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CHAPTER-1

INTRODUCTION

1.1  ENERGY SCENARIO


          The whole gamut of man’s energy needs is under review in the light of past follies and future realities.  New 
non-conventional energy sources are being thought of to augment the existing ones, and current patterns of energy use in various fields are under fire to stem the mounting tide of energy consumption.  The present crisis was long anticipated. It was predicted that most of the world’s conventional energy capital would be exhausted in the foreseeable future – half a century at the most.


Our nation is among the most favoured countries as far as solar energy is concerned, being right in the earth’s sun-belt which lies about 40ْْº either side of equator.  The sun belt may one day turn out to be the world’s Golden Belt, for it is said that regions out side the sun belt will always be at a discount in tracking advantage of this freely and abundantly available natural resource.  The integrated daily average of solar radiation on a horizontal surface in south India is 4.5 kwh/m2 with daily incidence on sunny days exceeding 7 kwh/km2(G.D. Rai-2001). For the whole India the total annual incidence of solar energy is of the order 
6x1017 kwh.  Surprisingly the countries most blessed with abundant supply of solar energy are the poorest.  In spite of the fact that a large number of people all over the world have made efforts to harness solar energy over the last 50 years, there is a visible impact of solar energy utilization on the total energy consumption spectrum.
1.2 SIGNIFICANT SOURCES OF ENERGY


The dominant role played by solar energy in the creation of all forms of fossil fuels and other sources of 
energy – except perhaps nuclear and geothermal –is worth noticing.  Fossil fuels like coal, oil and gas, fissionable materials like uranium and water for hydropower have been used so far for large scale power production.  Nevertheless, possibilities do exist for using the other sources also including solar energy, for large scale power production.

The following chart shows the sources of energy known to us today. 
[image: image2]
The significant non-conventional sources of

energy to meet even a fraction of man’s future energy needs are wind, tidal, geothermal, bio-mass, hydrogen and nuclear energy.

1.3 SOLAR ENERGY


Sun is a primary source of energy and all forms of energy on the earth are derived from it.  Solar energy with its endless origin and being free from pollution and its safety use may be the answer to the energy problems of the coming centuries.  It is also one of the intermittent forms of energy and therefore requires the methods of utilization, which are different from those of the conventional form of energy. [ Agarwal 1985]



India is blessed with ample amount of solar radiation.  The variation in the radiation is 4 to 6 kw/m2 per day.  Solar energy is available in varying degrees in every part of the world, unlike fossil fuels which are located in few regions only. Solar radiations are collected and concentrated with the help of solar collectors/concentrators.  The resulting heat may be used in various applications.  Solar energy utilization covers both direct and indirect applications (Mittal1997).
                    In principle, solar energy could supply all the present and the future energy needs of the world on a continuing basis. However, there are many problems associated with its use. The main problem is that it is a dilute source of energy and consequently large collecting areas are required in many applications, which results in excessive costs. 

                     If we make the solar energy as a target of day-to-day consumption of energy in various forms, at least 60% of our energy requirements shall come from solar energy sources. (Ghosh1997).
1.4 SOLAR ENERGY UTILIZATION



Broadly speaking three approaches have been followed in solar energy utilization.

1. Low grade thermal devices which use heat from the sun.

2. Direct conversion of solar energy into electrical energy.

3. Biological conversion of solar energy into transportable fuels.



Low grade thermal devices like solar cookers, water heaters, stills, refrigerators, space heating and cooling systems and solar pumps, make use of flat plate collectors or concentration systems to heat a working medium that performs the necessary function.  Focusing collectors use an optical system, usually a reflector which is glass, mirror, lens or metal. These are used in installations which require very high temperatures. Flat plate collectors absorb both direct and diffuse solar radiation and transfer heat to a fluid medium flowing through the collecting units.  Those collectors are less expensive and are used in appliances where lower temperature is required.  The efficiency of a collector depends on factors like thermal conductivity of the metal plate absorption and emission coefficients of the absorber and radiation loss.



Among the thermal application of solar energy one of the most important sector is cooking as half of the total energy utilized in developing countries is for domestic cooking.
Solar Cookers



Efforts to design and introduce solar cookers so far have mainly concentrated on two types of cookers-one based on a phase fixed collector and the other on a spherical or parabolic mirror.  The different types of cookers which are popularly in use are 

i) Kissan Cooker

ii) Box type cooker

iii) Geoff Arthur’s solar cooker 

iv) Solar cooker using water lens

v) Un broiler cooker

vi) Aluminum Solar cooker

vii) Solar cooker using spiral fresnel concentrator
i) Kissan Cooker



This is a simple device and made by digging on 2’x2’ pit in the ground and packed the sides of the pit by straw or paddy husk.  A tray is placed inside the pit with the cooking stuff in a vessel and cover it by a double glass cover and left in the hot sun for 3 to 4 hours.  If the condition of the weather is good the food will be cooked by this time.
ii) Box type cooker



This is a popular cooker with a single reflector.  It is a double walled insulated metal box, the inside painted with dull black paint.  A looking glass reflector is fitted to one side of the box in such a way to focus the sunlight inside the box.  Four or five vessels can be adjust inside the box.  The temperature inside the box reaches between100(C to 125(C and this is sufficient for cooking.

iii) Geoff Arthur’s Solar Cooker



It is built into parabolically curved sheet of metal, to which are attached small mirrors.  These mirrors focused the sun rays towards the centre of the box where the cooking vessel is placed.

iv) Solar Cooking using water lens



A horizontally hold polythene sheet supporting water over its surface deforms to a spherical curvature under the weight of the liquid and this acts as a convex lens. “The water lens” is claimed to be fairly efficient solar energy collector which uses the principle of refraction.

v) Um broiler cooker



The frame work of this cooker is similar to an umbrella frame, but covered with a metalised plastic film laminated to cloth.  The output of this cooker is 400 watts.  It is light in weight and easy to transport.
vi) Aluminum solar cooker



This is a reflector type direct solar cooker.  In the morning and noon water reached a higher temperature with in a shorter time than in the afternoon.  This was due to the gradual decrease in solar intensity and high average wind velocity and the resulting high surface losses from the utensil.

vii) Solar cooker using spiral concentrator



A simple light weight spiral shaped point focusing concentrator, developed at the Georgia Institute of Technology was used as a low cost heat source and with documented test results it is undoubtedly proved that the Fresnel cooker is more efficient than all other types of cookers.  Unfortunately these cookers did not find large scale acceptance. The main reasons of non-acceptance are social habits inherent drawbacks of solar cooking like intermittent and varying radiation and inadequate propagation.



It needs to be emphasized that solar energy can supplement conventional energy sources but cannot substitute them, indeed rational utilization of solar energy must rest on the identification of energy which in the total energy spectrum in which solar energy could fit best.  No doubt the dedicated work of our scientists and technological experts can completely transform the countries villages through solar energy utilization.  

1.5 OBJECTIVES

· To design, fabricate and analyse the efficiency of a Fresnel cooker with respect to a parabolic dish cooker and a commercial SK10 solar cooker.
· To develop and promote an efficient low cost alternate cooking device which is affordable to the low income group.

· To develop a cooker which can be constructed with little expense and minimum time.

1.6 SCOPE OF STUDY



The production and use of conventional energy pose a threat to the environment particularly in relation to climate change.



Efficient use of solar energy would reduce our dependence on non-renewable sources of energy and make our environment clean and healthy.



Use of solar energy gives non-carbon or lower carbon in atmosphere which is a need to the long existence of the life in the earth.
1.7 CONCLUSION



Whatever be the policy frames that we formulate today and work on tomorrow, the accelerative thrust of the technological engine is bound to take the industrial man forward to greater glories.  In the energy context, taking forward will certainly not mean going backward to the coal and the cow dung, as many of us are opt to believe.  However well these fuels have served us so far, these after all are transient – fuels, which can provide no more than a fleeting answer to a growing crisis.  A civilization built on transient fuel can at best be transiting.  In order to build a stable civilization man will have to look for a stable source of energy.

CHAPTER 2

 REVIEW OF LITERATURE 

2.1 INTRODUCTION


In our country energy consumed for cooking shares a major portion of the total energy consumed in an year.  In villages 75% of consumption goes to cooking using a variety of fuels like coal, kerosene, cooking gas and fire wood.  solar cookers have a very relevant place in the present energy crisis. Various designs of solar cookers have been developed in our country.  Among these, parabolic designs are the most prominent, and considerable improvements and modifications have been made for its maximum efficiency. 

                In this chapter the work carried out in different aspects of different types of solar cookers with special reference to parabolic and Fresnel solar cookers is reviewed. 

2.2 TYPES OF SOLAR COOKERS

         
       The paper presented by Garg et al (1978) explains the comparative performance evaluation of five solar cookers.

                 Kulkarni (1978) gives an overall picture of different types of concentrating type solar cookers

                 A novel type of two stage non-focusing concentrator was developed by David Mills (1980).  The new concentrators used exceptionally little mirror, yet achieve concentration without diurnal tracking.  Optical efficiency is high and no moving parts are required except for a simple pivot and securing devices.

          
  Shirish Patel (1981) studied a mathematical model reflecting the solar cooker based on the results of trials.

          The paper presented by Mishra and Sabhermal (1982) explains the attempt towards calculating the thermal efficiency of a solar cooker.

           Garg and Sharma (1982) in their paper on “Enhancement of the concentration using simple multiple mirrors” explain how to increase the concentration ratio to obtain increased efficiency for the solar collector.

A mathematical modeling for a solar cooker with single 
glazing is given by Garg et al (1983) in their paper mathematical modeling of the performance of a solar cooker.
Chaim (1983) in this paper on planar concentrator for 
flat plate solar collectors provide an easy method for determining optimum reflector geometries for solar collectors.


The comparative study of three cookers parabolic, quasi-parabolic and solar oven was made by Brattle (1983).


 Olwi and Khalifa (1988) studied a portable solar oven using a vapour tight pot.  The oven performance is predicted for olive oil heating and water boiling tests.  The comparison with published experimental result showed that a considerable improvement of the oven performance can be achieved if the oven is made air tight.



 Rao et al (1989) studied the effect of elongation of rectangular apertures, provided with single booster mirror on the energy collection pattern.  Rectangular apertures with mirror boosters having higher specific energy collection were more efficient than that of similarly boosted square apertures.



Valizadeh and Mofatteh (1994) designed the fast response storage type cooker.  In this cooker high-quality and low-cost thermal insulation has been used.  It is capable of storing the solar energy during the day to facilitate cooking during the evenings and nights.



Phase change material storage unit for a solar cooker was designed and developed by Sharma et al (2000) to store solar energy during sunshine hours.  The stored energy is utilized to cook food in the evening.  Commercial grade acetamide is used as a latent heat storage unit.



The international standard procedure for testing solar cookers and reporting performance was given by Funk (2000).The paper presented by Swaminathan et al (2000) gives the salient features of solar cookers.  They constructed a focusing type, flat top type and combination type of solar cooker and tested.


Various types of box type solar cookers have been described by Hoda (1978). The appropriate technology development associates (India) have tested the various models and found that reflector type cookers are more effective.

                  The economic feasibility of using a box type solar cooker has been studied by Kandpal and Mathur (1986). They presented graphically the results of some typical numerical calculations.



 Channiwala and Doshi (1989) studied the heat loss coefficient of a box type solar cooker and make a correlation for top loss coefficient in terms of optical properties of cooker.


           Pejack (1990) studied the effect of different insulation materials of solar box cooker Kammen and Ford (1990) compared the box type solar cookers assembled from cardboard kit and plywood, and found that the cardboard cooker exhibits a higher temperature than plywood models.



The performance testing of box type solar cookers with different cooker vessel combination was carried out by Balasubramaniam et al (1990).  Thin walled cooking vessels had high thermal conductivity.  The performance of the cooker with stainless steel vessels would be slightly poorer than with black aluminum vessels.



Michel et al (1991) fabricated an advanced box-type solar cooker.  In this, the cooking vessel is fixed with a conductive glazing absorber plate to improve the thermal performance.  In outdoor tests, 5 l of water per square meter of opening surface can be brought to full boiling in less than one hour.


A low cost clay cooker was developed by AL-Saad and Jubran (1991).  The main feature of this cooker is that it is made of black stone as absorber plate so that it is possible to store solar energy and also enables late night cooking.



 Arora and Sharma (1993) encouraged the ‘Gosh type’ Solar cooker. Successful attempts have been made to build large cookers to cook up to 20-25 kg of food.  An electric booster has been selected for these cookers.



 Kumar and Kishore (1994) constructed and tested a single container circular box type solar rice cooker provided with a contoured reflector made up of acrylic mirror.



Subodh kumar (2004) studied the thermal performance of box type solar cooker using heating characteristic curves.  The investigation reveals that the pot water requires less time to reach certain temperature with an increase in solar radiation.



Mehmet Esen (2004) developed a new solar cooker with the help of vaccum tube collectors with heat pipes containing a refrigent as working fluid.  It took about 20-70 minutes for the cooking process in this novel cooker.



Negi and Purohit (2005) developed a box type solar cooker employing a non-tracking concentrator to enhance the solar energy availability.
2.3 PARABOLIC SOLAR COOKERS



A comprehensive study of the focusing solar cooker using paraboloidal reflecting concentrator was reported by Ghai (1953) and his associates.  One of the best known designs of the focusing solar cookers known as Wisconsin solar cooker (1951) used high impact polystyrene and metabolized mylar polyester film to form a reflector of 1.22 m diameter.



