958333333		0.3958333333		0.3958333333		0.3958333333		0.3958333333

		0.4166666667		0.4166666667		0.4166666667		0.4166666667		0.4166666667		0.4166666667		0.4166666667		0.4166666667		0.4166666667		0.4166666667

		0.4375		0.4375		0.4375		0.4375		0.4375		0.4375		0.4375		0.4375		0.4375		0.4375

		0.4583333333		0.4583333333		0.4583333333		0.4583333333		0.4583333333		0.4583333333		0.4583333333		0.4583333333		0.4583333333		0.4583333333

		0.4791666667		0.4791666667		0.4791666667		0.4791666667		0.4791666667		0.4791666667		0.4791666667		0.4791666667		0.4791666667		0.4791666667

		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5		0.5

		0.5208333333		0.5208333333		0.5208333333		0.5208333333		0.5208333333		0.5208333333		0.5208333333		0.5208333333		0.5208333333		0.5208333333

		0.0416666667		0.0416666667		0.0416666667		0.0416666667		0.0416666667		0.0416666667		0.0416666667		0.0416666667		0.0416666667		0.0416666667

		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		0.0833333333		0.0833333333		0.0833333333		0.0833333333		0.0833333333		0.0833333333		0.0833333333		0.0833333333		0.0833333333		0.0833333333

		0.1041666667		0.1041666667		0.1041666667		0.1041666667		0.1041666667		0.1041666667		0.1041666667		0.1041666667		0.1041666667		0.1041666667

		0.125		0.125		0.125		0.125		0.125		0.125		0.125		0.125		0.125		0.125

		0.1458333333		0.1458333333		0.1458333333		0.1458333333		0.1458333333		0.1458333333		0.1458333333		0.1458333333		0.1458333333		0.1458333333

		0.1666666667		0.1666666667		0.1666666667		0.1666666667		0.1666666667		0.1666666667		0.1666666667		0.1666666667		0.1666666667		0.1666666667

		0.1875		0.1875		0.1875		0.1875		0.1875		0.1875		0.1875		0.1875		0.1875		0.1875

		0.2083333333		0.2083333333		0.2083333333		0.2083333333		0.2083333333		0.2083333333		0.2083333333		0.2083333333		0.2083333333		0.2083333333



Room

Water

#REF!

Absorbant

#REF!

#REF!

Ta S

Top Cover

#REF!

#REF!

Time of the day

Temperature (ºC)

25.8

27

1

26

1

1

28

26.5

1

1

26.1

29

26

34

28.5

27

33

27

43

29

28.5

40

33

45

32

29

46

37

48

35

29.3

48

41

48

37.5

30.5

52

46

54

39

31

55

52

58

40.5

32

56

55

61

42

32.4

56

58

63

43

32.7

56

58

60

44

32.9

56

58

60

42

33.5

54

57

58

41.5

34.2

51

56

57

40

33.2

47

54

55

39

32

46

52

51

38

30

43

50

49

36



1D

		Time		Room		Water		Air		Absorbant		Top Cover

		9:00		25.8		27		28		26		26.5

		9:30		26.1		29		34		26		28.5

		10:00		27		33		43		27		29

		10:30		28.5		40		45		33		32

		11:00		29		46		48		37		35

		11:30		29.3		48		48		41		37.5

		12:00		30.5		52		54		46		39

		12:30		31		55		58		52		40.5

		1:00		32		56		61		55		42

		1:30		32.4		56		63		58		43

		2:00		32.7		56		60		58		44

		2:30		32.9		56		60		58		42

		3:00		33.5		54		58		57		41.5

		3:30		34.2		51		57		56		40

		4:00		33.2		47		55		54		39

		4:30		32		46		51		52		38

		5:00		30		43		49		50		36

		5:30		29.3		42		47		49		34

				30.5222222222		46.5		51.0555555556		46.3888888889		37.0833333333





1D

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0



Room

Water

#REF!

Absorbant

#REF!

#REF!

Ta S

Top Cover

#REF!

#REF!

