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ABBREVIATIONS
Aa               -       Absorber area of the vessel (m2)

Ac           -      Aperture area of the integrated greenhouse pot (m2)

C             -     Concentration ratio of the cooker

F’UL       –     Heat loss factor (W/m2)

F’η0        -     Optical efficiency

h             -     Height of the vessel (m)

Ib            -     Beam radiation

Id            -     Diffuse radiation

It           -     Global radiation (mv)

Ma          -     Mass of vessel (Kg)

Mw          -     Mass of water (Kg)

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 (°c)

Tb            -     Inside bottom temperature of integrated greenhouse pot (°c)

Tl            -      Lid temperature of vessel (°c)

Tc            -      Temperature of cooKit panel (°c)

Tv            -     Temperature of vessel bottom (°c)

Tair          -      Air temperature of integrated greenhouse pot (°c)

Tw1          -    Initial water temperature (°c)

Tw2            -     Final water temperature (°c)

Uw             -     Wind velocity (m/sec)

τ0                  -      Time constant for cooling (secs)

τ               -     Time intervals of observations (secs)

τboil           -    Time required to boil water(mins)

η               -     Overall efficiency.
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CHAPTER-I

INTRODUCTION

1.1 ENERGY

    In scientific terms energy is defined as the capacity to do work (Jadhav, 1997). Energy is the basic input required to sustain economic growth and to provide basic amenities of life to the entire population of a country. Energy can be an effective weapon in the battle against abject poverty, in a country like India.  Like other developing countries, India is also in the process of planning and development as such needs a quantum of energy for its development plans. (Dhulsai Birundha Varadarajan, 1994.).  

1.1.1 ENERGY CRISIS

               In recent years energy has acquired still more significant importance due to the world energy crisis.  This affects both the industrialized and the developing countries, but the latter are hit harder.  We in India will have to go through the process of economic development and modernization with much higher energy prices together with growing population and needs of the people our demand on energy would rise exponentially.

                The energy crisis illuminates the world’s most dangerous political issues, as it wrenches back into open view the brutality of national consumption for resources the festering issues of economic and social injustice and the tragic absurdity of modern war (Nauhital Singh, 2001)

The ultimate solution of the energy crisis will be through the discovery of methods of harnessing the non-conventional energy sources.  The extraction and utilization of non-conventional energy will not only help on meeting energy demands, but also help in their development. (Vandana.S, 2002)

1.2 DIFFERENT TYPES OF ENERGY SOURCES

Today, every country draws its energy needs from a variety of sources. They can be broadly classified as 

· Conventional and

·  Non -Conventional sources

1.2.1 CONVENTIONAL ENERGY SOURCES

COAL

Since the advent of industrialization coal has been the most common source of energy.

According to estimates coal is abundant.  It is enough for 200 years.  However, it is low in calorific value and its shipping is expensive.  Coal is pollutant and when burnt it produces CO2 and CO.

OIL


In the last three decades, the world switched over from coal to oil as a major source of energy because it is sample and clean. Almost 40% of the energy needs of the world are fed by oil.  The rising price of oil has brought a considerable strain to the economy of the world.
 GAS


Gas is not fully utilized at present and huge quantities are burnt off.  It has become economical to run long distance pipelines for the gas to be transported several hundred kilometers to the place where it can be used.  Transportation charge of gas is costlier than that of oil.

AGRICULTURE AND ORGANIC WASTES

        Small quantities of agricultural and organic wastes consisting of raw saw dust, bagasse, garbage, animal dung, paddy husk etc are used as energy sources. Most of the remaining materials were burnt or left, unused causing considerable environmental problems.

WATER POWER


Water power is developed by allowing water to fall under the force of gravity.  It is used almost exclusively for electric power generation.

Potential energy of water is converted into mechanical energy by using hydraulic turbines.  Water power is quite cheap where water is available in abundance. Capital cost is quite low as no fuel is required.

NUCLEAR POWER

According to modern theories of atomic structure matter consists of minute particles known as atoms. These atoms represent enormous concentration of binding energy.


However there are some limitations in the use of nuclear energy namely high capital cost of nuclear power plants, limited availability of raw materials, difficulties associated with disposal of radioactive waste and shortage of well trained personnel to handle the nuclear power plants. (G.D.Rai, 2006)

1.2.2 NON-CONVENTIONAL ENERGY SOURCES

WIND ENERGY

          Wind energy has been used for a long time for turning windmills for the purpose of grinding corn and pumping waste as well as generating electricity.  But its effective use is limited to only areas that have strong and steady winds. The energy available in the wind over the earth’s surface is estimated to be 1.6 x 107MW, which is the same order of magnitude as the present energy consumption on the earth.

TIDAL ENERGY

The energy is generated from the ceaseless motion of tides.  The feasible locations for trapping this energy are limited to bays where there are high tides with suitable inlet to hold the incoming tides.  The world’s first tidal power plant began operating in 1966 in France.

BIOMASS


Biomass means organic matter. Bio-mass is produced in nature through photosynthesis achieved by solar energy conversion.  The bio-mass is used directly by burning or is further processed to produce more convenient liquid and gaseous fuels.

SOLID WASTES


In the modern civilization disposal of solid wastes, especially domestic and agricultural waste is proving a formidable problem.  Several solutions are pursued to solve this problem.  In several cities in developed countries electric power is generated by making use of the heat from the combustion of trash.  Another method is bioconversion in which animal and plant wastes are converted into nature gas (biogas), methanol.

SOLAR ENERGY


Solar energy has the greatest potential of all the sources of renewable energy.  The energy radiated by the sun on a bright sunny day is 1Kw/m2.  This energy accounts for 99.98 % and this huge inflow to the earth is inexhaustible. (G.D.Rai, 2006).
GEOTHERMAL ENERGY


Geothermal energy is generated wherever water comes into contact with heated underground rock and turns into steam.  Most of the heat contained in the earth’s interior is the result of the decay if radioactive elements (such as thorium, uranium and isotope of potassium with mass number 40) that are present deep within the crust.
WAVE ENERGY

                Ocean waves are created by the interaction of winds with the surface of the sea.  It contains both kinetic energy which is described by the velocity of the water particles and potential energy which is a function of amount of water displaced from the mean sea level.  The energy transformed to the ocean from the wind depends on the wind speed, the distance over which it interacts with the water and its duration.

HYDROGEN


Hydrogen is the most ideal fuel that could replace all the fuels.  It burns easily giving a huge quantity of heat. It can be transported through pipes in its gaseous form and chilled into a liquid form.  It is lighter in weight and a non-polluting fuel.  (H.V.Jadhav, 1997). 

1.3 OPTION OF SOLAR ENERGY


Sun is a source of one of renewable energy known as solar energy. Solar energy is a basic need of living plants and human being on the earth. It is intermitted in nature, eco-friendly and a non-polluting energy. It is freely available throughout the world, particularly in India. (G.N.Tiwari, 2002).

Solar energy appears in nature in various other forms. These are indirect forms of solar energy.  (B.H.Khan, 2006).


Here, it is believed that with just 0.1% of the 75,000 trillion kilowatt of solar energy that reaches the earth, the planets energy requirements can be fulfilled. 

(D.S.Chauhan, 2004).


Being a tropical country, India receives a large amount of solar energy (2.1 x 109 kw/sq.m/year)over many parts of the country for most of the year. (H.V.Jadhav, 1997)

1.4 CONVERSION OF SOLAR ENERGY


Solar energy can be used 

· by direct conversion in to electricity

· thermal energy

1.4.1 SOLAR THERMAL TECHNOLOGY


Thermal energy from sun can be obtained by using a solar collector. (D.S.chauhan, 2004)


The radiation in the form of heat which can be subsequently converted into mechanical, electrical (or) chemical energy and a large number of solar thermal devices like solar cookers, solar water /air heaters, solar dryers etc were developed and some of them are very popular and widely in use.

1.4.2 SOLAR PHOTOVOLTAIC CONVERSION TECHNOLOGY


Solar photovoltaic system can convert the energy of the sun rays directly into electricity.  At present technologies are available to enable 9.11% output in terms of electricity as a function of solar radiation by the system.  Solar photovoltaic cells are being used in a number of devices like calculators, watches, street lighting, water pumps etc.A number of photovoltaic technologies are currently available at the global level.  The efficiencies are in the range of 10-15% (S.K.Agarwal, 2005)

1.4.3 PRINCIPLES OF THERMAL CONVERSION


The fundamental process in general use for heat conversion is the green house effect. (G.D.Rai, 2001).


The solar energy is concentrated by using a group of mirrors called heliostats on a small collecting element fixed on a concrete pillar.  The collecting element has a heat transfer fluid which absorbs heat from the collecting element and transfer it to water to generate steam.  The steam is then used to move turbines to produce electricity (V.K.Prabhakar, 2001).

1.4.4 DIFFERENT THERMAL CONVERSION SYSTEMS
The thermal conversion systems are of different types. Such as air heaters and liquid heaters with either focusing or non-focusing collectors.

SOLAR WATER HEATING SYSTEM


In a solar collector, solar energy incident on the absorber panel coated with selective coating gets absorbed and the absorber panel gets heated.  The generated heat is transferred to the working fluid passing through the tubes underneath the absorber panel.  The water gets heated up and its temperature will increase.  It is delivered to a storage tank.  The total system with solar collector, storage tank and pipelines is called solar water heating system.  The system produces hot water for around 300 days in a year.  It generates very high hot water on clear sunny days, moderate on partially cloudy days and very low on rainy days.