Duffie (1962) designed a moulded plastic reflector in the shape of paraboloid at the university of Wisconsin. Mohanlal Khanna (1962) analysed the possible supplement of solar cookers to conventional fuels while discussing the solar heating of vegetable oil.  The overall efficiency of 32 percent was reported.



 Lof (1963) analysed the heat distribution mechanism in cooking in an understanding way.



Sharafi (1967) conducted a study on radiant flux density distribution in the focal spot of a solar concentrator using calorimetric measurements.  It is convenient and it gives more accurate results.



Umarav et al (1972) developed a multipurpose portable cooker which could be used as tent or umbrella.

                  Krasina et al (1974) studied the precision of the reflecting surface of paraboloidal concentrators for different angular size of the radiation.

                  Zakhidov and Vainer (1974) studied the distribution of radiation produced by a parabolic concentrator source.



 Garg et al (1978) compared the performance studies of various types of solar cookers and concluded that the thermal performance of the paraboloid concentrator deteriorates too much at wind speed greater than 5km/h.



Srinivasan et al (1979) gives a simple technique of fabrication of paraboloidal concentrators.

                   Paraboloids of revolution over one meter in diameter have been designed by Bracewell and  Price (1981).  This cooker has been formed from flat sheets by inflation without the use of mould or temple. Quality is adequate for microwave use and for most high-concentration applications for focusing solar energy.



Nataraja Murthy (1981) studied a new paraboloidal solar stone for indoor cooking applications.  This cooker made of ordinary 3 mm Aluminum sheet reflector gave an output of 490 watts / 1.4 Sqm.



An improved and latest version of a portable, non-tracking flat box type solar cooker with one plane silvered glass mirror reflector is designed and developed by Agarwal (1981).  This cooker eliminates the use of glass mirror reflector, for effective utilization of sun rays by using two phase aluminized polyester film reflector, to cook the meals in summer and winter season and avoid the tracking requirements.



Grilikhes and Zaitsev (1983) studied multisectional plane foclines in solar concentrators.  The multisectional foclines yield the greatest gain when the degree of concentration is greater than 5.



Akhundov et al (1983) studied a solar tracking system for a thermo chemical reaction apparatus.  These solar tracking systems depends upon the position of the concentrator related to the sun, zenith and azimuth rotation of the concentrator.



Khalifa et al (1984) introduced the concept of insulated and vapour tight cooking pots to minimize heat losses.  Khalifa et al (1987) proposed a computer simulation model for concentrating type solar cooker which established a reasonable agreement with theoretical and experimental results.

                  Okeke and Elekalachi (1988) designed and constructed a conical parabolic concentrator using locally available materials. This concentrator yields a minimum temperature 40(C and maximum temperature 95(C above.



Solovenichik et al (1989) studied the technique for creating solar concentrators of a spherical shape.  They gave the procedure for manufacturing matrices with various a spherical surfaces, which makes it possible to produce high precision mollified concentrators.



Leonard (1989) conducted a various thermal test on parabolic concentrators. The tests provided data on concentrator performance and on operating experience that should be of value in developing concentrators with improved performance and reduced maintenance.

                    A solar cooker cum dryer was designed and developed by Pande and Thanvi (1989) in this unit optimum booster collector geometry has been considered in order to eliminate the requirement of sun tracking. Tilting arrangement also provided to capture more solar energy.



E.L-Kassaby (1990) designed and fabricated a parabolic square dish solar cooker.  This cooker can be used for water distillation as well as cooking in an isolated area.  Satisfactory agreements are obtained by comparing experimental and theoretical results.



Mullick et al (1991) identified a suitable thermal test for performance evaluation of a concentrating solar cooker. The performance curve may be used to predict the time required to boil the water.

                  A simple procedure was adopted by EL-Kassaby (1991) to predict the temperature of various components such as the pot, fluid air gap and cover of the collector system to collect the solar energy, a very simple design utilizing parabolic square design was also presented.



Subodh kumar  et al (1994) studied the effect of wind on thermal performance of a paraboloid concentrator solar cooker.  The time required to reach the pot water temperature of 95(C increases exponentially with the wind speed.



Nijegorodov et al (1994) developed a graphical method to estimate efficiency of a solar concentrator used for heating and boiling liquid.  This method is most applicable where it is not possible to measure the solar radiation.



Khonkar and Sajigh (1994) studied ray trace for compound parabolic concentrator.



The importance of long focal length parabolic reflectors was reported by Tabor (1996).  The problem of low altitude and the need for flat bottomed absorbers was also discussed.  The reflector mounting procedure and the assembling techniques were also presented.



Storeris Kalogirou et al (1996) constructed a low cost high accuracy parabolic trough.  The parabolic surfaces are made of fiber glass.  The accuracy of the surface depends on the mould.



Lars Broman and Arne Broman (1996) constructed  two different concentrating mirrors which resembled to parabolic reflectors were successfully used for cooking and baking purposes. 

                  Design and thermal analysis of two stage solar concentrator suited for combined heat transfer and thermo electrical power generation systems were presented by Siddig Omes et al (2000).



Rachel Oommen and Jayaraman (2001) have designed a parabolic concentrating collector to collect solar energy and to produce steam.  This cooker is used for water heating, steam cooking and sterilization.



Glen John Ston et al (2003) studied the optical performance of spherical reflecting elements with paraboloidal dish concentrator.  Its optical performance and manufacturing feasibility were also reported.

                 Hasan Huseyin Ozturle (2004) designed and fabricated a low-cost parabolic solar cooker.  The energy and energy efficiencies of this cooker is 2.8 – 15.7% and 0.4-1.25%.



Praveena (2005) has developed a solar dryer cum cooker with a booster mirror and this dual purpose device has been found highly efficient for cooking food and dehydrating fruits or vegetables.



Li-yum Zhu and Yun (2005) constructed a solar parabolic cooker for unattended cooking.  It cooks at constant power for two hours without any adjustment.  This cooker has very wide tolerance and can be made up of low grade materials.



Bernd Hafnel et al (2005) design and evaluated the thermal characterisation of solar cookers.  For more complex system, a computer program was developed and applied to solar cooker.
Ajay chandak et al (2006)  designed and  developed 

new solar cooker that can be mounted on the balconies and compared its performance with SK14 solar cookers.     


2.4 FRESNEL SOLAR COOKERS
                   E.D. Norman (1980) designed and constructed a Fresnel solar cooker.                           

                   Thaha et al (1988) were designed for a Fresnel reflector and the spiral concentrator was discussed evaluation of over all utilization efficiencies showed that the spiral concentrator comparer well with parabolic dish.


Mohammed Nurul Islam et al (1992) studied the thermal performance of linear Fresnel reflector solar concentrator using black liquid.  By using black liquid as a heat transfer fluid through a transparent glass absorber, the energy collection efficiencies are to 50 percent.

                   Steen blik (2002) modified the Norman’s Fresnel solar cooker using inexpensive materials.  In this, cooker temperature is very high in the focal region in the   order of 350(c. 

                   Sonune and Philip (2003) were designed and fabricated a Fresnel type domestic spherical concentrated solar cooker.  This cooker was capable of cooking food for a family of 4 to 5 persons. 



CHAPTER 3

MATERIALS   AND METHODS

3.1 INTRODUCTION
                      The energy crisis has forced man to exploit every conceivable source of energy. The sun’s energy being plentiful and readily available, we are now beginning to have a new look at this perennial source of energy. In a tropical country like India solar cooking appears to be the most attractive though some what challenging. Attempts for the development of solar cookers are greeted with enthusiasm because they hold promise of providing comfort for its use and viability. Some of the more attractive cooking devices are hot box, kissan cooker, steam cooker, flat top cooker, umbrella cooker, solar basket cooker, water lens cooker and Fresnel cooker. All these devices are functioning either by concentrating the beams at one point or by collecting the heat from solar radiations by using flat plate collectors.

                      Solar cookers employing paraboloid reflectors were developed during the fifties and sixties.  Several models of them have been fabricated and tested in many countries. The type that has received most attention and popularity is the Fresnel model. Taking into account the conditions of use and aiming at a reasonable span of life and adequate versatility, researchers have tended to favour Fresnel cooker with polished aluminum reflector. The reflector focuses the solar energy on a particular point where maximum heat is generated. The radiant heat so received is utilized for cooking. Figure 3.1 shows the principle of operation of this cooker. The maximum heat attainable and the concentration factor depends on the aperture size, reflectivity and accuracy of the contour surface. Thin polished aluminum sheets which are known to be very good reflectors are now commonly used  in the concentrating type cookers. Fixing on a suitable backing such as cardboard or a thin plywood sheet the ring shaped reflectors can be fabricated without much expense. The manufacture of a simple Fresnel’s cooker with little know how and relatively sophisticated techniques starting from a plane sheet of material is described below.

3.2 FABRICATION DETAILS

                In this case study a Fresnel’s cooker of radius 50cm has been selected. The materials used by the investigator for the fabrication of the device are given below.

Materials required

1. Wooden planks of size 50cmx10cmx1.5cm (8 pieces)

2. A wooden log of length 4 ½ meter, width 4.5 cm and thickness 3 cm 

3. 12mm plywood sheet of size 1mx1m (one number)

4. A cardboard sheet of size 1mx1m  (one number)

5. A glazed aluminum sheet of thickness 0.15mm of size 1mx1m (one  number)

6. Dull black paint – 50 ml 

7. An aluminum pipe of length 2m and diameter 1.5 cm 

8. 1״ and ½״ nails – 100 gms

9. A plastic wire of 1metre length
10. An aluminum cooking vessel

3.2.1 Preparation of the cooker frame

                 A finished wooden plank of size 50cmx10cmx1.5cm was taken from the collection of 8 pieces of the wooden planks and marked points at 8cm, 20cm and 35cm along any one of the sides with length 50cm from any of the eight corners. Then slanting steps with measurements as shown in Figure 3.2 were made on the plank. No slope is required for the first step of width 8cm. Similarly made steps with the same measurements and specifications on all the remaining seven planks. The surface of the steps should be even and the slope of each step should be the same. The durability of the frame depends on the quality of wood selected. For a pretty long life, some hard wood like teak, sal or patak may be used and for a short life span of three or four years planks of country wood are sufficient. The expense can be considerably reduced by using any soft wood planks.



The 1m x 1m plywood of thickness 12 mm was used as the base of the cooker. On this specified plywood marked the diagonals to get the centre and with this point as centre and radius 50cm a circle was drawn. By cutting along the marking the circular sheet was separated. Arranged all the eight smooth and well finished spokes like those in a cart wheel, on the circular sheet with the steps pointing upwards and touching the tips where the height is 4cm as shown in Figure 3.3. Then marked the position of each spokes on both sides of the circular base. After marking, each spoke was fixed one by one with nails from the back side and the spokes were then structurally firm and rigid on the base sheet.

3.2.2 Preparation of the reflector and the cardboard base

                   The 1x1 meter aluminum sheet of thickness 0.15mm and reflectivity 0.2 was taken and marked the centre. With this point as centre drew four circles with radii 8cm, 20cm, 35cm and 50cm. The sheet was carefully cut along the marked circles and thus got a circular sheet of 8cm radius and one circular ring of 12cm width and two other circular rings  with perimeter 220cm and 314.29cm with the same width of 15cm and were separated. Similarly the card board sheet with the same specifications and measurements was also cut and separated as mentioned for the aluminum sheet.

3.2.3 Fixing of the cardboard and the reflector on the frame

                    The circular cardboard sheet of 8cm was first fixed at the centre of the frame by nails. Then fixed the circular ring of 12cm width on the frame by nails followed by the other two rings according to its size. Radial cuttings were required on all the three rings to get perfect positioning and altogether getting a conical shape on fixation on the slanting steps. The surface of the cardboard should be even without any ups and downs any where and there should not be any bents or wrinkles. Similarly the reflector rings and the circular sheet was fixed exactly over the cardboard base by flat headed small nails as shown in Figure 3.4. Care should be made that all the nails are exactly on the spokes. The reflectivity and concentration are perfect if the aluminum sheet is free from any crease or ridge and the surface is clean without dust or moisture.

3.2.4 Preparation of the cooker stand

                       Two pieces of length 120cm and another with 60cm were cut and taken from the long reeper of 4.5m and made an isosceles triangle shaped base for the cooker stand as shown in Figure 3.5. Another piece of 100cm was taken from the remaining reeper and fixed perpendicularly by nails on a cross piece of 40cm connecting the two equal sides, a foot below the vertex. The perpendicular stand supported the cooker in a slanting position to track the sun. The position can be adjusted by increasing or decreasing the tilt angle for keeping the cooker in a slanting position on the stand. 

