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Abstract 

The design, construction and performance test of a parabolic solar cooker for 
domestic use are presented. The simple experimental parabolic solar cooker, made of 
locally available materials, consists of a parabolic dish of thickness 0.3mm, 
adjustable mechanism, pot, pot holder, base support and a reflecting glass surface. 
The concave surface of the dish was lagged with reflective glasses which serve as a 
reflecting surface. Commercially available (3mm) thick glass is used as glazing 
material. The absorber plate, cylindrical in shape, 0.8mm thickness iron sheet was 
painted black. Provision is made for one cooking pot, capable of holding up to 5 litres 
of water. The fully constructed parabolic solar cooker was tested under the 
meteorological conditions of Federal University of Technology, Owerri (FUTO). 
Thermometers were inserted at strategic points to measure the ambient and water 
temperatures while a pyranometer was used to measure the solar radiations for the 
period of experimentation. The system was manually adjusted to align with the 
direction of the sun. It was able to heat 5 litres of water from a temperature of 27℃ to 
98℃ within 2 hours and also, effectively cooked 2kg of dry rice within 5hrs.The 
results obtained were deployed in the calculation of the two figures of merit (F1 & 
F2), efficiency (η), cooking and standard cooking power(Ps) as 0.12, 0.64, 15%, 75W 
and 80.45W respectively. The total cost of the constructed parabolic solar cooker was 
eighty thousand naira (N80, 000). The result shows that the device can be of great 
assistance in the fight against global warming caused by the emission of carbon 
dioxide into the atmosphere through the use of fossil fuels in cooking. It can also, 
save considerable amount of resources (money and energy), frees children from the 
daily and dangerous task of collecting firewood from the forest, conserve our 
environment and reduce exposure of women to cooking smoke when used in homes 
as a backup device for cooking purposes. 

Keywords: Solar Cooker, Heating, Thermometer, Pyranometer and Efficiency. 
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CHAPTER I 

Introduction 

1.1 Background of the study 

Energy crisis in today’s world is the most stressed term that the present day scientists 

are working upon to solve. Solar energy has the answer to the above problem. 

It is common to observe that in most underdeveloped countries, majority of rural 

dwellers still use wood as their major source of fuel for cooking. This has resulted in 

deforestation and fragrance abuse of our natural environment. Desert encroachment 

and global warming are few among many resultant effects. Most urban dwellers use 

kerosene and other petroleum by-products for cooking amidst its attendant 

environmental hazards. Fossil fuels are not environmentally friendly owing to 

emissions arising from by-products of their combustion which constitute health 

hazards (George, 1963). 

Electric cookers are excellent source of heat energy. Unfortunately the high cost of 

electric energy generation and distribution added to erratic power supply as witnessed 

in underdeveloped economies constitute serious drawbacks. Nigeria as well as other 

countries in the tropics is readily blessed with abundant supply of solar energy which 

can conveniently be harnessed to fill this gap. In Nigeria for instance, not much have 

been done to develop a solar cooker that can serve as better alternative heat source to 

fossil fuel-based cookers. 

There are however some developments elsewhere. In India for instance, a 

concentrator type solar cooker had been developed consisting of a medium size 

parabolic disc made of aluminum sheet having 75 per cent reflectivity and with a 

stand at the focus of the cooking pot (Lura, 1979). In 1875 Muchet made a notable 
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advancement in solar collector design using a truncated cone. His design was able to 

focus light uniformly along the axis of the cone so that a tube could be used as energy 

absorbing surface (Blum, 1989). The development of a high concentrating solar 

cooker that makes use of the high solar radiations in the tropics for heating purposes 

is a most welcome development, especially among the rural dwellers. 

Using solar energy is often ideal and could reduce by 50% the firewood and charcoal 

needs. (Blum, 1989) 

1.2 Statement of problem 

Pollution of the earth is on the increase as a result of man’s harmful activities in his 

environment. The use of fossil fuels for transportation, power generation and 

distribution, industrial and domestic purposes has played a major role in increasing 

the amount of carbon dioxide (CO2) in the atmosphere. This tends to offset the natural 

balance, and hence, leads to global warming as a result of the depletion of the ozone 

layer. 

This problem with its attendant harmful effects could be reduced drastically by 

devising suitable alternatives which will minimize the dependence on the use of fossil 

fuels for domestic and industrial purposes. 