The system can be installed on the roof tops, building terrace, open ground etc.

SOLAR AIR HEATERS


Solar air heaters are flat plate collector with an absorber plate, transparent cover at the top and insulation at the bottom and sides.  The whole assembly is encapsulated in a sheet metal container. The main advantages over solar water heaters are

· Need to transfer heat from one fluid to another is eliminated

· Complete eliminations of the problem of corrosion 

· Freezing of working fluid is non existent.

Conventional air heaters are found to have poor thermal efficiency because of low conductive heat transfer coefficient between absorber plate and air flowing through the duct.


The main application areas of solar air heaters are space heating, seasoning of timber and curing of industrial products.

SOLAR DISTILLATION


With the help of solar energy, pure water can be separated from saline water.  This pure water can be used for batteries, automobiles, and various industries.  The device which produces pure water by using solar energy is called solar still.
SOLAR PUMPING SYSTEMS


 The solar pumping system utilizes the power generated by solar energy for lift irrigation projects and for the supply of drinking water.  Solar thermal energy conversion system (or) photovoltaic system is widely used for solar pumps.


Solar thermal energy conversion system can be used for pumping water with cost effectiveness.  In this system the water (or) thermic fluid is heated by solar energy and the heated fluid is used to drive a pump (or) Turbine.


In a solar PV based water pumping system, PV module convert sunlight directly into electricity and this energy is used to run an electric motor pump set for pumping water.

SOLAR COOLING


One of the thermal applications of solar energy is for the purpose of cooling.  The cooling with the help of solar energy can be utilized for air conditioning or refrigeration systems.  The objective of the systems is to provide comfortable living conditions (or) to preserve the food products.  The common technique used for refrigeration systems are vapour compression and vapour absorption. 
SOLAR PONDS


In order to reduce the capital cost of solar thermal installations  the area of the collecting surface has to be optimized and also economical ways of collecting and storing the energy during the same period have to be proposed .Large stretches of water of small depth have used for simultaneous collection and storage.


An artificially designed pond in which significant temperature rises in the lower regions are possible by preventing the phenomenon of convection is called a “solar pond”.
SOLAR CHIMNEY


A solar chimney is a solar thermal power plant where in heated air rises in a tall chimney. The inflowing air is heated in a greenhouse with an open rim surrounding the base of the chimney and a turbine at the base of the chimney turns a generator to produce electrical power.

1.5 USES OF SOLAR ENERGY

· Solar energy is used for cooking food. This is done by using solar cookers.

· Solar energy is used for heating water and supplies it for domestic use in big buildings like hotels, motors and flats. This is done by using solar heaters

· Solar energy is used for producing electricity needed in space satellites and to run watches and calculators. This is done by using solar cells.

· Solar energy is used for the production of large electricity in solar power plants.

· Solar energy is used to melt and forge metals in solar furnaces. 

     (V.K.Prabhakar, 2001).
Advantage of solar energy


Solar energy is available in abundance in a tropical country like ours .It is pollution free and free of cost.
1.6 WHY SOLAR COOKER?


      Solar cookers are devices that heat food using only sunlight. Since they use no fuel and they cost nothing to run, the worldwide use of these devices can help deforestation and desertation, caused by the use of firewood for cooking. Solar cookers are also sometimes used in outdoor cooking, especially in situations where other alternatives are not available. Harnessing solar energy for cooking purpose is an attractive and relevant option.

In developing countries, at least 80 to 90 % of the total energy consumption in a village can be attributed to cooking only.  Harnessing and utilization of solar energy has been naturally promoting for cooking purposes.


Basic model solar cookers have been designed more than 50 years ago. But these have not been accepted due to the cheap availability of cooking fuels and little concern for the surrounding environment.

Different types of solar cookers are:

· Flat plate box type cookers

· Multi reflector type solar cookers

· Parabolic disc concentrated solar cookers.
THE PANEL COOKER


Panel solar cookers are the first solar cookers that are truly affordable to the world’s neediest. In 1994, a volunteer group of engineers and solar cooks associated with solar cookers. International developed and produced the first “panel” cooker, the coo kit. Elegant and simple, affordable, effective and convenient solar cooker. It requires a dark, covered pot and one plastic bag.
 Advantage

· The cooKit can pasteurize household drinking water.

· The solar cooking process is smokeless, reducing respiratory disease.

· The solar cooked foods retain vitamins, nutrients

· Clean up is easy.(http://solarcooking.org/newpanel.htm)
1.7   OBJECTIVES OF STUDY

· To develop a self designed integrated greenhouse pot.
· To design and develop a solar cooKit at the cheapest rate and to study the effect of the integrated greenhouse pot in the self made cooKit.

· To study the thermal performance and efficiency of the integrated greenhouse pot with various lids on the cooking pot.

CHAPTER-II

REVIEW OF LITERATURE

2.1  INTRODUCTION

    
Energy is a key input in economic growth and plays a vital role for survival of mankind. Our resources of energy, like fossil fuel reserves and natural gas, are decreasing day by day. At the same time the demand for energy in our country and across the globe is increasing.


Use of solar energy would save a lot of time and money for the user and this could be effectively diverted for increased productive activities and monetary gains. The major part of energy required in our domestic activities is that needed for cooking. Solar cookers are ideal for cooking, as it is pollution free, cheap and environmentally clean.


From the various types of solar cookers, I have selected the cooKit because of its easy construction and energy savings. There is no need for tracking towards the sun and the efficiency is also good

2.2 TYPES OF SOLAR COOKER
A new flat plate cooker with heat pipes was developed by Adel M.A.Khalifa et.al (1984) which requires no tracking and allows the cooking to be done in the shade or indoors. Experiments indicated that all cookers yielded satisfactory performance, with cooking times of 60-90min for meat dishes



G.N.Tiwari and Y.P.Yadav (1986) designed a new box type solar cooker with a single reflector at the hood. Here the base of the oven acts as a lid, and there by solving the problem of preheating. The performance of conventional box type solar cooker can be improved by having the lid at the bottom of the oven.

The thermal evaluation of box type solar cooker with suitable thermal tests independent of climatic variables as well as the products cooked is proposed by S.C.Mullick et.al (1987).

Edwin R.Pejack (1991) developed a mathematical model of the heat transfer processes in a box type solar cooker.  The food temperature, as affected by latitude, month, wind, clouds, mass of food, and thermal resistance of the box walls were presented.

Suitable thermal tests were identified by S.C.Mullick et.al (1991) for a paraboloid concentrator solar cooker, under full load conditions.  The overall heat loss factor from cooling curve and the optical efficiency factor from heating curve were calculated.

Subodh Kumar et.al (1993) experimented and calculated the heat losses from the cooker for different orientations of the paraboloid reflector.  The performance of such a cooker using uninsulated cooking pot depends on wind conditions.  These cookers need frequent adjustments to track the sun keeping the focus always at the bottom of the cooking pot.

A.A.El-Sebaii.et.al (1994) designed and constructed a box –type solar cooker with multi-step inner reflectors.  The cooker is able to boil 1 kg of water in 24 min and its aperture area equals 1m2 . The efficiency of the cooker is about 30%.
M.B.Habeebullah et.al (1995) analyzed the oven type as an alternative approach for concentrated solar energy would boost the overall cooker efficiency.  The mathematical model was solved using numerical integration.

D.Buddhi and L.K.Sahoo (1997) designed and fabricated a box type solar cooker with latent heat storage. The phase change material is used as the storage medium in solar cookers.  It is possible to cook the food even in the evening having latent heat storage.  It provides a constant plate temperature.

A. Gaur et.al (1999) studied the performance of the box type solar cooker with special emphasis on the shape of lid of the utensils used in solar cooker. The solar cooker can be improved if a utensil with a concave shape lid is used instead of a plane lid. The stagnation temperature for a utensil having a concave lid was about 2-7% more than the utensil with a normal lid.
2.3 DIFFERENT TYPES OF PANEL COOKERS


N.M.Nahar (1990) described the performance and testing of a novel solar cooker.  It has a tilted absorbing surface so that more radiation can be obtained even in winter.  It does not require frequent tracking.  The efficiency for this cooker is 24.6%.  The payback period is economical.

N.M.Nahar (1992) designed, fabricated and tested a large size double reflector non tracking solar cooker.  The efficiency of the solar cooker is 24.9%.  The payback periods are 1.10-3.63 years depending on the fuels.  The cooker is economical and is easy to operate.
N.M.Nahar (2001) designed, fabricated and tested a double reflector hot box solar cooker with a transparent insulation material (TIM).  The use of one more reflector avoids tracking towards the sun.  The efficiency is 30.5%.  The energy saving by use of a solar cooker with TIM has been estimated to be 1485.0MJ of fuel equivalent per year.  The payback varies between 1.66 and 4.23y depending upon the fuel.