3.2.5 Preparation of the vessel arm

                         The vessel arm was an aluminum tube of 2 meter length and 1.5cm diameter. One end of the arm was flattened and made a slot to hold the vessel handle. The length of the arm from the perpendicular stand to the slot is 110cm and is resting in a groove of depth 5cm on the top of the vertical stand with stems on both sides. At this point two holes were drilled diametrically opposite sides on the arm. Two holes were also made on the middle of the stems in such a way that all the four holes, ie, two on the stems and two on the arm are in a straight line. The   arm was resting on the top of the stand by a long nail, inserting through the holes, acts as a pivot and holds the arm permitting free up and down movements. As the arm   is resting on this fixed nail there is no difficulty to adjust the position of the arm to get the focus on the vessel. On the other end of the arm a hole was made and tied a string inserting through the hole. The other end of the string was fixed at the vertex of the triangle base on a ‘u’ clamb as shown in the Figure 3.5. The position of the vessel arm was adjusted by tightening or loosening the string.
3.2.6 Preparation of the cooking vessel

               The utensil selected for the experiments was a cylindrical aluminum vessel of 8cm diameter, 8cm height and 1mm thickness with a lid coated with dull black paint of absorptivity 0.98 on the outer surface, leaving the bottom as it is to increase the absorption of heat.
               The investigator has put in maximum effort in self fabricating the Fresnel cooker except the step cutting of the wooden spokes.

3.2.7 Operation of the cooker

                   The mechanically completed and structurally rigid cooker was mounted on its stand facing the sun. The cooking vessel with its content was hanged on its handle. The elevation of the vessel was adjusted by loosening or tightening of the handle string. When the principal axis points directly towards the sun, a bright spot appears on the bottom of the vessel and this gives the conformation that the vessel is exactly on the focal point and started operation. For long duration of cooking the cooker has to be adjusted every 10 or 15 minutes to follow the sun. If a lower heat is required the elevation of the vessel may be increased to get out of focus by tightening the string on the arm. The cooker should never be left out in rain. Periodical cleaning of the reflector by a soft cloth is required to get good performance.

3.3  ESTIMATION OF COST

            The total amount required for the construction of a Fresnel type solar cooker and cost of each component is given below.

	SI.NO.
	ITEM
	UNIT
	QTY.
	COST 

Rs.

	1
	1/2״plywood of size 1m x 1m
	meter
	1m2
	288

	2
	0.15mm aluminum sheet of size 1m x 1m
	meter
	1m2
	245

	3


	Wooden planks of size 50cm x 10cm x 1.5cm
	No
	8
	50

	4
	A wooden reeper of 4 ½ m x 6cm x 4 cm
	No
	1
	35

	5
	A Cardboard of size 1m x 1m
	meter
	1m2
	28

	6
	Dull black paint
	ml
	50
	8

	7
	A 2 m aluminum   pipe of diameter 1.5 cm
	m
	2m
	25

	8
	½( and ¼( nails
	gm
	100
	4

	9
	A Plastic string
	meter
	1
	2

	10
	A Cooking vessel
	No
	1
	15

	11
	Labour charges
	No
	1
	200


         Total Rs.    900.00   

3.4 Theory and principle



Parabolic solar cookers can normally collect only the beam component of solar radiation since only the direct solar rays which can be reflected and concentrated to the focal point.  Predominantly sunny skies are required for satisfactory operation, of these types of cookers.  Any shade caused by passing clouds, trees or other obstructions adversely effect the performance of the solar cookers.



These cookers direct intercepted solar radiation to its focal point.  The cooking utensil is usually supported at the focus in such a way that a major part of the reflected radiation is incident on the bottom of the vessel, thus creating a heating situation which is very similar to traditional open fire cooking.  These cookers require frequent orientation towards the sun, usually every 10 to 15 minutes so that the focus of concentrated radiation is maintained on the cooking pot.



A fresnels solar cooker of the parabolic type can be defined by its aperture diameter D, rim angle ( and absorber shape and size.  The rim angle ( of a parabola is related to its aperture diameter D and focal length F by the well known relation, D=4Ftan(. The geometrical concentration ratio C or the radiation balance is a characterizing parameter for a solar concentrator and is defined as the ratio of the collecting aperture area Ac to the absorber area Aa.



The performance of parabolic solar cookers such as parabolic dish or fresnel’s type depends mainly on two parameters 
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.  The optical efficiency factor defines the theoretical upper limit of the overall efficiency of the concentrator solar cooker.  It relates to the perfection of reflector, surface area, its reflectance, absorptence of the outer surface of the cooking pot etc.  The heat losses from a paraboloidal concentrated solar cooker primarily depends upon the pot water temperature, wind speed, surface area of the cooking pot and orientation of the reflector.  The proposed test for finding the important parameters characterizing the cooker performance are a water heating test in clear sunshine and a water cooling test in absence of sunlight.  The results of the tests can be analysed to find optical efficiency 
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3.4.1 The Cooling Curve



Analysing time interval during cooling of water, the time taken 
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  , for a fall of water temperature 
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= rate of heat loss from the pot

Aa 
= the surface area of the pot
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= the heat exchange efficiency factor
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= Overall heat loss factor of pot

Ta
= Ambient air temperature

(MCw)= The product of mass of water taken and its specific heat


[image: image13.wmf]'

)

(

w

MC

= The heat capacity of the pot.



Assuming that the heat loss factor 
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and ambient temperature 
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 are constant during the cooling test, Eq. (3.1) can be integrated over the time interval 
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Where
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It may be seen that the temperature difference 
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[image: image23.wmf]0

t

t

=

. Thus 
[image: image24.wmf]0

t

 is the time constant for cooling and can be found from the cooling curve (figure-4.8, 4.9, 4.10).  It can also be found from a semi-log plot of the variation of water temperature with time, the slope of which gives the value of 
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3.4.2 The Heating curve



During the sensible heating of water, the time taken 
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Where,
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= the rate of useful heat gain by water,
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= the optical efficiency,
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= the beam insolation 
Ta
= Ambient temperature
Ac
= Aperture area of the reflector
Aa
= Absorber area of the cooker.
          
The Ambient temperatures are constant over a certain interval of time, 
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Where 
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is the time constant obtained from the cooling curve and C is the ratio of aperture area of the cooker to the pot surface area 
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. Eq.(3.7) shows the dependence of time
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 can be determined from the following expression obtained from Eq. (3.7).
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   Where C is the ratio of aperture area of the reflector Ac and 
the absorber are of the vessel Aa.


  The values of 
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can be obtained from the sensible heating curve by applying Eq.(3.9) over small time intervals.



Using 
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it is possible to approximately, predict, the sensible heating period of the cooker under any given climatic conditions 
[image: image43.wmf](

)

a

b

T

and

I

. The time for sensible heating of water from ambient temperature upto 100ºC,   can be obtained by rewriting Eq. (3.8) as 
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         Where 
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is the time taken for boiling water from ambient temperature.

A plot of 
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could be referred to as the characteristic curve of the cooker.
Overall efficiency

The overall efficiency 
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of the concentrator cooker is given by the relation.

                        
[image: image49.wmf](

)

)

(

)

(

1

2

1

2

'

t

t

I

A

Tw

Tw

Mc

b

c

w

-

-

=

h



[image: image50.wmf](

)

(

)

(

)

1

2

1

2

t

t

I

A

Tw

Tw

S

M

S

M

b

c

a

a

w

w

-

-

+

=

h

----------------(3.11)

3.4.3 Cooking power

Solar cookers are often used by not so well educated persons and hence testing of solar cookers are to be looked into carefully.  The international standard test recommended by Funk et al (2000) which is a standard universal test is adopted to arrive at the cooking capacity and cooking power by the expression,  
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where P is the cooking power,  Tw1 and Tw2 are the initial and final water temperatures and  
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is the product of mass and specific heat capacity (4190J/Kg/k) of water.

3.4.4 Standardising the cooking power

Cooking  power is standardized in order to facilitate the  comparison of results from different dates. For each interval cooking power is corrected to a standard insolation of 700 w/m2 multiplied by observed cooking power and then dividing it by average insolation recorded during the corresponding interval.

Hence Cooking power is standardised with the standard  insolation level of 700 w/m2  to reduce error due to fluctuations in the available insolation in the period of experimental study. So the  cooking power P is normalized to a figure of 700w/m2 by the same Eq. (3.12) (Kundapur Ashok 2006) such that 
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Where Ib.av is the average insolation for the time interval t. 

Chapter 4
Experimentation – Performance Analysis
Experiments for this study were conducted on the open terrace of the Physics Laboratory of Avinashilingam University, Coimbatore where the devices were positioned facing South East at the latitude 11000’N and Longitude 760 59’E. Observations were carried out on clear sunny days during  February to  May  2006 with each of the three cookers in turn. 
4.1 TESTING PROCEDURE

Before starting the experiments initial investigations are made for the constructed Fresnel cooker, readily available low cost parabolic cooker and factory made commercial SK10 parabolic  cooker  of the scheffler model and the findings are recorded below.     
	SI.No.
	Cooker

Specifications
	Fresnel Solar Cooker
	Low Cost

Parabolic

Cooker
	SK10  Solar Cooker

	1.
	Radius of the Cooker ( r)
	50.15
	49.9
	49.32

	2.
	Aperture area of the  concentrator cooker (Ac)
	0.790 m2
	0.784 m2
	0.764 m2

	3.
	Rim angle of the Cooker (β)
	26.4º
	56.9º
	55º

	4.
	Focal length of Cooker (F)
	57 cm
	20 cm
	21 cm

	5.
	Concentration ratio (C)
	11.82
	11.73
	11.49


Specification of the Cooking vessel


1. Mass of the cooking vessel

-
Ma
-    125 gm

2. Absorber area of the cooking vessel
-
Aa
-    0.0669 m2
3. Height of the vessel



-
h
-    6 cm

4. Radius of the vessel



-
r
-    7.75 cm



All the three cookers are parabolic in shape having more or less same diameter and the reflectors of Fresnel and low cost dish cooker are made of low cost aluminum of low reflectivity where as the reflector of commercial SK10 cooker is anodized aluminum of  better reflectivity.  

         As a second step the parabolic cookers were kept in the open sun and adjusted initially, with the reflector facing the sun in the south east direction.  From the geometry of the parabolic cookers, the focal points of the cookers were determined by the equation x2 = 4 fy where x is the radius of the parabolic surface and y is the semi latus-rectum and f is the focal length.  The focus of each cooker is also experimentally tested and confirmed by obtaining the bright spot due to concentrated flux of radiation on the bottom of the receiver kept at the respective focal length of each of the cookers.

A preliminary study of the meteorological parameters Ta, Ib and Uw was made to check the accuracy of the measuring instruments, such as thermometer, pyranometer and anemometer respectively.  The values are presented in Table-4.1.       

Since a parabolic concentrator reflects only the beam radiation Ib to the focus; the diffuse radiation Id and global radiation IT are measured using a pyranometer with and without a shade ring and the beam radiation Ib is calculated using the relation 
IT = Ib + Id.  the readings obtained in pyranometer in millivolts are converted into Watts/meter2 by the conversion equation 
1 mv = 1000 / 12.64 Watts/m2 where 12.64 is the conversion factor for the pyranometer used.

4.1.2
Stagnation test
The stagnation temperature is defined as the maximum plate temperature of the cooker that can be attained without any material (load) inside the cooker. As a first step a no load receiver pot was kept in the focal plane of the cooker. The Temperatures at different points such as top, bottom and side wall of the vessel are measured for every 10 minutes using uni-junction copper constantan thermocouple and a digital multimeter.  The wind velocity Uw, ambient temperature Ta and beam radiation Ib are measured at regular intervals of 15 minutes, care is being taken to maintain the absorber pot in the focal plane of the Fresnel cooker as the sun tracks its position.  The observations of the stagnation tests were administered for the other two cookers namely the low cost dish cooker, SK10 and the readings are recorded in Tables-4.2, 4.3 and 4.4 presented graphically in Figs.-4.4, 4.5 and 4.6. Observations on stagnation tests were also conducted in Fresnel cooker by insulating the receiver vessel with exposed bottom of the vessel by a glazed transparent cover to reduce the wind effects and to concentrate more solar radiation by greenhouse effect. The corresponding observations are recorded in Table-4.5.  Stagnation tests had been conducted for 10 days and the best of the observations alone was presented.
4.1.3 Heating process of known mass of water 


The cooking pot with one litre of water is placed at the focal point of each of the paraboloid cooker and exposed to the solar radiation.  Temperature of water, solar insolation, wind velocity and ambient temperature were measured at regular intervals of 15 minutes from 10.30 a.m to 3.30 p.m and the cooking power and its standardized values were calculated using equation (3.12) and (3.13) and are presented in Tables-4.6, 4.7 and 4.8.
4.1.4
 heating-cooling Test

The second test of the performance analysis was made as 

per the procedure of T.C.Kandpal (2000). The characteristic  features of paraboloid cookers are defined by him as optical efficiency  F’η0 and  heat loss factor F’Ul and 
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  time taken to boil water from ambient temperature, and the overall efficiency  η. 