Time of the day

Temperature (ºC)

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1366108409.xls
Chart1

		0.3958333333

		0.4166666667

		0.4375

		0.4583333333

		0.4791666667

		0.5

		0.5208333333

		0.0416666667

		0.0625

		0.0833333333

		0.1041666667

		0.125

		0.1458333333

		0.1666666667

		0.1875

		0.2083333333



E (S)

Time of the day

Instantaneous efficiency (%)

3.1728642524

6.4564098159

11.3413020085

16.8257952777

23.9692616293

29.0598781993

32.7093460199

37.2742574344

38.9134756242

44.064738737

44.7617926066

40.5726893374

38.5463673635

36.5017339643

42.833667407

46.5353423681



2  d

		

				Time		E (S)

				9:30		3.1728642524

				10:00		6.4564098159

				10:30		11.3413020085

				11:00		16.8257952777

				11:30		23.9692616293

				12:00		29.0598781993

				12:30		32.7093460199

				1:00		37.2742574344

				1:30		38.9134756242

				2:00		44.064738737

				2:30		44.7617926066

				3:00		40.5726893374

				3:30		38.5463673635

				4:00		36.5017339643

				4:30		42.833667407

				5:00		46.5353423681

				5:30		75.9440731543

						30.8461826278





2  d

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



&A

Page &P

E (S)

Time of the day

Instantaneous efficiency (%)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1366108681.xls
Chart3

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		9		9

		10		10



With LHTESS

W/O LHTESS

Number of Days

Water Collection (Kg)

2.517

1.929

2.502

1.725

2.485

1.517

2.535

1.538

2.402

1.305

2.504

1.384

2.672

1.547

2.609

1.658

2.324

1.32

2.517

1.441



1D

		Day		With LHTESS		W/O LHTESS				With PCM

		1		2.517		1.929

		2		2.502		1.725

		3		2.485		1.517

		4		2.535		1.538

		5		2.402		1.305

		6		2.504		1.384

		7		2.672		1.547

		8		2.609		1.658

		9		2.324		1.32

		10		2.517		1.441

		11		1.912		1.912

		12		1.878		1.878

				2.40475		1.5961666667





1D

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



With LHTESS

W/O LHTESS

Number of Days

Water Collection (Kg)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1366113491.xls
Chart1

		1		1

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		9		9

		10		10

		11		11

		12		12



With LHTESS

W/O LHTESS

Number of Days

Efficiency (%)

30.58

34.26

31.2

34.89

31.24

35.42

31.49

34.67

31.62

35.56

32.17

34.51

31.2

35.59

30.14

34.81

31.2

35.29

31.52

33.94

31.21

34.19

30.87

35.29



1D

		Day		With LHTESS		W/O LHTESS								W/O PCM		With PCM

		1		30.58		34.26								1.84		2.478

		2		31.2		34.89								1.89		2.499

		3		31.24		35.42								1.918		2.5078

		4		31.49		34.67								1.899		2.489

		5		31.62		35.56				31.62				1.929		2.51

		6		32.17		34.51								1.91		2.49

		7		31.2		35.59		35.59						1.89		2.517

		8		30.14		34.81				30.14				1.768		2.498

		9		31.2		35.29								1.89		2.505

		10		31.52		33.94		33.94						1.921		2.428

		11		31.21		34.19								1.912		2.469

		12		30.87		35.29								1.878		2.505

				31.2033333333		34.8683333333								1.8870833333		2.4913166667





1D

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



With LHTESS

W/O LHTESS

Number of Days

Efficiency (%)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1366108302.xls
Chart1

		0.3958333333

		0.4166666667

		0.4375

		0.4583333333

		0.4791666667

		0.5

		0.5208333333

		0.0416666667

		0.0625

		0.0833333333

		0.1041666667

		0.125

		0.1458333333

		0.1666666667



E (S)

Time of the day

Instantaneous efficiency (%)

2.5959798429

4.2082199558

8.274332266

12.468799869

16.6108775565

19.8626461327

22.3877301647

27.3627813125

33.9794778481

41.6188319951

41.0031687999

45.4777209507

40.0864312861

47.6441390155



2  d

		

				Time		E (S)