Dane Dormio and Steven E.Jones (2002) analyzed different solar cooker designs to evaluate the cooking effectiveness and other factors that determine the utility of each design. The author they suggested a highly portable model made from cardboard with a highly reflective foil coating which showed a decent cooking capacity and performance. (http://www.solarcooking.org/research/Dormio-report.htm)


David Delaney (2002) fabricated inexpensive transparent enclosure for solar panel cooker named solar pot skirt. It is opaque to thermal radiations and reduces the heat loss. The pot skirt gets heated in two ways, by the contact of hot air and thermal radiation from the black cooking pot. It re-radiates energy back to the black cooking pot and thus reducing the loss of heat by radiation. (http://www.geocities.com/davidmdelaney/pot-skirt/pot-skirt.htm)

 The nature of cooking vessel used in a solar cooker and its position being so vital, the advantages of keeping the vessel on lugs was discussed by A.V.Narasimha Rao and S.Subramanyam (2004).The performance of a cooking vessel with a central annular cavity kept on lugs was analysed and a better performance was observed, when compared to the conventional vessel kept on the floor of the cooker.


          Pascale R.Dennery (2007) studied the CooKit which is complement of other cooking methods needed at night and on cloudy days. This can help to replace open fires and it did not require fuel. (http://usinfo.state.gov)


2.4 HYBRID MODEL COOKER

James R.Jenness.Jr. (1960) fabricated reflectors from cheap materials by hand-craft techniques. They are manufactured at low cost.  The efficiency of a solar cooker could be improved by the use of a cooking pot with a selective black bottom surface and convection shielding skirt.


Y.P.Yadav and G.N.Tiwari (1987) studied the thermal performance of box type solar cooker. The cooking time is reducing by enhancing the solar insolation with the incorporation of a booster mirror.


N.M.Nahar and Jagdish P. Gupta (1991) tested different solar cookers and evaluated their potential impact on energy savings.

S.John et.al (1991) describes a combined concentrating /oven type solar cooker.  The sunlight entering the cooker is reflected onto a hood, which is provided with a selective solar absorbers coating.  Hence, the cooker makes use of both direct and diffuse solar radiation and can be used for cooking two meals per day.

Michael Grupp et.al (1991) presented an advanced box type solar cooker with a fixed cooking vessel in thermal contact with a conductive absorber plate is set into the glazing.  
I.Olwi. et.al (1994) experimented on a heat pipe assisted solar cooker to provide an actual model for convenient indoor solar cooking.

Richard Pocock (2004) designed a pentagon star cooker that can be quickly built from one cardboard box. In this cooker the food is cooked inside a black lid pot enclosed by a transparent oven bag. (http://www.solarcooking.org/plans/pentagonstar.htm)

Hasan Huseyin Ozturk (2004) designed and tested a low cost parabolic solar cooker. The average temperature of water in the solar panel cooker was 333k and the average difference between the temperature of water in the cooking pot and the ambient air temperature was 31.6k.

U.S.Mirdha and S.R.Dhariwal (2008) theoretically investigated various types of solar cooker with various combination booster mirrors and finally arrived at design, aimed at providing a cooker which can be fixed on a south facing window. The new design was implemented and it provided high temperature enabling cooking two meals a day.


Tseong H. Tan (2008) designed a fun panel solar cooker incorporating the features of a panel cooker in to a funnel cooker. Auther reported that it has recorded a maximum temperature of 130◦c for an empty pot. (http://www.freewebs.com/sunnycooker/funpanel cookerplan.htm)

2.5 DUAL PURPOSE/MULTI PURPOSE COOKERS


The device which can be used for cooking, boiling and roasting of   different foods in clear days was designed, developed and tested by P.C.Pande and K.P.Thanvi (1986), the important part of this device is its stationary mode and maximum capture of energy through improved design and optimum tilt of the system. The cooking trial showed that the device can be used twice a day, even in winter days. 

A.M.A.Khalifa et.al (1986) designed and tested a new oven cooker that permitted heating from the bottom and sides, channeling the concentrated solar energy through a spiral concentrator.

 Teong H.Tan (2002) designed a dual setting panel cooker to lessen the reduction in efficiency when the altitude of sun is very high. Description of two different settings for better concentration of light according to the altitude is also given. (http://www.solarcooking.org/plans/DSPC-cooker.htm)

Sanu Kaji (2003) designed a panel solar cooker similar to coo kit. It is a foldable, weather proof and large enough to cook multiple pots at once.

A.V.Narasimha Rao and S.Subramanyam (2003) discussed the role of vessel inside a cooker. The heat has to penetrate the vessel and cook the food. The bottom surface of the cooking vessel and the lid are ineffective in the heat transfer process to the food. Raising the vessel by providing a few lugs will make the bottom of the vessel a heat transfer surface.

A box type solar cooker with one or four cooking pots was constructed and tested by A.A.El-Sebaii and A.Ibrahim (2005) experiments were performed at various conditions and an over all utilization efficiency of 26.7% was obtained.

2.6 INTEGRATED GREENHOUSE POT


A hot box type solar cooker having a double glass cover and a plane mirror reflector has been tested for its thermal performance by J.S.Vaishya et.al (1985)

Roger Bernard (1994) invented the solar panel cooker and places an integrated greenhouse pot around the black cooking pot. (http://www.solarcooking.org/plans/nelpa.htm)

Said M.A.Ibrahim and Medhat K.El.Reidy (1995) designed a hot box type cooker with a plane booster mirror reflector. It was established that better heat transfer occurred when the cooking pot was covered with an airtight plastic transparent cover rather than using an ordinary metallic cover.

Bernard et.al (1995) designed the CooKit, which is a packet of interconnected reflector. The reflector circles the cooking vessel which is kept inside a transparent container or a heat resistant plastic (http://solarcooking.wiki.com/wiki/panel-cookers).

David M.Delaney (1999) compared three different lids for use on greenhouse pots in solar panel cooker, a simple black steel lid, two part glasses and steel greenhouse lid and simple transparent glass lid .For performance comparisons, water was heated in them and were found to be equal. (http://www.geocities.com-dmdelaney/lidcompare/lidcompare.htm)

Steven E.Jones (2001) analyzed the effects of pot height on the solar cooker. They found that raising the cooking pot to 6cm, from IGP greatly improves insolation to heating efficiency. (http://www.solarcooking.org)


Philip Fairey et.al (2002) investigated the use of a greenhouse type cooker and it uses a metal pot that is placed in to a glass bowl and sealed with a lid creating a greenhouse effect.

CHAPTER-III

MATERIALS AND METHODS

3.1 INTRODUCTION


Solar energy is the primary source of energy for our planet. The people around the world used solar energy even today with less or large quantity depending on the availability of uninterrupted sunrays. Solar energy is a direct, unpolluting, alternate source of energy, which is in plenty and freely available. Unlike other sources of energy, it is non-perishable and is easy to collect and utilize. The entire energy needs in rural areas can be met if proper technology could be developed to trap and utilize it properly. Approximately 60 % of our energy requirement shall come from solar energy sources (Sushma Kaushik, 1996)


The easiest way and cheapest method of cooking is by making use of solar energy. Among all the countries china and India are the toppers promoting the use of solar cookers. In our country energy consumed for cooking shares a major portion of the total energy consumed in a year. In villages 95% of the energy consumption goes for cooking. Solar cookers use sunlight as an energy source to cook food. No other energy source is needed for a solar cooker to operate .There are various types of solar cookers like box type solar cooker, parabolic type cooker , kissian cooker, reflected type cooker etc. After a, careful study of these solar cookers, I have designed an integrated greenhouse pot in a panel cooker  known as cooKit for further studies.(G.D.Rai,1980)

3.2 SCOPE OF THE STUDY

· The integrated greenhouse pot produces intense greenhouse effect by absorbing heat from all sides.

· Since the cooKit with integrated greenhouse pot requires no tracking to follow the azimuth, there is no need to stand in the sun during cooking process.

· Being an efficient low cost device, it can be afforded by low income group of people.

· The device is less weight, handy and portable to the work sites, picnic spots and war frontiers.

3.3 DESIGN DETAILS AND FABRICATION OF COOKIT


The cooKit is made up of a piece of cardboard of size 120cm x 90cm pasted with aluminium foil paper on the upper side. The middle part is flat, while the two long sides are folded upward. The two slots in the front panel hold the upper corner tips of the back panel on insertion. Now the device is in the shape of an oval basket. The coking vessel is placed in the middle of the base pan, where the reflected rays concentrate as     shown   in Figure 3.1 .The food can be cooked and water can be heated within a few hours in the hot sun. The specification of solar cooKit is shown in Figure 3.2.


The cooking vessel is of cylindrical shape with a diameter of 16cm and height 6cm, made up of aluminium, coated with black-board paint on the outer surface .The vessel is closed by a glass lid of a little over 16cm diameter with a knob fixed over the 

FIGURE 3.1

REFLECTOR ASSEMBLY OF COOKIT
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FIGURE 3.2

SPECIFICATION OF SOLAR COOKIT
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PLATE-1

SOLAR COOKIT
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PLATE-2

COOKING VESSEL WITH GLASS LID

 middle as shown in Figure 3.4. The cooking vessel placed in the glass box rested on its side walls leaving an air space of 1.3cm at the bottom as shown in the Figure 3.3.

 A four-sided flower pot shaped conical glass box as shown in the Figure.3.3 is used to keep the cooking vessel.

The specifications of the four sides of integrated greenhouse pot
· Parallel sides 30cm and 14cm and other two sides 16cm each.