The proposed tests to analyse the characteristic feature of the cookers viz the optical efficiency F’η0 and heat loss factor F’Ul are the water heating test and water cooling test.  For water heating test, the blackened aluminium pot containing 1 litre of water exposed to solar radiation is positioned on the focal point of  the Fresnel cooker first, such that the  bright spot falls on one extreme edge of the bottom of the pot kept at the focal plane. Temperatures of the water and other meteorological parameters are measured in regular intervals of 10 minutes, till the bright spot reaches the other diametrically opposite edge.  During this stage water is boiled in each cooker at different maximum temperatures depending on the available solar insolation. In a similar way heating, cooling tests were carried out in the other two cookers also for another 10 days separately. For cooling test concentrator is shielded off with a white opaque cloth and the rate of fall of temperature of water is noted in the same intervals of time until the temperature falls to the ambient temperature.  The observations were carried out on a number of days for the three cookers (Fresnel, low cost parabolic solar cooker, SK10 solar cooker) separately on different days and the best observations obtained for each cooker are recorded in Tables-4.9, 4.10 and 4.11.
The readings of the sensible heating-cooling test were used to analyse the performance of the concentrators by calculating the optical efficiency F’η0 and heat loss factor F’UL for each cooker from a plot of (Tw – Ta) versus time of the day in hours  as shown in Figs.-4.8, 4.9 and 4.10.

4.1.5
Cooking Tests

Cooking tests were conducted for quite a large number of 
days to know the cooking efficiency of the three cookers with different food stuff such as rice, dhal, egg and vegetables with sufficient water.  Care is also taken to track the cooker to follow the azimuthal orientations to concentrate more solar radiation Ib. The temperature of the food before and after cooking are observed and recorded. The time taken for different cooking stuff are also observed. The observations carried out on each food stuff with each cooker separately on different sunny days are presented in 
Tables-4.16, 4.17 and 4.18. It is clear from the tables that 250 gm of boiled rice was well cooked in 45 minutes in Fresnel cooker, 40 minutes for low cost parabola and 30 minutes for SK10 solar cooker. 150 gm of dhal is cooked in 55 minutes in Fresnel cooker, within 50 minutes in Low cost parabolic cooker and 45 minutes in SK10 solar cooker. 2 eggs were boiled in 20 minutes in Fresnel 

cooker, 15 minutes in Low cost parabolic cooker and 10 minutes required for SK10 solar cooker.  50 gm of carrot was cooked with in 20, 15, 10 minutes in Fresnel cooker, low cost parabolic cooker and SK10 solar cooker respectively.  The observations of the cooking tests are presented in Table-4.19. The cooking time consumed by different cooking stuff are depicted in the histogram Fig. 4.19.

SAMPLE CALCULATIONS
I) FRESNEL COOKER
1. Heat loss factor:
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2. Optical Efficiency 
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II) LOW COST PARABOLIC COOKER

1. Heat loss factor:
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III) SK10 SOLAR COOKER

1. Heat loss factor:
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CHAPTER 5

RESULTS AND DISCUSSION
5.1 INTRODUCTION
The modified low cost parabolic concentrator of the Fresnel type is fabricated and it is a simple device to convert solar energy in to heat energy and is finally used to cook different food stuff.

Parabolic cookers are generally thermally evaluated by finding 

i)
No load stagnation temperature attained by the cooking zone

ii)
The time required for boiling a known mass of water

iii)
The cooking time required for different food stuff and 

iv)
The optical efficiency factor and heat-loss factor from a 
         heating- cooling test.

In the present, study, the thermal performance of a self fabricated low cost parabolic cooker of the fresnel’s model is compared with that of a low cost parabolic dish cooker and of a commercial parabolic SK10 solar cooker. The prime aim of the study was to fabricate a low cost Fresnel’s parabolic cooker and to find out whether low cost parabolic cookers can give out an equivalent performance to a commercial type parabolic cooker of same dimension made of high quality materials, and if so low cost cookers which can be fabricated with little skill and simple techniques may be popularized.

5.2 Thermal Performance analysis


The selected cookers are parabolic type concentrators of more or less same aperture area. The cooker specifications and the vessel specifications are given in chapter 4.

On-sun tests carried out for the selected designs are

1. No load stagnation test

2. Time- temperature profile for heating 1kg of water.

3. Water heating- cooling test

4. Cooking tests for different selected food stuff.

5.2.1 No load stagnation test


In the stagnation tests temperature on the lid, bottom, and side walls of the empty pot kept in the focus of each of the cooker were measured at regular intervals of 15 minutes from 11pm to 2pm, on different days and the best of the test results are presented in Tables-4.2, 4.3 and 4.4 and also in Figs.-4.4, 4.5 and 4.6. The test results show that temperature at the bottom of the cooking pot is substantially higher compared to that on the other dimensional position of the pot kept in the focal plane of each of the cooker. This clearly indicates that a situation similar to traditional open fire cooking is created in the focal plane of each cooker.

5.2.2 Effect of wind speed


To reduce the effect of wind speed the cooking pot is insulated except at the bottom by a glazed transparent cover leaving an air gap of 2.5 mm which is the optimum value for minimum heat loss between the pot and the cover and the stagnation test for the Fresnel cooker alone has been done. Test results recorded in Table-4.5 indicate that temperature is higher on all dimensions of the pot when insulated rather than in uninsulated condition. This clearly shows that uninsulated pot used in parabolic cookers is affected by the wind speed. 
5.2.3 Heating process of known mass of water


Time temperature profile obtained in heating 1 litre of water is used to calculate the cooking power of each of the cookers and there by standardizing the cooking power to a standard insolation. This facilitates the comparison of results on different days with different insolations. The cooking power and its standard value are computed for the heat gain of the water using Eq.(3.12) and (3.13) and are as shown in Tables-4.6, 4.7 and 4.8.The cooking power is a measure of cooking efficiency of each cooker. 

5.2.4 Heating- cooling tests


The performance of a paraboloid cooker depends upon the two parameters, optical efficiency and heat loss factor. The heating cooling test conducted with 1litre of water in the cooking pot carried out in the three cookers is explained in chapter 4.


During the heating test, the cooker pot is maintained at the focal plane of the cooker so as to make the bright spot to move diametrically across the bottom. This enables no adjustment of the cooker during the sensible heating until water attains the maximum temperature. When the water in the pot attained maximum temperature the cooling test is performed by shielding the cooker until ambient temperature reached. 


The observation of the heating cooling test carried out in fresnel solar cooker, parabolic solar dish cooker and SK10 solar cooker are recorded in Tables-4.9, 4.10 and 4.11 respectively. The temperature profile in these cases indicates that the differences in temperature measured at different points of the pot are small unlike the temperature difference at empty pot. Hence the heating cooling test is an amenable test. The temperature profile represented in Figs.-4.8, 4.9 and 4.10 records the time constant of 90 minutes for Fresnel cooker, 90 minutes for dish cooker and 100 minutes for SK10 cooker. The difference in time constant reflect on heat loss factor F’UL which mainly depends upon wind speed and other climatic parameters. 
5.2.5 Analysis of Heating-cooling curve


The two characterising factors- optical efficiency F’ηo and heat loss factor F’UL of a parabolic cooker are determined by the heating-cooling test. The optical efficiency F’ηo which is similar to first figure of merit in a box cooker is analysed by the heating test. The cooling test provided the overall heat loss factor F’UL which is similar to second figure of merit in a box cooker. Table-4.12 summarises comparative performance parameters of the selected cooker designs, also included are the values of 
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, overall efficiency and the time constant 
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o of each cooker.


Table-4.12 shows that the overall efficiency η obtained  from equation (3.11) for the fresnel cooker with an average insolation 763.66 w/m2 is 14.19% while that for dish cooker is 21.69% for an average insolation of 794.24w/m2 and for SK10  20.84% with an average insolation of 892.44w/m2. The low value of η for Fresnel cooker compared to other two cookers may attribute to the effect of wind and other climatic parameters, as the cooking pot was at a higher focal plane in Fresnel rather than that in the other two cookers.


The heat loss factor F’UL computed from Eq. (3.5) for each cooker presented in table-4.12 shows that F’UL for Fresnel’s cooker is 11.67 w/m2 and for parabolic dish cooker is 11.68 w/m2 whereas for SK10 it is 10.5 w/m2. All the three cookers produce heat loss factor with in a range of 10 to 12 enumerating that the performance of each cooker is almost the same. The heat loss factor F’UL primarily depends upon pot water temperature absorber area of the cooking pot, wind speed and orientation of the reflector.


The optical efficiency F’ηo  of each cooker is computed from sensible heating-cooling curves Figs.-4.8, 4.9 and 4.10 using 
Eq. (3.9) and the values are found to be 20.34% for Fresnel cooker, 24.68% for parabolic dish cooker and 24.28% for SK10 cooker as shown in the Table-4.12. Each cooker producing an overall optical efficiency more than 20% shows that cookers are performing well at the same rate.


The optical parameter F’ηo computed during the sensible heating period, as the bright spot moves across the bottom of the cooking pot is presented in Table-4.13. The plot of variation of F’ηo versus  time in Fig.-4.12 shows that the optical efficiency of each cooker increases as the bright spot moves to the centre and decreases as the spot moves away from the centre. Also average efficiency of F’ηo of each cooker from Fig.-4.12 is 20%, which is almost nearer to the value computed  by Eq.(3.9) and confirms the correctness of theoretical and experimental values.

5.2.6. Time constant and semilog plot


The time constant of each of the cooker is determined from the heating cooling curve, when the temperature difference (Tw-Ta) falls to 1/e of the initial value after a time 
[image: image119.wmf]t

=
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o and its value is found from Figs.-4.8, 4.9 and 4.10.
The value of 
[image: image121.wmf]t

o for each cooker is also found from the cooling curve in a semi logarithmic scale by applying the least square regression to the experimental points of ln(Tw-Ta) with time.  From the regressed values the intercept A, slope B and correlation coefficient δ of each cooker are calculated and shown in the 
Table-4.14.  The value of 
[image: image122.wmf]t

o is then computed from the inverse of the negative slope of each semilog plot and are also included in the same table.  However despite the expectation, values of 
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o from the experimental cooling curve and that from the semilog plot, are not in agreement, and this can be taken up in future research work.

The computation of 
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 from Eq.(3.10) are useful in predicting the sensible heating time under any given insolation Ib and ambient temperature Ta.  For this purpose, the variation of 
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 is calculated by using the optical efficiency F’η0 computed for each successive temperatures Tw1 to Tw2 with the corresponding average insolation and average ambient temperatures and a set of such computed values of 
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 for the observations carried out in the three cookers are presented in Table-4.15. In sample calculations presented, 
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t

 of Fresnel cooker is 46 minutes for an average insolation of 763.66w/m2 while that of dish cooker is 31 minutes for an average insolation of 797.24w/m2 and for SK10, 31 minutes with an average insolation of 892.44w/m2.

Characteristic curves of each cooker are obtained by plotting 
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 against the 
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 and are presented in Figs. 4.16, 4.17 and 4.18. These curves are useful in predicting the time for sensible heating from ambient temperature to boiling point for any set of values of beam radiation Ib and ambient temperature Ta.


The value of sensible heating time for all the three cookers computed from this curve for the average insolation and average ambient temperature of observations carried out for each cooker is in agreement with the value shown in the sample calculation.

5.2.7 Cooking tests


Cooking tests were performed to determine the cooking time of different food materials. The tests were done for a variety of food materials like cereals, pulses and vegetables with sufficient water. The time temperature observations of cooking are recorded in Tables-4.16, 4.17 and 4.18. A comparative study of cooking time for different food materials cooked in the three cookers are given in the Table-4.19 and are also compared in the Fig.-4.19. The cooking time depends on the efficiency of the cooker as is evident from the Table-4.19. The Fresnel cooker took longer time compared to other two cookers. In general all the observations done on Fresnel cooker reveals that the constructed cooker performance is satisfactory with in the constraints of fabrication and also in comparison with the dish cooker and SK10 solar cooker.  

CHAPTER-6

SUMMARY AND CONCLUSION



The research was conducted to design and develop a low cost Fresnel solar cooker and to compare its performance with another low cost parabolic solar dish cooker and also with an industrially made SK10 solar cooker.  The comparative study shows that the performance of Fresnel cooker is almost on par with that of the dish cooker and SK10 cooker. 

The fabricated Fresnel cooker can be constructed by 
any one with little skill and technology using low cost materials and hence it can be popularized in the community.
High lights of the study
1. The fabricated Fresnel cooker has an aperture diameter of 1m, a concentration ratio (c) of 11.82 with a rim angle (β) of 26.4ºand focal length of 57cm. Its optical and thermal performance have been compared with the other two parabolic cookers of almost same aperture diameter with foci 20 cm and 21 cm respectively.

2. The no load test result of high temperature gradients on different parts of the absorber vessel reveal that it is not a recommended test for parabolic cookers as the heat transfer is complex in this case.

3. The optical efficiency F’η0 of the three cookers are more or less same.

4. The heat loss factor of fresnel’s cooker was found to be 
11.67 w/m2 and for low cost parabolic dish cooker was 11.68 w/m2 and commercial SK10   solar cooker was10.5 w/m2.

5. Theoretically F’UL is a function of wind velocity and in the period of experiments conducted, the wind velocity varied from 0.1 to 1.4 m/sec.
6. The optical efficiency depends on the amount of insolation focused to the bottom of the cooking pot.

7. The value of 
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 for each cooker is found from the sensible heating under any given beam insolation and ambient temperature.

8. The plot of 
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  with 
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 gives the  performance characteristic curve of each cooker. These curves are useful in predicting the time for sensible heating from ambient temperature to boiling.

9. Cooking time taken for different food stuff in Fresnel and Parabolic dish cookers is more than that of SK10 solar cooker. This is due to the poor reflectivity of the low cost aluminum sheet used in them.
10.The test data obtained in comparative performance show 

      that cookers with reflectors of better reflectivity and high 

      quality are slightly better than cooker with reflectors of poor 

      reflectivity. Moreover the performance is also affected by  

      the climatic parameters.