				9:30		2.5959798429

				10:00		4.2082199558

				10:30		8.274332266

				11:00		12.468799869

				11:30		16.6108775565

				12:00		19.8626461327

				12:30		22.3877301647

				1:00		27.3627813125

				1:30		33.9794778481

				2:00		41.6188319951

				2:30		41.0031687999

				3:00		45.4777209507

				3:30		40.0864312861

				4:00		47.6441390155

						25.970081214





2  d

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



&A

Page &P

E (S)

Time of the day

Instantaneous efficiency (%)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1366107860.xls
Chart2

		0.375		0.375

		0.3958333333		0.3958333333

		0.4166666667		0.4166666667

		0.4375		0.4375

		0.4583333333		0.4583333333

		0.4791666667		0.4791666667

		0.5		0.5

		0.5208333333		0.5208333333

		0.0416666667		0.0416666667

		0.0625		0.0625

		0.0833333333		0.0833333333

		0.1041666667		0.1041666667

		0.125		0.125

		0.1458333333		0.1458333333

		0.1666666667		0.1666666667

		0.1875		0.1875

		0.2083333333		0.2083333333

		0.2291666667		0.2291666667



S.R

W.C

Time of the day

Solar Radiation (W/m2)

Water Collection (kg)

553.77

0

664.524

0.012

680.346

0.025

743.634

0.048

783.189

0.075

799.011

0.109

846.477

0.14

870.21

0.162

909.765

0.193

957.231

0.212

988.875

0.248

1028.43

0.262

1004.697

0.232

957.231

0.21

909.765

0.189

664.524

0.162

498.393

0.132

245.241

0.106



3 D

		

		Time		S.R		W.C

		9:00		553.77		0

		9:30		664.524		0.012

		10:00		680.346		0.025

		10:30		743.634		0.048

		11:00		783.189		0.075

		11:30		799.011		0.109

		12:00		846.477		0.14

		12:30		870.21		0.162

		1:00		909.765		0.193

		1:30		957.231		0.212

		2:00		988.875		0.248

		2:30		1028.43		0.262

		3:00		1004.697		0.232

		3:30		957.231		0.21

		4:00		909.765		0.189

		4:30		664.524		0.162

		5:00		498.393		0.132

		5:30		245.241		0.106

				783.6285		2.517





3 D

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



&A

Page &P

S.R

W.C

Time of the day

Solar Radiation (W/m2)

Water Collection (kg)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1366107879.xls
Chart1

		0.375		0.375

		0.3958333333		0.3958333333

		0.4166666667		0.4166666667

		0.4375		0.4375

		0.4583333333		0.4583333333

		0.4791666667		0.4791666667

		0.5		0.5

		0.5208333333		0.5208333333

		0.0416666667		0.0416666667

		0.0625		0.0625

		0.0833333333		0.0833333333

		0.1041666667		0.1041666667

		0.125		0.125

		0.1458333333		0.1458333333

		0.1666666667		0.1666666667

		0.1875		0.1875

		0.2083333333		0.2083333333

		0.2291666667		0.2291666667



S.R

W.C

Time of the day

Solar Radiation (W/m2)

Water Collection (kg)

506.304

0

609.147

0.009

751.545

0.018

806.922

0.038

901.854

0.064

941.409

0.089

973.053

0.11

988.875

0.126

988.875

0.154

925.587

0.179

878.121

0.208

822.744

0.192

664.524

0.172

648.702

0.148

490.482

0.133

363.906

0.121

276.885

0.096

229.419

0.072



3 D

		

		Time		S.R		W.C

		9:00		506.304		0

		9:30		609.147		0.009

		10:00		751.545		0.018

		10:30		806.922		0.038

		11:00		901.854		0.064

		11:30		941.409		0.089

		12:00		973.053		0.11

		12:30		988.875		0.126

		1:00		988.875		0.154

		1:30		925.587		0.179

		2:00		878.121		0.208

		2:30		822.744		0.192

		3:00		664.524		0.172

		3:30		648.702		0.148

		4:00		490.482		0.133

		4:30		363.906		0.121

		5:00		276.885		0.096

		5:30		229.419		0.072

				709.353		1.929





3 D

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



&A

Page &P

S.R

W.C

Time of the day

Solar Radiation (W/m2)

Water Collection (kg)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1366054821.bin