· Base 14cm x 14cm

· Top cover 30.5cm x 30.5cm


The four pieces of glass are joined by glass paste and the interior angle between the base and the side is 120(.The base is also fixed under the narrow side with glass paste. A knob is fixed over the middle of the glass lid for easy handling.
Specification of the cooking vessel
· Mass of the cooking vessel                  =  Ma      =  125gm

· Absorber area of the cooking vessel    =  Aa       =   0.0502m2
· Height of the vessel                             =  h         =   6cm

· Radius of the vessel                             =  r          =  8cm

· Aperture area of IGP
                   = Ac             = 0.2889 m2 
(Computed from geometrical dimensions of the overall surface area of the            trapezoidal glass pot with square lid)
FIGURE 3.3

DESIGN OF INTEGRATED GREENHOUSE POT
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IGURE 3.4

A BLACK COATED ALUMINIUM VESSEL WITH GLASS LID

[image: image7.jpg]Foem (367)





[image: image8.jpg]



PLATE-3

TOP VIEW OF INTEGRATED GREENHOUSE POT

ESTIMATION OF COST


The total cost required for the construction of an integrated solar cooker with cost of each component is given below

	S.NO
	ITEM
	UNIT
	QUANTITY
	COST

	       1.
	Cardboard of size 120cmx90cm
	        No
	          1
	         45.00

	2.
	Aluminium reflector foil (quarter size)
	        No
	          7
	          85.00

	         3.


	Glass box (base 14cmx14cm,top 30.5cmx30.5cm,height 16cm)
	        No
	         1
	        150.00 

	         4.
	Aluminium cooking vessel(diameter 16cm,height 6cm)
	        No
	          1
	        30.00

	5.
	Gum
	        mL
	         300
	        32.00

	         6.
	Blackboard paint
	        mL
	           50
	          8.00 

	         7.
	Labour Charge
	        mL
	           50
	         20.00



TOTAL     = Rs 370.00/ only  

3.4   OPTICS OF THE COOKIT

The cooKit solar cooker is comprised of five flat reflective surfaces. The cooking vessel is kept in the middle of the base where the rays concentrate as shown in the Figure.3.1 Panels 1-3 are at a tilt angle of 70 degrees. Panel 4 lies flat on the ground.


The developed cooKit is less expensive, simple to handle with less weight and a good alternative of other types of cookers. The cooKit has proven to cook well in varied solar conditions. The aluminium cooking pot is a plain glass box and kept at the centre of the cooker. The user adjusts the front flap (panel 5) to a suitable tilt angle. The cooker may occasionally be turned to follow the sun. The front flap is kept constant during the entire cooking period.


The cooker is placed on a leveled surface facing the hot sun. Narrow cross hatching represents reflection to the pot and wide cross hatching represents secondary or tertiary reflection to the pot. Hatched areas are not proportional to the amount of solar power reflected to the pot, since each area has a different incidence angle i, between the solar ray and the perpendicular to the area. When the incident angle is zero, the rays are perpendicular to the surface and the surface intercepts the rays.


On a clear sunny day, most of the radiation is beam type and on an over cost day, diffuse radiation becomes a larger portion. The direct solar power to the pot varies with elevation because of the variation in top and side areas exposed to the sun. All radiation is assumed to be specular with perfect reflectance. Some of the reflections is diffuse and a minor percentage is not reflected.


The heat energy concentrated to the cooking vessel is relatively large. At zero azimuth, 22 to 56% of the total reflective power is provided. Even at 30° azimuth, it still provides approximately as much power as the highest panel (panel 1) during the use for maximum heating.


As panel 4 is not directly facing the sun and kept on the ground the loss of reflection is high and as there is no curvature, the concentration of heat is less which is negligible.

A concentration ratio is defined as the total solar power to the pot divided by the solar power to pot in the absence of any panel reflection.  

                                                Total solar power to the pot

                               CR =  

                                          Solar power to pot in the absence of any

                                                        Panel reflection

3.5 THEORY AND PRINCIPLE OF COOKIT AND IGP

The solar panel cooker works on the principle of “greenhouse effect”


Glass easily transmits short wave radiation but it is a very poor transmitter of long wave radiation. Once the sun’s ray has passed through the glass and has been absorbed by some material inside, the heat will not be re-radiated back outside. Therefore, glass will act as a heat trap. This is known as greenhouse effect”


Panel solar cookers are the first solar cookers, that are affordable to the world’s neediest. It is elegant, simple and is an effective and convenient cooking device. It requires an exteriorly black coated cooking vessel, a glass bowl or glass vessel with a lid to keep the cooking pot and a reflector to concentrate the heat.


Experiments were also conducted by keeping the glass box in a transparent plastic bag and observed the cooking time considerably reduced. Larger families can use two or more cookers to save time and to trap the heat in the peak hot hours. The cooKit weighs half a kilogram and folds to the size of a big note book for easy transportation. The cooKit uses no fuel and it is user friendly.

The outer surface of the cooking vessel has a black surface to absorb solar energy received through the glass walls of the container. There should be at least 1.5cm of air space between the bottom of the metal vessel and the bottom of the glass bowl or glass box. Both the cooking vessel and the glass vessel should be closed by glass lid to create green house effect and to protect air circulation. The cooker placed in the hot sun in peak hours works very effectively and cooks the food quickly within an hour.

 3.5.1 THE HEATING CURVE

During the heating of water, the time taken, d(, for a water temperature rise dTw is
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   ------------------ (3.1)
Where,

             Qu     = Rate of useful heat gain by water 

      
(0      = Optical efficiency

  Ib      = Beam insolation on the plane of cooker aperture

 Ac     = Aperture area.

If the solar insolation and ambient temperature are constant over a certain interval of time,(. Equation (3.1) can be integrated over this time interval. If the water temperature rises from Tw1 to Tw2.

( = -(0 ln [image: image14.png]


     -------------------------------- (3.2)

Where, (0 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 (Ac/Aa). The cooker parameter (F’(0) can be determined from the expression as

F’(o = [image: image16.png]
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The time for heating of water from ambient temperature up to 100( C, (boil can be obtained by
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A part of (boil versus the climatic parameter (100-Ta)/Ib could be referred to as the characteristic curve of the cooker.
3.5.2
THE HEATING -COOLING CURVE

Analyze the time interval during the cooling of water, the time taken d( for a fall of water temperature, dTw
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  ---------------------- (3.5)

Where,


QL      = Rate of heat loss from the pot


At     = Surface area of the pot


F’     = Heat exchange efficiency 


UL      = Overall heat loss factor of the pot


Ta    = Ambient air temperature

     (MC) w   = Mass of water taken and its specific heat

    (MC)’w   = Heat capacity of the pot

Assuming the heat loss factor (UL) and ambient temperature (Ta) are constant during the cooling test. Equation (3.5) can be integrated over the time interval (, during which the water temperature falls from Tw0 to Tw

(  =  [image: image24.png]
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Equation (3.2) can be written as
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Where,

(0 = [image: image30.png]Mo)w
AF'U;



      -----------------------------------   (3.8)

         The temperature difference (Tw-Ta) falls to (1/e) of the initial value after a time 
( = (0.Thus (0 is the time constant for cooling and can be found from the cooling curve.

3.5.3 OVERALL EFFICIENCY
        The overall efficiency of the solar panel cooker is given by
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EXPERIMENTATION-PERFORMANCE ANALYSIS
3.6 TESTING METHODS


The integrated greenhouse pot is placed in the base pan of the cooKit, with the reflector facing the sun. The accuracy of the measuring instruments, such as thermometer, pyranometer and anemometer were confirmed by measuring ambient temperature (Ta), solar insolation (It) and wind velocity (Uw) and the values are tabulated in table .4.1.


The diffuse radiation (Id) and total global radiation (It) were measured using a pyranometer with and without a shading device and the beam radiation (Ib), reaching the cooking pot is calculated by using the relation It = Ib + Id. The readings of the pyranometer in millivolts were converted into watts/meter2   by the conversion equation 1mv = 1000/12.64 watts/meter2, where 12.64 is the conversion factor for the pyranometer used.

3.7 EXPERIMENTAL STUDY



The experiments were conducted on the open terrace of Avinashilingam University, Coimbatore. The cooKit is positioned in south east in the forenoon   and south west in the afternoon. So that the reflector faces the direction of the sun. The observations were carried out on a number of clear sunny days from February to March 2008 with the integrated greenhouse pot and the best of the observations were chosen for tabulation and calculation. 
The following tests were carried out to analyse the performance of integrated greenhouse pot and cooKit. 

· Stagnation/No load test in integrated greenhouse pot

· Heating of known amount of water

· Heating-cooling test

· Thermal tests with three different lids on the cooking pot

· Thermal test of cooking pot without integrated greenhouse pot

· Thermal test in integrated greenhouse pot without cooKit

· Thermal tests in integrated greenhouse pot kept inside a transparent plastic bag

· Cooking tests

3.7.1 STAGNATION TEST/NO LOAD TEST IN IGP


The stagnation temperature is the maximum temperature attained by the cooking vessel without any load in it. (i.e) at noon, the cooking vessel temperature becomes steady.