OUTCOME

The main outcome of the present study is that the constructed low cost Fresnel cooker has an equivalent performance of low cost parabolic dish cooker and commercially made SK10 solar cooker.  So low cost, cookers can also be popularized.
LIMITATIONS

1. The parabolic cookers are not advisable to be used in windy areas as the heat loss factor is more.

2. The parabolic cookers need frequent tracking.

3. Focused radiations in parabolic cookers may be protected from eye and body.

INFERENCES FOR FUTURE EXPLORATION

1. To enhance the absorption of radiation by the cooking pot, it can be selectively coated.

2. Cooking pots of different shape, size and material can be tried to study the effect on the performance of the cooker.

3. The effect of various reflectors, such as aluminum Mylar, polyester film or small mirror strips can be used on the reflector surface.

4. Study of frequency, stationary or adjusted mode of operation and the extent of adjustment can be explored.
5. Study on the determination of various tilt or orientation for optimum concentration can be made.

6. Impact of changing glazing, absorber coatings, bottom and side insulation on the cooking pot, on the characterizing parameters   
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  can   be studied. 

7. The values of 
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 can be theoretically deducted for the given design specifications and its comparison with experimental values can be studied.

CONCLUSION
The total performance of the self fabricated Fresnel cooker is more or less equal to that of a low cost parabolic cooker and a commercially made SK10 cooker.  Its efficiency can still be increased by using reflectors of better reflectivity.  From the measurements made on the performance of the fabricated Fresnel parabolic cooker, it is found to be efficient in sunny days and moderately efficient in cloudy days and hence suitable for tropical countries. The other added benefits are, it is light in weight, simple in construction, easy in handling, convenient for transportation, involves less initial cost with negligible maintenance and all the more it is wholly indigenous which can be manufactured by using low cost materials and little talent. No doubt, the benefit derived from this model is the need of the time and can bring a revolutionary change in village life and the dream of rural development can be made realistic to a certain extent.
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PLATE-1

ASSEMBLING OF THE SPOKES FOR FRESNEL COOKER
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PLATE-2

ARRANGEMENT OF CARDBOARD SHEET ON THE SPOKES
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PLATE-3


 FRESNEL’S SOLAR COOKER.  EACH CONCENTRIC RING IS SLIGHTLY ELEVATED FROM ONE BEFORE IT
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PLATE-4

COOKER STAND WITH ARM AND VESSEL
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PLATE-5

LOW COST PARABOLIC DISH COOKER

[image: image142.png]



PLATE-6

COMMERCIAL SK10 SOLAR COOKER
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PLATE-7


 FRESNEL COOKER WITH INSULATED POT
	S.No
	Time
	Pot temperature in ˚ C
	Ambient temperature in TaºC
	Wind velocity  Uw m/sec    
	Pyranometer readings

mv
	Solar Insolation Ib w/m2

	
	
	Top Tt
	Bottom Tb
	Side wall Ts
	
	
	
	

	
	
	
	
	
	
	
	IT  
	Id 
	Ib
	

	1
	11.00
	30
	28
	24
	30
	0.5
	9.6
	1.2
	8.4
	664.55

	2
	11.15
	31
	35
	34
	31
	0.9
	12.6
	2.1
	11.5
	909.81

	3
	11.30
	35
	43
	38
	32
	0.5
	17.2
	2.4
	14.8
	1170.88

	4
	11.45
	33
	40
	36
	31
	0.1
	11.2
	1.1
	10.1
	1799.05

	5
	12.00
	47
	62
	52
	32
	0.3
	13.7
	1.4
	12.3
	988.92

	6
	12.15
	41
	58
	45
	32
	0.1
	11.6
	1.1
	10.5
	830.69

	7
	12.30
	46
	64
	51
	33
	0.2
	15.7
	2.3
	13.4
	1060.12

	8
	12.45
	50
	70
	58
	32
	0.1
	14.8
	2
	12.8
	1012.65

	9
	1.00
	56
	74
	67
	31
	0.4
	12.7
	1.3
	11.4
	901.89

	10
	1.15
	61
	82
	78
	30
	0.2
	11.5
	1.3
	10.2
	806.96

	11
	1.30
	58
	80
	74
	31
	0.5
	11.6
	1.5
	10.1
	799.05

	12
	1.45
	69
	89
	84
	32
	0.8
	10.8
	1.2
	9.6
	759.49

	13
	2.00
	78
	98
	90
	30
	0.5
	10.7
	1.3
	9.4
	743.67

	14
	2.15
	73
	95
	87
	30
	0.1
	14.2
	1.8
	12.4
	981.01

	15
	2.30
	70
	90
	82
	31
	0.6
	14.3
	2
	12.2
	965.19

	16
	2.45
	74
	84
	85
	30
	0.8
	13.6
	2.1
	11.7
	925.63

	17
	3.00
	66
	76
	77
	32
	0.3
	12.4
	1.9
	10.9
	862.34

	18
	3.15
	60
	62
	66
	33
	0.2
	11.4
	1.5
	10
	791.14

	19
	3.30
	62
	58
	60
	30
	0.5
	10.2
	1.4
	9
	712.02

	20
	3.45
	52
	49
	50
	32
	0.1
	10
	1.2
	9
	712.02

	21
	4.00
	45
	44
	46
	30
	0.8
	9.4
	1
	8.4
	664.55

	TABLE 4.2

	NO LOAD STAGNATION TEMPERATURE TEST IN FRESNEL SOLAR COOKER

	
	
	
	
	
	
	
	
	
	                                                                                                                        Date: 20.02.2006
	


	TABLE - 4.3

	NO LOAD STAGNATION TEMPERATURE TEST IN LOW COST PARABOLIC DISH       COOKER                                         

                                                                                                                                          Date: 22.02.2006          

	S.No.
	Time
(Hrs)
	Pot Temperature 
in 0C
	Ambient Temperature in 
(Ta) 0C
	Wind Velocity
Uw  m/sec.
	Pyranometer readings

mv
	Solar Insolation

Ib
w/m2

	
	
	Top
Tt
	Bottom
Tb
	Side 
Wall Ts
	
	
	
	

	
	
	
	
	
	
	
	IT
	Id
	Ib
	

	1
	11.00
	44
	46
	41
	33.2
	0.2
	10.6
	1.4
	9.2
	727.85

	2
	11.15
	45
	48
	43
	33.4
	0.4
	11.0
	1.6
	9.4
	743.67

	3
	11.30
	59
	64
	48
	33.8
	0.3
	11.4
	1.7
	9.7
	767.41

	4
	11.45
	52
	68
	50
	33.6
	0.4
	11.8
	1.8
	10.0
	791.14

	5
	12.00
	59
	72
	54
	33.1
	0.5
	12.2
	2.0
	10.2
	806.96

	6
	12.15
	54
	68
	51
	33.2
	0.8
	11.8
	1.8
	10.0
	791.14

	7
	12.30
	58
	72
	53
	33.4
	1.2
	12.0
	1.8
	10.2
	806.96

	8
	12.45
	59
	79
	55
	36.3
	0.7
	12.4
	1.9
	10.5
	830.70

	9
	1.00
	60
	85
	61
	36.5
	0.5
	12.8
	2.0
	10.8
	854.43

	10
	1.15
	68
	92
	64
	37.2
	0.5
	12.7
	2.0
	10.7
	846.52

	11
	1.30
	64
	94
	62
	37.3
	1.8
	12.6
	2.0
	10.6
	838.61

	12
	1.45
	70
	96
	68
	37.8
	0.4
	12.6
	2.0
	10.6
	838.61

	13
	2.00
	75
	88
	71
	36.5
	1.6
	12.4
	1.9
	10.5
	830.70

	14
	2.15
	79
	101
	77
	38.6
	0.1
	12.0
	1.8
	10.2
	806.96

	15
	2.30
	71
	93
	70
	37.5
	1.7
	12.0
	1.8
	10.2
	806.96

	16
	2.45
	63
	85
	61
	37.3
	0.6
	11.4
	1.7
	9.7
	767.41

	17
	3.00
	47
	77
	58
	38.1
	0.4
	11.1
	1.6
	9.5
	751.58

	18
	3.15
	46
	60
	52
	36.5
	0.6
	9.8
	1.2
	8.6
	680.38

	19
	3.30
	53
	57
	49
	33.0
	0.7
	10.2
	1.3
	8.9
	704.11


	TABLE 4.4

	NO LOAD STAGNATION TEMPERATURE TEST FOR SK10 SOLAR COOKER

	
	
	
	
	
	
	
	
	
	  Date: 15.03.2006

	
	
	
	
	
	
	
	
	
	
	 

	S.No
	Time
	Pot temperature in ˚ C
	Ambient temperature in Taº C
	Wind velocity  Uw m/sec    
	Pyranometer readings 

mv
	Solar Insolation Ib w/m2

	
	
	Top Tt
	Bottom Tb
	Side wall Ts
	
	
	
	

	
	
	
	
	
	
	
	IT  
	Id 
	Ib 
	

	1
	11.00
	47
	39
	42
	0.7
	29.4
	12.2
	1.2
	11
	870.25

	2
	11.15
	52
	55
	53
	0.5
	31.1
	13.7
	1.5
	12.2
	965.18

	3
	11.30
	55
	59
	58
	1.1
	31.7
	13.9
	1.6
	12.3
	973.10

	4
	11.45
	57
	64
	62
	0.1
	31.7
	14.4
	1.7
	12.7
	1004.74

	5
	12.00
	61
	69
	65
	1.6
	30.5
	14.5
	1.4
	13.1
	1036.39

	6
	12.15
	65
	72
	70
	0.4
	31.4
	14.6
	1.8
	12.8
	1012.65

	7
	12.30
	70
	78
	74
	0.1
	32.1
	15
	1.9
	13.1
	1036.39

	8
	12.45
	78
	89
	85
	0.9
	31.9
	15
	2
	13
	1012.65

	9
	1.00
	84
	97
	90
	1.5
	31.8
	14.9
	1.8
	13.1
	1036.39

	10
	1.15
	93
	118
	110
	1
	32.3
	14.1
	1.2
	12.9
	1028.48

	11
	1.30
	91
	112
	102
	1.8
	33.1
	14.5
	1.9
	12.6
	1036.39

	12
	1.45
	88
	104
	99
	1.2
	33.3
	13.9
	1.6
	12.3
	1020.56

	13
	2.00
	84
	98
	96
	0.2
	34.1
	13.3
	1.1
	12.2
	996.83

	14
	2.15
	80
	90
	87
	0.8
	33.2
	13.4
	1.4
	12
	973.10

	15
	2.30
	76
	86
	84
	0.1
	33.7
	13.3
	1.8
	11.5
	965.18

	16
	2.45
	73
	82
	78
	2.7
	31.6
	13
	1.7
	11.3
	949.36

	17
	3.00
	70
	78
	74
	0.1
	32.6
	11.9
	1.5
	10.4
	909.81


	TABLE 4.5

	NO LOAD STAGNATION TEMPERATURE TEST WITH INSULATED POT IN FRESNEL SOLAR COOKER

	
	
	
	
	
	
	
	
	
	Date: 26.02.06

	
	
	
	
	
	
	
	
	
	
	

	S.No
	Time
	Pot temperature in ˚ C
	Ambient temperature in Ta º C
	Wind velocity  Uw m/sec    
	Pyranometer readings

mv
	Solar Insolation Ib w/m2

	
	
	Top Tt
	Bottom Tb
	Side wall Ts
	
	
	
	

	
	
	
	
	
	
	
	IT  
	Id 
	Ib
	

	1
	11.00
	34
	32
	30
	31
	0.9
	10.4
	1.2
	9.2
	727.84

	2
	11.15
	42
	45
	41
	32
	0.6
	13.5
	1.6
	11.9
	941.45

	3
	11.30
	53
	56
	53
	33
	0.8
	15.4
	1.4
	14
	1107.59

	4
	11.45
	60
	64
	62
	333
	0.7
	16.4
	1.7
	14.7
	1162.97

	5
	12.00
	72
	78
	76
	34
	0.1
	16.2
	1.4
	14.8
	1170.88

	6
	12.15
	80
	83
	81
	35
	0.3
	17.4
	1.8
	15.6
	1234.17

	7
	12.30
	87
	92
	90
	36
	0.5
	16.4
	1.5
	14.9
	1226.26

	8
	12.45
	94
	98
	96
	35
	1.1
	17.1
	1.6
	15.5
	1036.39

	9
	1.00
	101
	109
	99
	35
	1.4
	14.3
	1.2
	13.1
	1329.11

	10
	1.15
	108
	115
	109
	36
	0.8
	18.4
	1.6
	16.8
	1281.64

	11
	1.30
	118
	125
	120
	34
	1
	18.3
	2.1
	16.2
	1313.29

	12
	1.45
	115
	120
	118
	33
	1.3
	18.4
	1.8
	16.6
	1115.5

	13
	2.00
	109
	112
	110
	33
	1
	15.4
	1.3
	14.1
	925.63

	14
	2.15
	99
	104
	100
	34
	0.8
	13.9
	2.2
	11.7
	862.34

	15
	2.30
	92
	98
	95
	32
	0.5
	12.7
	1.8
	10.9
	735.75


	TABLE 4.6

	HEATING PROCESS OF WATER IN FRESNEL SOLAR COOKER

	Mass of water – 1 litre
	
	
	
	
	
	
	
	
	
	           Date : 21.02.2006

	S.No.
	Time
	Plate temp in ºc
	Water temp in  Tw ºc
	Ambient Temperature
	Wind Velocity Uw in m/Sec
	pyranometer readings              mv
	Solar Insolation Ib  w/m2
	Cooking power

P

 watts
	Standardised Cooking Power

Ps 
watts

	
	
	Top Tt
	Bottom Tb
	Side Wall Ts
	
	
	
	IT
	Id
	Ib
	
	
	

	1
	10.30
	34
	30
	30
	32
	33.0
	0.4
	11.9
	1.2
	10.7
	846.51
	18.62
	15.84

	2
	10.45
	38
	36
	36
	36
	33.2
	0.3
	11.4
	1.3
	10.1
	799.05
	32.58
	27.33

	3
	11.00
	40
	42
	40
	43
	33.4
	1.6
	12.4
	1.4
	11.0
	870.25
	18.62
	14.84

	4
	11.15
	44
	46
	44
	47
	34.0
	2.1
	12.8
	1.6
	11.2
	886.02
	32.58
	25.07

	5
	11.30
	50
	53
	52
	54
	33.8
	0.3
	13.0
	1.2
	11.8
	933.54
	41.9
	31.28

	6
	11.45
	55
	59
	59
	63
	34.6
	0.3
	13.1
	1.2
	11.9
	941.45
	27.93
	20.42

	7
	12.00
	59
	64
	66
	69
	34.8
	0.2
	13.5
	1.2
	12.3
	973.10
	23.27
	16.60

	8
	12.15
	64
	69
	71
	74
	34.9
	0.4
	13.6
	1.1
	12.5
	988.92
	27.93
	19.85

	9
	12.30
	67
	75
	77
	80
	33.6
	1.4
	13.6
	1.2
	12.4
	981.01
	41.9
	30.01

	10
	12.45
	73
	81
	84
	89
	34.2
	0.3
	13.4
	1.1
	12.3
	973.10
	18.62
	13.67

	11
	1.00
	70
	78
	82
	85
	35.1
	0.4
	13.4
	1.6
	11.8
	933.54
	 
	 

	12
	1.15
	67
	74
	79
	80
	34.7
	0.9
	12.6
	1.4
	11.2
	886.09
	 
	 

	13
	1.30
	64
	70
	72
	74
	34.8
	0.8
	12.9
	1.3
	11.6
	917.72
	 
	 

	14
	1.45
	60
	65
	68
	69
	34.5
	0.3
	12.3
	1.1
	11.2
	886.07
	 
	 

	15
	2.00
	57
	60
	62
	63
	34.6
	0.6
	12.5
	1.4
	11.0
	810.25
	 
	 

	16
	2.15
	54
	57
	59
	60
	34.8
	0.7
	12.0
	1.3
	10.7
	846.51
	 
	 

	17
	2.30
	50
	53
	54
	55
	33.9
	0.9
	11.6
	1.2
	10.4
	822.78
	 
	 

	18
	2.45
	48
	50
	50
	51
	33.4
	0.4
	11.2
	1.1
	10.1
	799.05
	 
	 

	19
	3.00
	46
	48
	48
	49
	33.1
	0.3
	11.4
	1.6
	9.8
	775.31
	 
	 

	20
	3.15
	43
	45
	46
	45
	33.0
	0.2
	10.5
	1.2
	9.3
	735.75
	 
	 

	21
	3.30
	40
	42
	41
	41
	33.2
	0.1
	10.6
	1.1
	9.5
	725.35
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Mean=
	28.39
	21.49


	TABLE 4.7

	HEATING PROCESS OF WATER IN LOW COST PARABOLIC DISH COOKER

	Mass Of Water = 1 litre
	
	
	
	
	
	
	
	Date: 17.02.2006

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	S.No.
	Time
	Plate temp in ºc
	Water temp in  Tw ºc
	Ambient Temperature
	Wind Velocity Uw in m/Sec
	Pyranometer readings 

 mv
	Solar Insolation 

Ib  w/m2
	Cooking power 

P

 watts
	Standardised Cooking Power 

Ps
watts

	
	
	Top Tt
	Bottom Tb
	Side Wall Ts
	
	
	
	IT
	Id
	Ib
	
	
	

	1
	10.30
	47
	42
	40
	41
	32.3
	0.3
	12.4
	1.2
	11.2
	886.07
	23.27
	18.46

	2
	10.45
	53
	50
	50
	46
	32.8
	0.1
	12.5
	1.4
	11.1
	878.16
	27.93
	20.06

	3
	11.00
	57
	56
	54
	52
	33.1
	0.4
	12.4
	1.1
	11.3
	893.98
	37.24
	28.77

	4
	11.15
	60
	63
	60
	60
	33.3
	0.1
	13.1
	1.5
	11.6
	917.72
	37.24
	27.80

	5
	11.30
	66
	72
	70
	68
	33.6
	0.2
	13.4
	1.3
	12.1
	957.27
	37.24
	27.11

	6
	11.45
	72
	79
	78
	76
	33.7
	0.4
	13.7
	1.5
	12.2
	965.18
	37.24
	27.34

	7
	12.00
	78
	86
	84
	84
	33.2
	0.1
	13.1
	1.2
	11.9
	941.45
	27.93
	20.50

	8
	12.15
	82
	92
	90
	92
	33.6
	0.6
	13.6
	1.4
	12.2
	965.18
	18.62
	20.28

	9
	12.30
	86
	88
	89
	96
	33.9
	0.5
	14.4
	1.8
	12.6
	996.83
	18.62
	12.82

	10
	12.45
	80
	82
	81
	90
	34.2
	0.1
	14.4
	1.3
	13.1
	1036.39
	
	

	11
	1.00
	78
	80
	79
	81
	32.7
	1.8
	12.7
	1.6
	11.1
	878.16
	
	

	12
	1.15
	74
	76
	75
	77
	32.5
	0.3
	12.3
	1.5
	10.8
	854.43
	
	

	13
	1.30
	70
	72
	73
	72
	32.6
	0.4
	12.3
	1.2
	11.1
	878.16
	
	

	14
	1.45
	68
	70
	71
	70
	32.7
	0.5
	12.5
	1.3
	11.2
	886.07
	
	

	15
	2.00
	63
	67
	67
	67
	32.5
	1.2
	12.4
	1.4
	11.0
	870.25
	
	

	16
	2.15
	61
	64
	65
	64
	32.6
	0.7
	12.7
	1.6
	11.1
	878.16
	
	

	17
	2.30
	58
	61
	63
	62
	32.5
	0.8
	12.0
	1.1
	10.9
	862.24
	
	

	18
	2.45
	56
	59
	60
	60
	32.3
	0.1
	12.0
	1.3
	10.7
	846.51
	
	

	19
	3.00
	53
	57
	58
	58
	32.4
	0.2
	12.1
	1.2
	10.9
	862.24
	
	

	20
	3.15
	51
	54
	56
	55
	32.5
	0.9
	12.3
	1.5
	10.8
	854.43
	
	

	21
	3.30
	49
	51
	52
	51
	32.1
	0.8
	12.0
	1.4
	10.6
	838.66
	
	

	
	
	
	
	
	
	
	
	
	
	
	Mean
	21.48
	22.01

	TABLE 4.8

	HEATING PROCESS OF WATER IN SK10 SOLAR COOKER

	Mass of water = 1 litre
	
	
	
	
	
	
	
	Date: 15.02.2006

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	S.No.
	Time
	Plate temp in ºc
	Water temp in  Tw ºc
	Ambient Temperature
	Wind Velocity Uw in m/Sec
	Pyranometer readings

mv
	Solar Insolation Ib w/m2
	Cooking power

 P

watts
	Standardised Cooking Power

Ps
watts

	
	
	Top Tt
	Bottom Tb
	Side Wall Ts
	
	
	
	IT
	Id
	Ib
	
	
	

	1
	10.30
	40
	37
	35
	39
	32.4
	0.1
	12.6
	1.2
	11.4
	901.89
	23.27
	17.90

	2
	10.45
	43
	41
	42
	44
	32.9
	0.2
	12.7
	1.1
	11.6
	917.72
	27.93
	20.68

	3
	11.00
	47
	49
	48
	50
	31.4
	0.1
	13.3
	1.0
	12.3
	973.10
	23.27
	17.01

	4
	11.15
	49
	53
	52
	55
	32.9
	0.3
	13.1
	1.2
	11.9
	941.45
	37.24
	26.90

	5
	11.30
	55
	60
	58
	63
	33.2
	1.4
	14.0
	1.4
	12.6
	996.83
	37.24
	25.64

	6
	11.45
	61
	69
	67
	71
	34.8
	0.3
	14.2
	1.7
	12.5
	988.92
	37.24
	26.36

	7
	12.00
	68
	75
	73
	79
	33.6
	0.2
	14.0
	1.5
	12.5
	988.92
	32.58
	23.15

	8
	12.15
	75
	83
	81
	86
	34.5
	1.2
	13.6
	1.2
	12.4
	981.01
	41.9
	31.10

	9
	12.30
	82
	89
	89
	95
	34.6
	1.8
	13.0
	1.6
	11.4
	904.89
	
	

	10
	12.45
	78
	84
	85
	89
	33.1
	0.4
	11.8
	1.6
	10.2
	806.96
	
	

	11
	1.00
	72
	79
	80
	82
	34.2
	0.5
	12.3
	1.1
	11.2
	886.07
	
	

	12
	1.15
	68
	75
	76
	78
	33.1
	0.1
	13.1
	1.0
	12.1
	957.27
	
	

	13
	1.30
	64
	71
	72
	72
	33.9
	0.8
	12.8
	1.2
	11.6
	917.72
	
	

	14
	1.45
	60
	67
	68
	69
	33.2
	1.4
	12.9
	1.1
	11.8
	933.54
	
	

	15
	2.00
	58
	64
	64
	65
	33.7
	0.9
	12.9
	1.0
	11.9
	941.45
	
	

	16
	2.15
	55
	60
	61
	62
	33.8
	1.0
	11.9
	1.2
	10.7
	846.51
	
	

	17
	2.30
	53
	56
	57
	58
	33.1
	1.6
	11.8
	1.4
	10.4
	822.78
	
	

	18
	2.45
	50
	52
	54
	55
	32.8
	0.9
	11.8
	1.2
	10.6
	838.60
	
	

	19
	3.00
	48
	50
	51
	52
	32.4
	0.2
	11.1
	1.1
	10.0
	791.13
	
	

	20
	3.15
	45
	47
	48
	49
	32.6
	0.4
	11.0
	1.0
	10.0
	791.13
	
	

	21
	3.30
	43
	44
	45
	45
	32.2
	0.2
	10.7
	1.2
	9.5
	751.58
	
	

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Mean=
	32.58
	24.84


	TABLE 4.9

	HEATING-COOLING TEST IN FRESNEL SOLAR COOKER

	Mass of water = 1 Kg, Mass of vessel = 0.125 Kg
	
	
	
	
	
	
	        Date : 24.02.2006

	S.No
	Time
	Pot temperature in ˚ C
	Water 

Temperature TwºC
	Ambient

 temperature  (Ta) º C
	Tw-Ta ºC
	ln (Tw-Ta) 
	Wind velocity  Uw m/sec    
	Pyranometer readings

mv
	Solar Insolation Ib w/m2

	
	
	Top Tt
	Bottom Tb
	Side wall Ts
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	IT  
	Id 
	Ib 
	