   To measure the stagnation temperature the cooking vessel is placed in the  greenhouse pot kept in the cooKit and the temperatures of cooking vessel  (Tv ), air  of cooking vessel  (Tair) , inside bottom of IGP  (Tb) and the cooking lid   (Tl ) were measured on every 15 minutes by using a thermocouple and a digital multimeter. Simultaneously, the wind velocity (Uw), ambient temperature (Ta)   and the beam radiation (Ib) were also measured at the same intervals. The observations of the stagnation test are recorded in the table.4.2. and they are presented graphically in Figure 4.4. The stagnation test was conducted on three clear sunny days and the best of the readings were tabulated in table .4.2.

3.7.2 HEATING TEST OF KNOWN AMOUNT OF WATER


The cooking vessel with 500ml of water kept in the integrated greenhouse pot is placed in the bottom panel of cooKit and they are exposed to solar radiation. Temperature of water (Tw), lid of vessel (Tl), bottom of IGP (Tb) and also solar radiation (Ib), wind velocity (Uw) and ambient temperature (Ta) were measured at regular intervals of every 15 minutes from 12.00 noon to the 4.00 p.m. The water temperature is maximum at 12.30 p.m. The values observed are recorded in table. 4.3. and they are presented graphically in Figure 4.5.

3.7.3 HEATING-COOLING TEST


The parameters optical efficiency F’η0, heat loss factor F’UL, τboil and overall efficiency η as defined by Garg and Kandpal.T.C(1995) were found  out from the water heating  cooling test.



For water heating test, the black coated aluminium pot is filled with 500 mL of water and kept in the integrated greenhouse pot which is in the cooKit is exposed to sun light. Temperature of water (Tw) and other parameters were measured on the same intervals of every 10minutes. When the maximum point is reached, the cooling tests were done. For cooling tests the solar panel cooker is covered with a white opaque cloth and  then the fall of water temperature is noted for the same intervals and the readings are recorded in table. 4.4 and are also presented graphically in Figure 4.6.  The readings of the sensible heating-cooling tests were used to analyse the performance by calculating the efficiency.
3.7.4 THERMAL TESTS WITH THREE DIFFERENT LIDS ON THE COOKING POT


The cooking vessel is filled with 500 mL of water and closed it with a glass lid. The vessel is kept in the integrated greenhouse box and then placed in the base panel 4 of the cooKit. Temperatures of water (Tw), lid of cooking vessel (Tl ), air in cooking vessel (Tair) and bottom of IGP (Tb)  were measured for every 15 minutes along with the measurement of wind velocity (Uw) solar radiation (Ib) and ambient temperature (Ta )  . The experiments were repeated by changing lids made of black coated aluminium and acrylic materials, on three different sunny days in the same intervals of time, within the same duration 12.15 to 4.00 p.m. The observations with the three lids were recorded in table .4.3, 4.5 and 4.6 respectively.

[image: image33.jpg]



PLATE-4

INTEGRATED GREENHOUSE POT WITH SOLAR COOKIT
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PLATE-5

COOKING VESSEL WITH GLASS LID IN INTEGRATED GREENHOUSE POT


A comparison of water temperature with three different lids on the cooking pot measured on three different sunny days is presented in table .4.11. along with the average values of solar insolation ( Ib ),  ambient temperature (Ta)  and average wind velocity(Uw )  measured for the three different days. The variation of water temperature in cooking pot with the three lids is also presented graphically in Figure .4.7.

3.7.5 THERMAL TEST OF COOKING VESSEL IN THE COOKIT WITHOUT GREENHOUSE POT 


The cooking vessel is filled with 500ml of water and it is placed in the cooKit without integrated greenhouse pot. Temperatures of water (Tw ),  lid of cooking vessel (Tl), and cooKit panel (Tc) were measured for every 15 minutes .The readings are tabulated in table .4.7.

3.7.6 THERMAL TEST IN INTEGRATED GREENHOUSE POT WITHOUT COOKIT


The cooking vessel with 500mLof water is placed in the integrated greenhouse pot outside the cooKit. Temperatures of water (Tw ), bottom of IGP (Tb ) and lid of vessel (Tl ) were measured for every 15 minutes and the wind velocity (Uw ) , solar radiation( Ib)  and ambient temperature (Ta ) were also measured simultaneously from 10.45 to 2.15 p.m.The water temperature is maximum at 12.30 p.m and the readings are tabulated in the table. 4.8.

3.7.7 THERMAL TESTS IN INTEGRATED GREENHOUSE POT KEPT IN A SEALED TRANSPARENT PLASTIC BAG

To know the effect of heat loss by radiation, the temperature profile of integrated greenhouse pot by keeping it in a sealed transparent plastic bag placed in cooKit is also observed and the readings are tabulated in table .4.9. The maximum temperature of water is observed to be 96°C, with an average solar insolation of 720.39 W/m2 on that day.

3.7.8 COOKING TESTS


Cooking tests were conducted on a number of days with different foodstuff such as rice, potato, egg and carrot to know the efficiency of cooking in integrated greenhouse pot. The temperatures of the food before and after cooking were observed and the readings are tabulated in table .4.10.The total time taken for cooking different foodstuff are also noted in the same table . From the table, it is clear that 100 gm of raw rice was cooked within 90 minutes , 175gm of potato is well cooked in 60 minutes,egg is boiled in 35 minutes, and finally 100 gm of carrot was cooked within 40 minutes in high solar radiation. The cooking times are different for different foodstuff and the observations of the cooking tests are tabulated in table .4.10.and depicted pictorially in Figure .4.8.

SAMPLE CALCULATIONS

1. Heat loss factor
F’UL
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Mw

=
0.5Kg


Sw
=
4190 J/Kg/K

Ma

=
0.125Kg

Sa
=
226 J/Kg/K

Ac   
=
0.2889m2

𝜏0
=
70mins (4200secs)

Aa

= 
πr2 + 2πrh



=
(3.14 x 8 x 8 + 2 x 3.14 x 8 x 6) x 10 - 4
Aa

=
0.0502m2
F`UL
=
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F`UL
=
10.07 W/m2

2. Optical Efficiency
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       =     1.751  x   0.1568

       =     0.2746  x  100

F`η0 =    27.46%
3. ( boil
( boil   =   (0 ln [image: image64.png]
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                    (or)

𝜏boil        =   49.18 mins
4. Overall Efficiency
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CHAPTER IV

RESULTS AND DISCUSSION

4.1 INTRODUCTION


I have designed and fabricated a greenhouse pot and analysed its performance by placing it in a panel cooker of the cooKit type, which is also self fabricated. The greenhouse pot integrates a black metal cooking pot and a transparent green house in to a convenient assembly for use in a solar panel cooker. The glass pot allows light to enter through all its sides, bottom and top and traps the heat converted from the absorbed light inside using the greenhouse effect. The cooKit is low cost, light weight and folds up very small in size 50cm x 50cm and hence easily portable. The integration of greenhouse glass pot in it trapping heat inside is found to be efficient even on cloudy and windy days, as on hot days.

4.1.1 NO LOAD/STAGNATION TEST

In the temperature profile obtained for stagnation (no load) test (table .4.2), the average temperature of the vessel remained above 100°C for a greater span of time from 11.15 a.m to 3.15 p.m, even though the solar insolation varied from 822 to 633 W/m2  with considerable variation in wind velocity 1.3 to 2 m/sec. The maximum temperature observed during this span of time was 125°C. The maintenance of uniform high temperature within the vessel, inspite of varying weather parameters indicates that there is intense greenhouse effect in the pot which is also evident from the Figure (4.4).
4.1.2 HEATING OF KNOWN AMOUNT OF WATER



The time temperature profile measured for a known mass of water in integrated greenhouse pot, is recorded in table 4.3. The temperature of water is observed to be almost uniform for a wide span of time from 1 p.m to 4 p.m, even though there was variation in insolation and wind velocity. The uniform temperature maintained as shown in Figure (4.5) for the water in the pot itself is an evidence for the functionality of the greenhouse pot for its name.

4.1.3 ANALYSIS OF HEATING COOLING CURVE

The optical efficiency F’η0 and heat loss factor  F’UL of the greenhouse cooker are computed from the heating cooling curve Figure. 4.6 using equation 3.3 and 3.10 as given in sample calculations (p: 46). The values of F’η0 and F’UL are observed to be 27.46 % and 10.07 W/m2 respectively. This cooker being an integration of a  box type and panel type cooker ,one can equate very well the optical efficiency F’η0 as the  first figure  of merit and heat loss factor  F’UL as the  second figure of merit of a box type cooker .


The time constant of the cooker τ0 from the heating cooling curve Figure (4.6), when the temperature difference (Tw - Ta) falls to 1/e of the maximum value after a time 
τ = τ0 is found out to be 70 minutes. The computation of τboil using equation (3.4) is useful in predicting the heating time to boil under any given climatic condition Ib and ambient temperature Ta . From the sample calculation done using equation (3.4) with an average beam solar insolation Ib = 846.48 W/m2 and ambient temperature Ta = 33°C, τboil is observed to be 49.18 mins .The overall efficiency of the integrated unit calculated by equation (3.9) is found to be 19.97 % as given in sample calculations (p: 46).The optical parameters obtaine from the analysis of heating cooling curve are presented in table.4.12.
4.1.4 PERFORMANCE COMPARISON OF THREE LIDS

                A time temperature profile recorded in table (4.11) and Figure (4.7) using lids of glass ,black coated aluminium and acrylic plastic material on the cooking vessel, revealed that glass is the best material to be used as a cooking pot lid, for its  enhanced double glazed greenhouse effect in integrated greenhouse pot .The maximum temperature of water with glass lid was 96°C for 500 mL of water in the pot, where as for aluminium and plastic lids, the  temperatures were only 65°C and 62°C respectively.