	1
	12.00
	38
	35
	35
	37
	33.6
	3.4
	1.2
	0.4
	7.79
	1.6
	6.19
	490

	2
	12.10
	42
	45
	43
	45
	34
	11
	2.4
	0.1
	8.25
	1.3
	6.95
	550

	3
	12.20
	64
	70
	68
	72
	32
	40
	3.7
	0.1
	9.06
	1.6
	7.46
	590

	4
	12.30
	76
	80
	78
	82
	34
	48
	3.9
	0.3
	9.89
	1.8
	8.09
	640

	5
	12.40
	86
	95
	92
	90
	35.4
	54.6
	4.1
	0.2
	10.42
	1.7
	8.72
	690

	6
	12.50
	84
	93
	91
	95
	36.8
	58.2
	4.1
	0.1
	10.6
	1.5
	9.1
	720

	7
	1.00
	82
	90
	90
	92
	35
	57
	4
	0.1
	11.39
	1.4
	9.99
	790

	8
	1.10
	80
	89
	89
	90
	36
	54
	3.9
	0.8
	12.47
	1.6
	10.87
	860

	9
	1.20
	78
	86
	87
	87
	36.4
	51
	3.9
	0.4
	13.73
	1.7
	12.03
	952

	10
	1.30
	75
	84
	85
	85
	36.6
	48.6
	3.9
	0.7
	14.31
	1.8
	12.51
	990

	11
	1.40
	73
	80
	81
	80
	36
	43.1
	3.8
	0.6
	14.88
	2.2
	12.68
	1003.39

	12
	1.50
	70
	75
	75
	75
	36.9
	38.7
	3.7
	0.1
	15.22
	2.4
	12.82
	1014.61

	13
	2.00
	66
	70
	71
	70
	36.3
	34
	3.5
	0.8
	16.52
	2.3
	14.22
	1125

	14
	2.10
	64
	67
	68
	67
	36
	31.7
	3.4
	0.2
	15.65
	2.1
	13.55
	1072

	15
	2.20
	61
	65
	63
	65
	35.3
	29.1
	3.3
	0.4
	15.55
	2
	13.15
	1040

	16
	2.30
	59
	63
	61
	63
	35.9
	28
	3.3
	0.9
	14.58
	1.9
	12.68
	1003

	17
	2.40
	57
	60
	59
	60
	35
	25.9
	3.3
	1.2
	14.43
	1.8
	12.63
	960

	18
	2.50
	55
	57
	56
	57
	35.6
	21.4
	3
	0.3
	12.95
	1.7
	11.25
	890

	19
	3.00
	53
	54
	52
	54
	34.1
	19.9
	3
	1.2
	12.22
	1.6
	10.62
	840

	20
	3.10
	50
	50
	49
	50
	33.2
	16.8
	2.9
	0.9
	11.39
	1.4
	9.99
	790

	21
	3.20
	45
	47
	45
	47
	35.1
	11.9
	2.5
	0.6
	10.93
	1.2
	9.73
	770

	22
	3.30
	43
	44
	43
	44
	36
	8
	2.1
	0.7
	9.97
	1
	8.97
	710

	23
	3.40
	39
	40
	39
	40
	33.6
	6.4
	1.8
	0.6
	9.9
	1.3
	8.6
	680

	24
	3.50
	36
	38
	37
	38
	32.4
	5.6
	1.7
	1.1
	9.49
	1.4
	8.09
	640

	25
	4.00
	34
	35
	36
	35
	33
	2
	0.7
	0.4
	8.96
	1.5
	7.46
	590

	26
	4.10
	31
	34
	33
	34
	32.6
	1.4
	0.3
	0.5
	8.43
	1.6
	6.83
	540

	27
	4.20
	29
	33
	32
	33
	32.3
	0.7
	0.1
	0.8
	8.25
	1.8
	6.45
	510

	28
	4.30
	28
	32
	31
	32
	32.8
	0.2
	0.3
	0.5
	6.31
	1
	5.31
	420

	29
	4.40
	27
	31
	30
	31
	31.4
	0.4
	0.2
	0.6
	7.77
	1.2
	6.57
	520

	30
	4.50
	26
	31
	29
	31
	31
	0
	0.1
	0.8
	7.77
	1.2
	6.57
	520

	
	
	
	
	
	Mean=
	34.48
	
	
	
	
	
	Mean=
	763.66

	TABLE - 4.10

	HEATING-COOLING TEST IN LOW COST PARABOLIC DISH COOKER

	Mass of Water = 1 Kg , Mass of Vessel= 0.125 Kg
	
	
	
	                    Date :  21.02.2006

	S.No.
	Time
(Hrs)
	Pot Temperature 
in 0C
	Water Temperature 
(Tw)0C
	Ambient Temperature  Ta0C
	(Tw - Ta) 0C
	ln
(Tw - Ta) 
	Wind Velocity
Uw m/sec.
	Pyranometer readings

mv
	Solar Insolation 

Ib
w/m2

	
	
	Top
Tt
	Bottom
Tb
	Side Wall
Ts
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	IT
	Id
	Ib
	

	1
	12.00
	39
	37
	32
	38
	33.4
	4.6
	1.5
	0.1
	14.3
	2.3
	12.0
	949.36

	2
	12.10
	58
	64
	41
	61
	35.8
	25.2
	3.2
	0.3
	14.7
	2.5
	12.2
	965.19

	3
	12.20
	79
	85
	64
	84
	36.1
	47.9
	3.9
	0.2
	15.0
	2.6
	12.4
	981.01

	4
	12.30
	84
	90
	78
	93
	36.3
	56.7
	4.0
	0.1
	15.3
	2.8
	12.5
	988.92

	5
	12.40
	85
	89
	76
	91
	36.5
	54.5
	4.0
	0.4
	14.8
	2.7
	12.1
	957.28

	6
	12.50
	80
	85
	70
	88
	36.4
	51.6
	3.8
	0.3
	14.3
	2.6
	11.7
	925.63

	7
	1.00
	74
	79
	68
	83
	36.8
	46.2
	3.6
	1.2
	13.7
	2.4
	11.3
	893.99

	8
	1.10
	70
	75
	62
	78
	36.9
	41.1
	3.3
	0.4
	12.8
	2.0
	10.8
	854.43

	9
	1.20
	66
	68
	58
	74
	36.6
	37.4
	3.1
	0.3
	12.3
	2.1
	10.2
	810.25

	10
	1.30
	60
	62
	55
	69
	36.4
	32.6
	2.9
	0.8
	12.2
	1.9
	10.3
	814.87

	11
	1.40
	55
	58
	51
	63
	35.6
	27.4
	2.6
	0.5
	11.7
	1.8
	9.9
	783.23

	12
	1.50
	50
	55
	48
	57
	34.7
	22.3
	2.4
	0.2
	11.0
	1.6
	9.4
	743.67

	13
	2.00
	48
	52
	46
	52
	33.9
	18.1
	2.1
	0.1
	11.4
	1.7
	9.7
	767.41

	14
	2.10
	47
	49
	45
	50
	33.6
	16.4
	1.9
	0.3
	10.7
	1.4
	9.3
	735.76

	15
	2.20
	44
	46
	41
	48
	33.1
	14.9
	1.7
	0.8
	10.1
	1.3
	8.8
	696.2

	16
	2.30
	40
	43
	38
	44
	33.3
	10.7
	1.4
	0.1
	8.3
	0.9
	7.4
	585.44

	17
	2.40
	35
	39
	35
	40
	33.5
	6.5
	1.2
	0.4
	10.0
	1.5
	8.5
	672.47

	18
	2.50
	33
	35
	32
	37
	33.9
	3.1
	1.0
	0.1
	9.1
	1.0
	8.0
	640.82

	19
	3.00
	32
	33
	31
	36
	34.0
	2.0
	0.7
	0.2
	8.5
	0.9
	7.6
	601.27

	20
	3.10
	31
	32
	30
	34
	34.1
	-0.1
	0.0
	0.1
	8.1
	0.8
	7.3
	577.53

	 
	 
	 
	 
	 
	Mean
	35.05
	 
	 
	 
	 
	Mean
	797.24


	TABLE 4.11


	HEATING COOLING TEST IN SK10 SOLAR COOKER


	Mass of water =1Kg, Mass of Vessel =0.125kg

						
													                 Date:20.04.06 


	S.No

	Time (hrs)

	Pot temperature in ºc

	Water temperature TW ºc

	Ambient temperature Ta ºc

	(TW-Ta)ºc

	In (TW-Ta) 

	Wind velocity Uw in m/sec

	Pyranometer readings

mv
	Solar Insolation Ib
 W/m2

			Top Tt
	Bottom Tb
	Sidewall Ts
						IT
	Id
	Ib
	
	1

	12.00

	39

	35

	35

	37

	32.5

	4.5

	1.5

	0.5

	11.2

	2.3

	8.9

	704.11


	2

	12.10

	58

	62

	64

	65

	33.9

	31.1

	3.4

	0.4

	10.5

	1.9

	8.6

	680.38


	3

	12.20

	79

	81

	80

	82

	34.3

	47.7

	3.8

	0.2

	11.9

	1.7

	10.2

	806.96


	4

	12.30

	85

	95

	96

	98

	37

	61

	4.1

	0.9

	15.7

	2.4

	13.3

	1052.22


	5

	12.40

	80

	92

	92

	95

	34.8

	60.2

	4

	1.3

	12.9

	1.6

	11.23

	893.99


	6

	12.50

	78

	90

	91

	92

	35.8

	56.2

	4

	0.9

	12.9

	1.5

	10.9

	862.34


	7

	1.00

	75

	88

	90

	87

	36.1

	50.9

	3.9

	1

	14.3

	1.7

	12.6

	996.83


	8

	1.10

	72

	82

	82

	83

	36.5

	46.5

	3.8

	0.2

	14.8

	2

	12.8

	1012.66


	9

	1.20

	70

	79

	80

	79

	36.7

	42.3

	3.7

	0.3

	17.2

	1.9

	15.3

	1210.4


	10

	1.30

	68

	76

	74

	75

	36.9

	38.1

	3.6

	0.1

	16.81

	1.8

	15.01

	1186.7


	11

	1.40

	64

	70

	68

	71

	36.5

	34.5

	3.5

	0.1

	16.4

	1.6

	14.8

	1170.88


	12

	1.50

	61

	68

	65

	67

	37

	30

	3.4

	0.9

	14.5

	1.4

	13.1

	1036.39


	13

	2.00

	58

	66

	63

	65

	35.3

	29.7

	3.3

	0.5

	13.9

	1.3

	12.6

	996.83


	14

	2.10

	54

	62

	60

	63

	35.4

	27.6

	3.3

	0.1

	12.7

	1.5

	11.2

	886.07


	15

	2.20

	50

	58

	58

	61

	34.4

	25.7

	3.2

	0.1

	12.5

	1.6

	10.9

	862.34


	16

	2.30

	47

	54

	53

	54

	35.1

	18.9

	2.9

	0.6

	12

	1.8

	10.2

	806.96


	17

	2.40

	45

	49

	46

	47

	34.1

	12.9

	2.5

	1

	12.4

	2.5

	9.9

	783.22


	18

	2.50

	42

	43

	40

	40

	34.6

	5.4

	1.6

	0.2

	11.2

	1.9

	9.3

	735.76


	19

	2.60

	37

	37

	35

	36

	34.9

	1.1

	0.09

	0.3

	10.4

	2.1

	8.3

	656.65


	20

	3.00

	35

	34

	33

	35

	34.5

	0.5

	-0.6

	0.8

	9.7

	2.3

	7.4

	585.44


							Mean=35.2

						       Mean =892.4



	


TABLE 4.12
COMPARISON OF PARAMETERS OF THE THREE COOKERS
	Cooker Design
	F'UL W/m2
	F'η0%
	
[image: image144.wmf]boil

t


mins
	η %
	
[image: image145.wmf]0

t


mins

	Fresnel Solar Cooker
	11.67
	20.35
	46.43
	14.19
	90

	Low Cost parabolic Solar Cooker
	11.68
	24.6
	31.38
	21.69
	90

	SK10 Solar Cooker
	10.5
	24.28
	30.75
	20.82
	100


TABLE 4.13

VARIATION OF F’η0 AS THE BRIGHT SPOT MOVES ACROSS THE BOTTOM OF THE POT
	SL.No.
	Time
	F'η0

	
	
	Fresnel Cooker
	Low Cost Parabolic dish cooker
	SK10 Solar Cooker

	1
	12.00
	0.21
	0.28
	0.27

	2
	12.10
	0.30
	0.31
	0.33

	3
	12.20
	0.16
	0.17
	0.19

	4
	12.30
	0.04
	0.05
	0.09


	TABLE 4.14

VALUES OF REGRESSION LINE OF SEMILOG PLOT OF ln(Tw-Ta) WITH TIME

	Sl. No.
	Cooker Design
	Intercept(a)
	Slope(b)
	Correlation coefficient(δ)
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	1
	Fresnel cooker
	4.791453
	-0.01775
	-0.94435
	56.33

	2
	Low cost parabolic dish cooker
	4.480702
	-0.0235
	-0.97014
	42.55

	3
	SK10 cooker
	4.71451
	-0.02156
	-0.85082
	46.38


TABLE 4.15

VARIATION OF 
[image: image146.wmf]boil

t

  WITH SOLAR INSOLATION AND AMBIENT TEMPERATURE

	SL.No
	Fresnel solar Cooker
	Low Cost Parabolic  dish Cooker
	SK10 Solar Cooker
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	1
	0.056
	26.39
	0.055
	21.08
	0.051
	21.31

	2
	0.057
	26.96
	0.06
	22.3
	0.052
	21.77

	3
	0.061
	28.88
	0.062
	23.4
	0.055
	23.25

	4
	0.063
	30.13
	0.067
	26.4
	0.06
	24.6

	5
	0.068
	32.08
	0.069
	28.1
	0.061
	26.26

	6
	0.075
	34.5
	0.071
	30.63
	0.063
	27.46

	7
	0..080
	36.2
	0.075
	32.92
	0.066
	28.91

	8
	0.082
	38.6
	0.077
	33.97
	0.071
	31.27

	9
	0.086
	40.4
	0.079
	35.34
	0.075
	33.56

	10
	0.087
	43.73
	0.083
	36.86
	0.083
	37.47

	11
	0.089
	45.31
	0.093
	40.23
	0.09
	40.9

	12
	0.093
	48.84
	0.094
	43.48
	0.094
	45.02

	13
	0.098
	50.73
	0.095
	45.63
	0.096
	47.67

	14
	0.101
	56.2
	0.1
	52.15
	0.1
	52

	TABLE 4.16

	COOKING TESTS IN FRESNEL SOLAR COOKER

	
	
	
	
	
	
	
	
	
	

	SL.No.
	Date
	Food Stuff

	Quantity (gm)
	Solar insolation w/m2
	Cooking Process
	Temperature of food ºC

	
	
	
	
	
	Starting 
	Finishing
	Cooking time (min)
	Initial 
	Final

	1
	26.04.2006
	Parboiled rice
	250
	1072
	10.45 am
	11.30 am
	45
	33
	85

	2
	26.04.2006
	Raw Rice
	200
	1092
	11.35 am
	12.10 pm
	35
	35
	90

	3
	28.04.2006
	Red Gram dhal
	150
	1096
	11.00 am
	11.55 am
	55
	34
	87

	4
	28.04.2006
	Green Gram Dhal
	150
	1092
	12.00 pm
	1.00 pm
	60
	32
	85

	5
	02.05.2006
	French Beans
	75
	1062
	11.30 am
	11.50 am
	20
	33
	67

	6
	02.05.2006
	Bitter gourd
	75
	1072
	12.00 pm
	12.20 pm
	20
	35
	74

	7
	02.05.2006
	Egg
	50
	1068
	12.30 pm
	12.50 pm
	20
	32
	72

	8
	05.05.2006
	Carrot
	50
	1093
	11.30 am
	11.50 pm
	20
	34
	77

	9
	05.05.2006
	Betroot
	50
	1090
	12.00 pm
	12.20 pm
	20
	32
	72

	10
	05.05.2006
	Potato
	50
	1095
	12.30 pm
	12.50 pm
	20
	35
	79


	TABLE 4.17

	COOKING TESTS IN LOW COST PARABOLIC DISH COOKER

	
	
	
	
	
	
	
	
	
	

	S.No.
	Date
	Food Stuff

	Quantity (gm)
	Solar insolation w/m2
	Cooking Process
	Temperature of food ºC

	
	
	
	
	
	Starting 
	Finishing
	Cooking time (min)
	Initial 
	Final

	1
	08.05.06
	Parboiled rice
	250
	1095
	10.45 am
	11.25 am
	40
	34
	87

	2
	08.05.06
	Raw Rice
	200
	1092
	11.30 am
	12.00 pm
	30
	32
	84

	3
	10.05.06
	Red Gram dhal
	150
	1062
	11.00 am
	11.50 pm
	50
	35
	88

	4
	10.05.06
	Green Gram Dhal
	150
	1052
	12.00 pm
	12.55 pm
	55
	32
	83

	5
	11.05.06
	French Beans
	75
	1075
	11.30 am
	11.45 pm
	15
	30
	75

	6
	11.05.06
	Bitter gourd
	75
	1085
	12.00 pm
	12.15 pm
	15
	33
	76

	7
	11.05.06
	Egg
	50
	1062
	12.30 pm
	12.45 pm
	15
	31
	73

	8
	15.05.06
	Carrot
	50
	1092
	11.30 pm
	11.45 am
	15
	34
	70

	9
	15.05.06
	Beetroot
	50
	1089
	12.00 pm
	12.15 pm
	15
	32
	67

	10
	15.05.06
	Potato
	50
	1090
	12.30 pm
	12.45 pm
	15
	33
	72


	TABLE 4.18

	COOKING TESTS IN SK10 SOLAR COOKER

	
	
	
	
	
	
	
	
	
	

	S.No.
	Date
	Food Stuff


	Quantity (gm)
	Solar insolation w/m2
	Cooking Process
	Temperature of food ºC

	
	
	
	
	
	Starting 
	Finishing
	Cooking time (min)
	Initial 
	Final

	1
	16.05.06
	Parboiled rice
	250
	1062
	10.45 am
	11.15 am
	30
	32
	89

	2
	16.05.06
	Raw Rice
	200
	1051
	11.30 am
	11.50 am
	20
	35
	86

	3
	18.05.06
	Red Gram dhal
	150
	1093
	11.00 am
	11.40 am
	40
	38
	84

	4
	18.05.06
	Green Gram Dhal
	150
	1052
	12.00 pm
	12.45 pm
	45
	36
	82

	5
	20.05.06
	French Beans
	75
	1092
	11.30 am
	11.40 am
	10
	35
	74

	6
	20.05.06
	Bitter gourd
	75
	1092
	12.00 pm
	12.10 pm
	10
	35
	72

	7
	20.05.06
	Egg
	50
	1095
	12.30 pm
	12.40 pm
	10
	30
	79

	8
	22.05.06
	Carrot
	50
	1095
	11.30 pm
	11.40 pm
	10
	30
	78

	9
	22.05.06
	Beetroot
	50
	1075
	12.00 pm
	12.10 pm
	10
	30
	75

	10
	22.05.06
	Potato
	50
	1062
	12.20 pm
	12.30 pm
	10
	32
	76


	TABLE 4.19

	COMPARISON OF COOKING TESTS

	
	
	
	
	

	Sl.No
	Items
	Time taken

	
	
	Fresnel Solar Cooker (mins)
	Low cost  Parabolic Dish cooker (mins)
	SK10 Solar Cooker (mins)

	1
	Parboiled rice
	45
	40
	30

	2
	Raw rice
	35
	30
	20

	3
	Red Gram Dhal
	55
	50
	40

	4
	Green Gram Dhal 
	60
	55
	45

	5
	French Beans
	20
	15
	10

	6
	Bitter Gourd
	20
	15
	10

	7
	Egg
	20
	15
	10

	8
	Carrot
	20
	15
	10

	9
	Beet Root
	20
	15
	10

	10
	Potato
	20
	15
	10
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NOMENCLATURE
	Aa
	-
	Absorber area of the vessel (m2)

	Ac
	-
	Aperture area of the cooker (m2)

	C
	-
	Concentration ratio of the cooker

	D
	-
	Aperture diameter (m)

	F
	-
	Focal length (m)

	F’UL
	-
	The over all heat loss factor (w/m2)

	F’η0
	-
	Optical efficiency

	h
	-
	Height of the vessel (m)

	Ib
	-
	Beam radiation (w/m2)

	Id
	-
	Diffuse radiation (w/m2)

	IT
	-
	Global radiation (w/m2)  

	Ma
	-
	Mass of vessel (Kg)

	Mw
	-
	Mass of water (Kg)

	P
	-
	Cooking Power (Watts)

	Ps
	-
	Standardised cooking power (Watts)

	r
	-
	Radius of the vessel (m)

	Sa
	-
	Specific heat capacity of the vessel (J/Kg/K)

	Sw
	-
	Specific heat  capacity of water (J/Kg/K)

	Ta
	-
	Ambient temperature (ºC)

	Tb
	-
	Vessel bottom temperature (ºC)

	Ts
	-
	Vessel sidewall temperature (ºC)

	Tt
	-
	Vessel top temperature (ºC)

	Tw
	-
	Water temperature (ºC)

	Tw1
	-
	Initial water temperature (ºC)

	Tw2
	-
	Final water temperature (ºC) 

	Uw
	-
	Wind velocity (m/sec)
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	-
	Time constant for cooling
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	-
	Time intervals of observations
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	-
	Time required to boil water from ambient 

temperature(mins)

	β
	-
	Rim angle

	η
	-
	Overall efficiency
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������������������������������� 16:ailltwdmrktyt}Ｘ��t{』��v}ヘ~и��w~вy�v}フ}Ｘ��s|《|《~Ｔ~Ｒ|�q|�s|《|《|〈z�mv{r{�r}〉}「�зョtｅq�Ｔ~Ｓ}《~Ｐz~q|�oz~q|�p{�q|�s~Ｕ�ビ}〈|�s~Ｖ�е�а{�p{�ny}ny}luzpy~nw|luzktyjsxirwluzmv{ktyluzktylu|mv}kt{nw~jszox�lu|mv}krzipxmt|fmujqyeltjqyhowox�kt{mv}kt{lu|lu|kt{hqxirygpwfovdmtfovgpwjszlu|qz）sziryiryox�ox�nw~nw~s|ピ|ヒz〈z〔t{kt{lu|qz〈x�ov~jq{jq{hoyjq{gpwirymv}jszmv{nw|qz�ox}kt{kt{kt{jszkt{lu|lu|lu|mt|krzgnvjqylqwint_djchnchn]bh\ciYbgZagY`f]dj]djdkqt{［tzhoucjpipvipvjqwjtvhrtlw{juy^glens]fk_hm\ej]fk[di\ej]fk]fk\ci\ci\ci]dj^gl\ej\ej\ej\ej]fk]fkZch]fk_hmajobkp`gm^ek[bh[diYdhYgjbmq^im`ipbkr^ekahnfkqhmsint]aj\`iOS\TXaINTINR;?@997D?;TMEZQH[SHc[P��v\SL#�����3/0]]_IMPMRUV^aX_eahn`gm`gm\ci^ekZagX_eW^dY`h`goahp\ckV]g^em^gnbkpdmrdmrajo`indmrgpu[diclq`in`in]fk\ej]fkajoensktynw|bkp]fkbkp_hm\ejZchXafXaf[diXafU^cYbgZchXafV_dYbgT]bV_d`inXafNW\PY^PY^V_dV_dOZ^T_cQ_bM[^ZchNW\KTYR[`YbgT]bKTYOX]MTZQX^SZ`RY_QX^RY_RW]NSYQX`U\dV]eW^fV]eQX`LS]U\fT[eQXbX_iY`jW]iU[gLR^U\f\elIRWJSZPY^JSZYbgS\cV_dX_g\ciW^fSZ`\ckU\bUYbV[aNU[NU[QX^QX^NU[MTZPWaRYcKR\IPXFMUKRXMTZRY_NU[LSYLSYLSYPW]JQWIPVKRXHOUMTZFMSELRGNTMTZLSYNU[MTZMTZNU[[^g[^gYYa[[cUU]^^f`cjbelcfm^ahZ_eafl`ek_dj\ciahn\ciT[aYbg\ej\ej\ej[dkZcj[bjbiq^eo_fpbisdkucjthoybisahr[bj_fnbiq`go\ci_fl^ek\ci_flfmsgnt`gm^ekX_e_fl`gm]fmmv}mt|_fn^embiq^emY`hZcj^gn`ipjszgpuirwhounu{_hoirynw~mv}enuclsbkrajqfovenuclsbkrcls`ip^gn_ho^gnZcj\ck^em_fn`godksjqydksbiqeir_cl\`i_cl_cl^bkTY_X]cUZ`RW]NU[IPVGNTPW]IPVRY_W^d]djY`fX_eW^d^ekclskt{fovlu|jszbkrfov_hodkseltdksfmubiqgnveltdkseltgnvcjrdks`go`goahpfmudmthqxkt{mv}_ho`ip\el_hocjpjqwlsyelr`ek_djbgmfkqhmsfkq[`f]bh_djaflchndkqajoajo[bh_fl`gmelrdiojouejpejpkpvkpv`gmcjp_fl^ekintW\bSX^UZ`SX^afllqw]bhaflejpejpdiodio_dj_dj^ekahnclqhoufmscjp`gm_fldkq`gmipvotzlqwglrglrdioejpdkqipvlsylsyjqwgntdkqahnfmsfmselrgntlsyov|krxgnt\`iaenbfodhqdkqelrjqwjqwnr{rv�sw�os|mqzsw�rv（mv`eklqwjounsyjouchnfkqchndiohmsjouhmsintnsyintbgm`ekchndioglrglrintfkqejpdiochn`ek`ek\agdiokpvnsygnvjqyhowls{jqymt|ipxjqydiobgmejp_djaflZ_ediochndiodiochnejpchnhmsjoujounsy_djPU[[`fdiokpvrw}x}ピz�w~й∞z∞x≧w��u~ビ{�r{�r{�py~py~ox}s|》}Ｗ�ж��t|�pqvvrszqlxj]xfPбS逆T畜Y想Z笥Y旬X警S軽Q閤[�}i±rwxsquxhowlu~pw『{дw~uz�qx�py�mx~q|Ｒz�r{�ry�t{ピx~sx~qv|rw}pu{qv|rw}qv|sx~qv|qv|qv|ov~qx�nw~ox�nw~ox�ry〈x�pw}ry�t{《z�pw}nu{krxnu{krxlsynw~nw~nw~ox�py�py�qx�pw�qx�ov~ov~u|ж{и}�w{дx『|Ｔx~uz�sx~pu{qv|ov|qx~nu{mtzmtznu{ov|pw}qx~sz�lvxlvxov|qx~qx~ry�ry�qx~ov~ov~r{Ｒz｛x〈zパyＰx�qx~t|�s|〉{�s~г~д}д}е|�u|�txヘ{�qxＸ~�t}в{Ｓ}ヒz�qx~ry�ty�tw~tw�tx《w�qx�qx�qx�pw}qx~qy|qy|s{~r{�luzox}ox}s|〈z［v{py~r{�v�ж＜s}�v�〉|}w≠u~パy�mv}mv}t}бz【ｉyｉu��wｈu��r{Ｐx�w��yｉs|ビ{Ｓ}《~Ｓ}�s~�t�〈}}lxxs}|q{zoyxpzyr|{q{zoyxq{zs}|s�{w�~x�~oztlyrmxro|st�wn{qo{qq~tp|rlzmnzpo|rn{tozvt�{oxwrxxqvyv{~nsvpuxrz|s{}owyksunsvpuxqwsowhnzdoxclu`q{chrZ_gPU]FNV>LT<KS;FL2?E+>D*GK29<)7:1%*&�������������� �� ��#����
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