4.1.5 THERMAL TESTS WITH AND WITHOUT COOKIT


To study how for the greenhouse pot is effective without concentration of sunlight from reflectors, thermal tests were carried out by exposing the greenhouse pot alone away from cooKit. Also to analyse the study vice versa, the cooking vessel alone is kept in the cooKit without the greenhouse glass pot and the temperatures of water at regular intervals were measured.The time temperature readings presented in table (4.7) and (4.8) indicated that, the integration of the unit with glass pot and cooKit only gives better performance than by keeping isolated from each other.
4.1.6 HEATING OF WATER WITH PLASTIC BAG

Just for a thrill of scientific quest and inquisitiveness, temperature measurements were made by keeping the glass pot with the cooking vessel in a sealed transparent plastic bag kept in cooKit so as to minimise radiation loss and also to get enhanced double glazed concentration of light althrough the surface of the pot. Despite the expectation, the maximum temperature (table .4.9) observed was only 96°C for water. The reason may be the poor quality of the plastic bag used or oversize of the bag with more air contained in it.
4.1.7 COOKING TESTS

The cooking times consumed for different foodstuff (table 4.10) revealed that the constructed cooker performance is satisfactory within the constraints of the design or fabrication.
4.2 CONCLUSION

To conclude with, the device is simple in design and construction, easy to operate and being low cost, its mass production is possible. It is light weight and is portable to the work spot for rural women and food can be cooked while they are at work. Ultimately the cooker design is a successful one with satisfactory performance and hence can be popularized among the rural folk.
CHAPTER-V

SUMMARY AND CONCLUSION

INTRODUCTION


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. In this world of energy crisis, solar energy which plays a crucial role is going to revolutionize the present –society with its accelerated thrust of development.

HIGHLIGHTS OF THE STUDY

· The optical efficiency F’(0 of the integrated greenhouse pot is 27.46% and it depends on the insolation focused on the overall surface area of integrated greenhouse pot and also on the wind velocity.

· The heat loss factor of integrated greenhouse pot was found to be 10.07 W/m2.

· The value of (boil is found from the sensible heating under beam insolation 846.48 W/m2 and ambient temperature 33◦C and is found to be 49.18 minutes for 500mL of water.

· The no load test results indicate that there is intense greenhouse effect in the glass pot designed.

· Integrated greenhouse pot in solar cooKit doesn’t need frequent tracking.

· The cooking times consumed for different foodstuff are reasonable within the constraints of the cooker

· Uniform trapping of heat over a wide span of time with the total integration of the unit is a fascinating factor of the cooker.

OUTCOME


The self designed integrated greenhouse pot in a self made cooKit gave better expected results. Though it is not a sophisticated one, such cookers, which are affordable and easy to operate for cooking can be popularized in rural areas especially among the rural women going to fields for work and it is easy to carry the cooker to the field.

LIMITATIONS

· Focused radiations may be protected from eye and body.

· Cooking time is more and it can be reduced by optimizing the dimensions of the cooKit as well as integrated greenhouse pot.

· The reflectivity of solar cooKit is less and can be improved by using better reflectors.

FUTURE SCOPE

· Study on the determination of various tilt or orientation for optimum concentration can be made.

· Cooking vessel and lid of different shape, size and material can be tried to study the effect on the performance of the integrated greenhouse pot.

· The effect of various reflectors, different qualities of aluminium, can be studied.

· The shape and size of the integrated greenhouse pot can be designed to have optimum efficiency by varying the dimensions.

· The cooKit design can also be reshaped so as to have maximum energy concentration to a specific area.

· The cooking pot can be selectively coated for the enhanced absorption of radiation.

· Glass of various thickness and quality can be tried for the better performance of integrated greenhouse pot.

· Performance comparison in the stationary and adjusted mode of solar cooKit can be made.

CONCLUSION


The efficiency of the integrated greenhouse pot is better increased by using good reflectors. The performance of the self designed integrated greenhouse pot is found to be efficient in sunny days and moderate in cloudy days, and it is suitable for tropical countries like ours. 
The additional benefits of integrated greenhouse pot and cooKit are:

· It can be afforded by low income group and can be used either by buying or by making their own

· It is light weight and is easily portable to any venue.

· It is easy and simple in construction and hence can be made by anybody with less mechanical skill.

· It requires less maintenance, cheap (Rs 370/ only) and hence low income people can also afford it.

· It is simple in operation and hence can be used by anybody to save energy and time.

Table 4.1

Variation of meteorological parameters with Time of the Day

Date: 20.2.2008

	Time

(Hrs)
	Ambient

Temperature

Ta(˚C)
	Wind

Velocity

Uw(m/sec)
	Pyranometer Readings(mv)


It                  Id                 Ib
	Solar Insolation

Ib(W/m2)

	10.30

11.0

11.30

12.00

12.30

1.00

1.30

2.00

2.30

3.00

3.30

4.00
	34.5

35.0

35.5

35.8

36.0

36.5

37.0

37.5

36.0

35.5

34.0

32.0
	0.3

1.4

2.6

3.5

0.6

1.5

2.3

2.4

1.5

1.9

0.6

1.7
	12.0                1.1              10.9

12.2                1 .2             11.0

12.4                1.2              11.2

12.3               1.5              10.8

13.5               1.3              12.2

13.7                 1.5              12.2

14.1              1.4              12.7

13.8                1.4              12.4

13.4              1.5              11.9

12.7                1.6              11.1

11. 5               1.2              10.3

12.0               1.2              10.8


	862.34

870.25

886.08

854.43

965.19

965.19

1004.75

981.01

941.46

876.16

814.87

854.43


	
Time 

(Hrs)
	Temperature(°C)
	Ambient

Temperature

Ta(˚C)
	Wind

Velocity

Uw (m/sec)
	Pyranometer Readings(mv)
	Solar Insolation

Ib(W/m2)

	
	Bottom

Tb(˚C)
	Air

Tair(˚C)
	Vessel
Tv(˚C)
	Lid

Tl(˚C)
	
	
	It
	Id
	Ib
	

	11.30

11.45

12.00

12.15

12.30

12.45

1.00

1.15

1.30

1.45

2.00

2.15

2.30

2.45

3.00

3.15

3.30

3.45

4.00
	61

74

75

76

83

84

85

86

87

85

81

77

76

74

72

71

69

67

61
	70

82

85

89

91

93

94

98

103

104

100

99

99

98

96

93

89

86

83
	84

101

105

105

107

110

112

120

125

125

123

121

119

118

112

108

100

96

86
	69

80

82

87

89

90

90

97

100

105

101

100

99

97

95

91

86

84

74
	32.2

34.6

33.3

34.0

34.1

34.3

34.4

34.5

36.0

36.0

35.5

36.0

36.5

37.5

37.3

38.0

36.5

35.6

37.5
	0.7

0.0

1.3

0.8

0.5

0.9

0.9

0.6

1.5

1.7

1.8

2.9

1.4

0.4

0.5

1.0

2.0

0.5

2.6
	8.3

12.4

8.8

9.7

10.9

11.9

12.7

11.7

12.4

11.9

11.9

11.6

10.4

10.5

9.8

9.3

8.0

7.7

7.4
	1.1

2.0

1.2

1.4

1.6

1.9

2.1

1.8

2.2

1.9

1.9

1.8

1.4

1.5

1.4

1.3

1.0

1.0

1.0
	7.2

10.4

7.6

8.3

9.3

10.0

10.6

9.9

10.2

10.0

10.0

9.8

9.0

9.0

8.4

8.0

7.0

6.7

6.4
	569.62

822.78

601.27

656.65

735.76

791.14

838.61

783.23

806.96

791.14

791.14

775.32

712.03

712.03

664.56

632.91

553.80

530.06

506.33


Table 4.3

Heating Process of water in cooking pot with Glass Lid in IGP

Date: 6.3.2008

	Time 

(Hrs)
	Temperature(˚C)
	Water

Temperature

Tw(˚C)
	Ambient

Temperature

Ta(˚C)
	Wind

Velocity

Uw (m/sec)
	Pyranometer Readings(mv)
	Solar Insolation

Ib(W/m2)



	
	Bottom

Tb(˚C)
	Air

Tair
(˚C)
	Lid

Tl
(˚C)
	
	
	
	It
	Id
	Ib
	

	12.50

12.30

12.45

1.00

1.15

1.30

1.45

2.00

2.15

2.30

2.45

3.00

3.15

3.30

3.45

4.00
	82

86

95

93

92

92

89

85

80

76

74

73

70

64

62

61
	60

70

86

89

90

97

98

98

97

96

94

93

92

92

90

88
	54

64

84

85

88

95

95

96

95

95

93

92

92

91

90

86
	44

59

82

84

86

94

95

98

95

95

94

94

90

92

91

87
	33.2

34.1

35.0

34.7

34.0

35.5

35.3

35.7

35.9

35.6

35.9

35.5

35.1

35.5

35.6

34.5
	0.4

1.7

1.9

1.2

0.8

2.7

1.7

1.3

1.5

2.5

0.8

2.3

1.3

1.2

2.2

1.5
	13.7

13.8

13.8

13.7

13.6

13.3

13.1

12.9

12.3

12.0

11.8

11.7

10.2

9.7

9.5

8.3
	2.3

2.4

2.3

2.2

2.0

2.0

1.9

1.8

1.8

1.7

1.7

1.7

1.5

1.3

1.3

1.1
	11.4

11.4

11.5

11.5

11.6

11.3

11.2

11.1

10.5

10.3

10.1

10.0

8.7

8.4

8.2

7.2
	901.90

901.90

909.81

909.81

917.72

893.99

886.08

895.16

830.70

814.87

799.05

791.14

688.29

664.56

648.73

569.62



	Time 

(Hrs)
	Temperature(˚C)
	Water

Temperature

Tw(˚C)
	Ambient

Temperature

Ta(˚C)
	(Tw-Ta)

(˚C)
	ln

(Tw-Ta)

(˚C)
	Wind

Velocity Uw (m/sec)
	Pyranometer Readings(mv)
	Solar Insolation

Ib(W/m2)



	
	Bottom

Tb(˚C)
	Air

Tair
(˚C)
	Lid

Tl
(˚C)
	
	
	
	
	
	It
	Id
	Ib
	

	11.00

11.10

11.20

11.30

11.40

11.50

12.00

12.10

12.20

12.30

12.40

12.50

1.00

1.10

1.20

1.30

1.40

1.50

2.00

2.10

2.20

2.30

2.40

2.50

3.00
	45

57

61

69

76

78

84

91

94

100

101

103

102

88

81

77

75

68

67

65

64

59

55

43

34
	40

48

52

59

65

68

74

75

76

88

90

90

89

64

53

47

45

44

44

43

40

40

38

36

32
	45

53

59

66

71

72

77

84

86

92

93

97

95

89

79

76

74

67

66

64

62

57

54

42

33
	35

46

53

61

68

70

76

84

86

92

95

97

94

82

77

72

70

66

59

56

55

53

50

45

34
	30.6

31.0

30.5

31.0

32.0

33.5

32.0

32.0

31.8

32.6

33.4

33.7

34.0

33.1

32.7

34.6

34.1

34.8

34.5

34.0

34.2

34.0

33.7

32.5

31.4
	4.4

15.0

22.5

30.0

36.0

36.5

44.0

52.0

54.2

59.4

61.6

63.3

60.0

48.9

44.3

37.4

35.9

31.2

24.5

22.0

20.8

19.0

16.3

12.5

2.7
	1.5

2.7

3.1

3.4

3.6

3.6

3.8

3.9

3.9

4.0

4.1

4.1

4.1

3.9

3.8

3.6

3.6

3.4

3.2

3.1

3.0

2.9

2.8

2.5

0.9
	2.9

2.6

3.5

1.9

2.2

0.6

1.6

1.1

3.8

2.2

0.9

0.6

3.2

2.6

3.1

2.7

0.8

1.3

0.2

1.6

0.9

1.1

2.0

1.7

0.5
	10.5

11.3

12.0

12.7

13.0

12.8

13.2

13.7

13.8

14.1

13.8

14.5

14.1

14.4

14.3

14.7

14.7

14.1

13.3

13.2

12.7

12.4

12.2

12.0

11.2
	1.3

1.6

1.8

1.9

2.1

2.0

2.1

2.2

2.2

2.3

2.2

2.3

2.2

2.4

2.0

2.5

2.4

2.1

2.1

2.1

2.0

1.9

1.8

1.8

1.6
	9.2

9.7

10.2

10.8

10.9

10.8

11.1

11.5

11.6

11.8

11.6

12.2

11.9

12.0

12.1

12.2

12.3

12.0

11.2

11.1

10.7

10.5

10.4

10.2

9.6
	727.85

767.41

806.96

854.43

862.34

854.43

878.16

909.81

917.72

933.54

917.72

965.19

941.46

949.37

957.28

965.19

973.10

949.37

886.08

878.16

846.52

830.70

822.78

806.96

759.49






                                                   Mean =33.3




              Mean=846.48             

Table 4.5

Heating Process of water in cooking pot with black coated Aluminum Lid in IGP

Date: 18.3.2008

	Time 

(Hrs)
	Temperature(˚C)
	Water

Temperature

Tw(˚C)
	Ambient

Temperature

Ta(˚C)
	Wind

Velocity

Uw (m/sec)
	Pyranometer Readings(mv)
	Solar Insolation

Ib(W/m2)



	
	Bottom

Tb(˚C)
	Air

Tair
(˚C)
	Lid

Tl
(˚C)
	
	
	
	It
	Id
	Ib
	

	12.15

12.30

12.45

1.00

1.15

1.30

1.45

2.00

2.15

2.30

2.45

3.00

3.15

3.30

3.45

4.00
	33

35

36

37

39

41

44

48

48

50

49

49

48

44

34

33
	58

59

60

61

62

63

63

65

67

69

71

74

73

69

56

51
	46

48

49

51

53

56

59

63

68

69

71

71

70

64

50

49
	39

40

44

48

50

53

54

54

56

57

58

59

62

61

56

53
	29.1

30.9

29.0

31.5

28.5

31.6

30.5

29.5

30.0

29.8

31.4

31.0

32.4

32.4

31.5

29.4
	0.5

1.0

1.3

2.3

1.0

1.0

0.0

1.3

1.9

0.2

0.3

0.1

0.4

0.7

1.4

0.6
	4.9

9.5

8.9

9.8

3.9

12.6

4.0

6.5

3.8

2.7

10.0

8.0

4.3

3.5

4.2

3.4
	0.5

1.1

1.0

1.3

1.0

2.0

0.3

0.5

0.2

0.2

1.4

0.8

0.3

0.2

0.3

0.2
	4.4

8.4

8.0

8.5

3.7.10.6

3.7

6.0

3.6

2.5

8.6

7.2

4.0

3.3

3.9

3.2
	348.10

664.56

632.91

672.47

292.72

838.61

292.72

474.68

284.81

197.78

680.38

569.62

316.46

261.08

308.54

253.16


Table 4.6

Heating process of water in cooking pot with plastic Lid in IGP 

Date: 19.3.2008

	Time 

(Hrs)
	Temperature(˚C)
	Water

Temperature

Tw(˚C)
	Ambient

Temperature

Ta(˚C)
	Wind

Velocity

Uw (m/sec)
	Pyranometer Readings(mv)
	Solar Insolation

Ib(W/m2)



	
	Bottom

Tb (˚C)
	Air

Tair
(˚C)
	Lid

Tl
(˚C)
	
	
	
	It
	Id
	Ib
	

	12.15

12.30

12.45

1.00

1.15

1.30

1.45

2.00

2.15

2.30

2.45

3.00

3.15

3.30

3.45

4.00
	27

31

34

49

52

54

54

55

55

46

42

42

41

40

38

35
	40

45

53

57

60

63

64

65

64

64

62

59

55

54

50

46
	39

43

51

53

57

60

61

63

63

60

58

55

54

49

47

46
	29

35

39

46

53

62

63

64

65

65

61

58

55

54

51

50
	29.5

28.2

30.6

30.2

30.5

30.4

31.0

31.5

30.6

30.6

30.5

29.5

29.5

29.1

30.5

28.5
	0.9

3.8

2.6

0.7

2.3

0.9

1.3

0.9

3.2

1.2

2.6

3.2

1.3

1.2

0.4

0.9
	7.5

4.7

9.7

7.2

12.5

5.5

5.7

5.9

6.0

2.7

4.6

1.1

4.2

1.2

4.8

5.1
	0.8

0.5

1.1

0.8

2.0

0.5

0.6

0.6

0.6

0.3

0.5

0.1

0.5

0.1

0.5

0.6
	6.7

4.2

8.6

6.4

10.5

5.0

5.1

5.3

5.4

2.4

4.1

1.0

3.7

1.1

4.3

4.5
	530.06

332.28

680.38

506.33

830.70

395.57

403.48

419.30

427.22

189.87

324.37

79.114

292.72

87.025

340.19

356.01


Table 4.7

Heating Process of water in black coated cooking pot with glass lid placed in the cook it without IGP

Date: 20.3.2008

	Time 

(Hrs)
	Temperature(˚C)
	Water

Temperature

Tw(˚C)
	Ambient

Temperature

Ta(˚C)
	Wind

Velocity

Uw (m/sec)
	Pyranometer Readings(mv)
	Solar Insolation

Ib(W/m2)



	
	cooKit

panel

Tc(˚C) 
	Air

Tair
(˚C)
	Lid

Tl
(˚C)
	
	
	
	It
	Id
	Ib
	

	10.30

10.45

11.00

11.15

11.30

11.45

12.00

12.15

12.30

12.45

1.00

1.15

1.30

1.45

2.00

2.15

2.30
	56

68

68

68

70

70

72

74

78

84

76

75

75

74

72

72

68
	58

68

76

76

78

78

84

88

90

94

92

88

79

76

75

74

70
	50

62

64

66

68

68

74

75

76

80

70

68

66

64

64

62

59
	56

64

74

76

78

78

80

82

82

84

88

86

84

82

80

76

74
	28.0

29.1

33.1

33.5

33.7

33.9

34.1

34.6

34.7

33.6

35.3

34.5

34.1

33.5

34.3

32.2

31.1
	0.5

1.8

1.7

1.3

1.5

2.2

0.9

2.6

1.9

2.4

1.6

1.4

1.4

0.7

2.1

1.3

1.1
	9.5

10.9

11.6

12.7

12.2

12.8

12.4

13.1

13.6

13.8

13.2

12.6

12.3

12.5

11.2

11.7

10.6
	1.6

1.2

1.4

1.6

1.5

1.7

1.2

2.3

2.3

2.3

2.1

1.4

1.6

1.2

1.4

1.3

1.2
	7.9

9.7

10.2

11.1

10.7

11.1

11.0

10.8

11.3

11.5

11.1

11.2

10.7

11.3

9.8

10.4

9.4
	625.00

767.41

806.96

878.16

846.52

878.16

870.25

854.45

893.99

909.81

878.16

886.08

846.52

893.99

775.32

822.78

743.67


Table 4.8

Heating Process of water in black coated cooking pot with Glass lid in IGP without cookit

Date: 31.3.2008

	Time 

(Hrs)
	Temperature(˚C)
	Water

Temperature

Tw(˚C)
	Ambient

Temperature

Ta(˚C)
	Wind

Velocity

Uw (m/sec)
	Pyranometer Readings(mv)
	Solar Insolation

Ib(W/m2)



	
	Bottom

Tb(˚C)
	Air

Tair
(˚C)
	Lid

Tl
(˚C)
	
	
	
	It
	Id
	Ib
	

	10.45

11.00

11.15

11.30

11.45

12.00

12.15

12.30

12.45

1.00

1.15

1.30

1.45

2.00

2.15
	40

46

47

48

50

51

52

55

50

49

48

46

45

43

41
	45

46

51

52

53

55

57

62

59

59

58

56

54

51

48
	43

44

49

51

52

54

54

59

58

57

55

53

52

50

46
	40

45

51

54

58

59

60

59

63

58

55

52

50

50

46
	33.6

32.8

34.0

34.1

32.8

33.3

34.5

34.9

34.2

33.5

33.1

35.9

34.3

32.5

31.9
	0.0

0.0

0.3

0.1

0.4

0.5

0.7

0.5

0.2

0.5

0.6

0.2

0.1

0.0

0.4
	11.4

4.9

12.0

5.1

4.8

10.2

13.2

12.1

12.3

11.5

11.3

10.7

6.6

10.9

11.5
	1.6

0.5

1.7

0.6

0.5

1.2

2.0

1.8

1.8

1.7

1.6

1.3

0.6

1.4

1.6
	9.8

4.4

10.3

4.5

4.3

9.0

11.2

10.3

10.5

9.8

9.7

9.4

6.0

9.5

9.9
	775.32

348.10

814.87

356.01

340.19

712.03

886.08

814.87

830.70

775.32

767.41

743.67

474.68

751.58

783.23


Table 4.9

Heating Process of water in cooking pot with Glass lid in IGP kept in a sealed transparent  Plastic bag

Date: 24.3.2008

	Time 

(Hrs)
	Temperature(˚C)
	Water

Temperature

Tw(˚C)
	Ambient

Temperature

Ta(˚C)
	Wind

Velocity

Uw (m/sec)
	Pyranometer Readings(mv)
	Solar Insolation

Ib(W/m2)



	
	Bottom

Tb(˚C)
	Air

Tair
(°C)
	Bag

Tbag
(°C)
	
	
	
	It
	Id
	Ib
	

	10.30

10.45

11.00

11.15

11.30

11.45

12.00

12.15

12.30

12.45

1.00

1.15

1.30

1.45

2.00

2.15

2.30

2.45

3.00

3.15

3.30

3.45
	49

61

68

73

78

80

82

86

85

85

83

81

80

80

79

76

74

73

70

68

64

55
	42

43

57

60

67

73

76

86

87

88

89

90

91

91

90

88

85

80

79

72

65

58
	47

50

53

54

55

56

56

57

56

55

54

53

52

51

50

49

49

48

47

46

43

41
	33

37

55

68

75

83

88

90

91

91

91

92

93

93

96

95

94

92

91

90

87

80
	33.2

32.4

32.9

33.2

33.5

33.3

33.6

33.4

34.3

31.9

33.3

33.7

35.5

34.0

34.6

34.9

35.9

36.3

36.5

34.8

34.1

32.9
	1.7

0.9

1.2

1.8

1.7

2.1

0.0

1.2

2.9

3.3

1.8

1.4

0.1

1.5

0.9

0.6

1.4

1.5

0.6

1.8

0.7

1.8
	12.3

12.6

12.9

13.2

13.9

13.9

14.1

13.5

13.1

6.5

14.0

13.9

13.9

12.5

11.9

7.2

11.0

10.5

10.1

8.9

6.7

4.5
	1.2

1.4

1.5

1.2

1.5

1.5

1.7

1.6

1.2

0.7

1.7

1.6

1.6

1.5

1.2

0.8

1.1

1.0

1.0

0.9

0.8

0.6
	11.1

11.2

11.4

12.0

12.4

12.4

12.7

11.9

11.9

5.8

12.3

12.3

12.3

11.0

10.7

6.4

9.9

9.5

9.1

8.0

5.9

3.9
	878.16

886.07

901.90

949.37

981.01

981.01

973.10

941.46

941.46

458.86

973.10

973.10

973.10

870.25

846.52

506.33

783.23

751.58

719.94

632.91

466.77

308.54


                                                                                                                                                                                       Mean = 720.39

Table 4.10

Cooking Tests in IGP

	Date
	Food Stuff
	Quantity

(gm)
	Solar Insolation

Ib(W/m2)


	Pyranometer Readings(mv)
	Temperature(˚C)

	
	
	
	
	Starting

(Hrs)
	Finishing

(Hrs)
	Cooking

Time

(min)
	Initial
	Final

	25.3.08

26.3.08

27.3.08

28.3.08
	Raw

Rice

Potato

Egg

carrot
	100

175

5eggs

100
	917.72

957.28

901.90

941.46


	11.30

11.40

11.05

12.25
	13.00

12.40

11.40

13.05
	90

60

35

40
	32

33

44

30
	85

89

85

90


Table 4.11

Temperature-profile of water in the pot with various lids

	Time

(Hrs)
	Glass lid

Tw (˚c)
	Al lid

Tw (˚c)
	Plastic lid

Tw (˚c)
	Average ambient temperature

(˚c)
	Average wind velocity(m/sec)
	Average solar insolation(W/m2)

	12.15

12.30

12.45

1.00

1.15

1.30

1.45

2.00

2.15

2.30

2.45

3.00

3.15

3.30

3.45

4.00
	44

59

82

84

86

94

95

98

95

95

94

94

90

92

91

87
	39

40

44

48

50

53

54

54

56

57

58

59

62

61

56

53
	29

35

39

46

53

62

63

64

65

65

61

58

55

54

51

50
	30.2

31.0

31.5

32.1

31.0

32.5

32.3

32.2

32.1

32.0

32.1

32.5

31.8

32.6

32.4

31.4


	1.8

2.2

1.9

1.4

1.4

1.5

1.4

1.2

2.0

1.5

1.8

1.2

2.1

1.1

1.3

1.2
	901.90

971.72

909.81

917.72

917.72

893.99

886.08

878.16

830.70

814.87

822.78

822.78

712.03

648.73

648.73

569.62





Table 4.12

Optical parameters of the integrated solar cooker

	F’UL(W/m2)


	Concentration

Ratio(CR)
	
F’η0 (%)
	τboil (mins)
	Efficiency (%)

	10.07


	5.8
	27.46
	49.18
	19.98


Figure 4.1
Date: 20.02.2008
VARIATION OF SOLAR INSOLATION WITH TIME OF THE DAY


[image: image75]
Figure 4.2

Date: 20.02.2008

VARIATION OF AMBIENT TEMPERATURE WITH TIME OF THE DAY

[image: image76.emf]29

30

31

32

33

34

35

36

37

38

10.3011.0011.3012.0012.30 1.00 1.30 2.00 2.30 3.00 3.30 4.00

Time of the Day (Hrs)

Ambient Temperature (ºC)


Figure 4.3

Date: 20.02.2008

VARIATION OF WIND VELOCITY WITH TIME OF THE DAY
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Figure 4.4

Date: 03.03.2008

TIME-TEMPERATURE PROFILE IN STAGNATION TESTS IN IGP
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Figure 4.5

Date: 06.03.2008
VARIATION OF TEMPERATURE OF WATER IN IGP
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Figure 4.6

Date: 07.03.2008

TEMPERATURE PROFILE IN SENSIBLE HEATING COOLING TEST IN IGP
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Figure 4.7

Date: 20.03.2008
PERFORMANCE COMPARISON OFTHREE  LIDS
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Figure 4.8

Date: 28.03.2008

COOKING TEST IN IGP
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Table 4.2


No Load / Stagnation test in Cooking Pot with Glass Lid in IGP


Date: 3.3.2008








Table 4.4


Heating –Cooling test of water in cooking pot with Glass Lid in IGP 


Mass of water = 500mL     Mass of pot = 0.125Kg							Date: 07.03.2008			Date:	07.3.2008
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