This research works in the design and measured performance of a parabolic solar 

cooker for domestic purposes with a view to reducing the aforementioned problem. 

1.3 Objectives of the Study 

The main objective of this project is to design and evaluate the performance of the 

parabolic solar cooker. 

The specific objectives include: 
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i) The design of a parabolic solar cooker 

ii) The construction of the parabolic solar cooker using locally available 

     materials and 

iii) Testing and evaluating the performance of the parabolic solar cooker 

1.4 Justification of Study 

This work will be beneficial to people in rural communities with little or no 

electricity or gas supply. It is cheap since it was constructed using locally available 

materials and makes use of the sun’s radiation which is naturally and readily 

available. Its use will drastically reduce global warming and deforestation which have 

serious effects on man and his environment. 

 1.5 Scope of Study 

This work covers the design and construction of a parabolic solar cooker whose 

performance is based on the analysis of solar radiation within the region of use. The 

study showed the investigation of the need and importance of renewable energy (solar 

energy). 

 

 

 

 

 



 
 

 

81 
 

CHAPTER II 

2.0 Literature Review 

2.1 Historical background of Solar Cookers 

The use of solar energy for cooking dates back to the eighteenth century when 

Nicholas –de Saussure (1740-1799), designed the first box-type cooker (Kundapur, 

1998). Since then many designs of solar cookers have been fabricated. In 1956, Gosh 

designed a box cooker with one reflector, known as the Gosh cooker. Others who 

have designed the hot solar box cooker include Teikes (1559); Garg (1976); Nahar 

(1990); and Nahar et al, (1994). Solar cookers offer an alternative to wood fuel in 

areas where fuel is scarce and solar energy is abundant. This review covers the 

cooking technologies with special attention to solar cooker. 

The first persons to evaluate the effectiveness and potential of using solar cookers as 

a means of cooking were Metcalf and Ciochetti (Ciochetti et al, 1983), using a basic 

solar cooker developed by Barbara Kerr and Sherry Cole in 1976 to pasteurize jugs of 

water. The principles behind the Solar Cooker have remained in place as a benchmark 

for hundreds of variations of cookers using glass lids to allow sunlight to pass into the 

box, reflective material to concentrate the heat into the water containers and 

insulation to retain the heat inside the cooker. To pasteurize water, temperatures of 

62oC are needed to inactivate pathogens (Ciochetti, et al., 1983) and render the water 

safe to drink.  

Cooking is an activity that is carried out almost on daily basis for the sustenance of 

life. An enormous amount of energy is thus expended regularly on cooking. Cooking 

may be classified in four major categories based on the required range of temperature, 

viz. baking (85-90 ), boiling (100-130 , frying (200-250 ) and roasting (more 

than 300 )-(Merlett et al, 2007). 
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Shaw (2002) reported a comprehensive review of solar cooking. For most of human 

existence, the cooking of food was unknown. People ate food in the condition in 

which they found it. Afterwards, humans found that fire could be controlled and used 

to cook food.  Thus, fire is essentially solar power stored in the form of wood, 

showing that solar was the first method of cooking on earth. 

Cooking with the energy from the sun is not a new or novel idea. According to 

Halacy (1992), the first scientist to experiment with solar cooking was a German 

physicist named Tschirnhausen (1651-1708). He used a large lens to focus the sun’s 

rays and boil water in a clay pot. His experiments were published in 1767 by a Swiss 

scientist Horace de Sausure who used hotboxes instead of clay pot to cook food 

(fruits) and produced enough heat for the cooking. He cooked fruits in a primitive 

solar box cooker that reached temperatures of 190°F. He later became the grandfather 

of solar cooking.  

French scientist Ducurla in 1780 improved on the hotbox design by adding mirrors to 

reflect more sunlight and insulating the box.  

In order to contribute to knowledge, August Mouchot published the first book on the 

subject “Solar Energy and its Industrial Applications” in 1877 which perhaps 

emanated from his work on the design and fabrication of solar cookers for French 

soldiers in Africa and in 1878 exhibited a solar concentrator at the Paris exhibition.  

In Africa, the research for solar cooker was not ignored through the emergence of the 

first recorded solar cooker to be used on the South African soil which was built by Sir 

John Herschel during a scientific expedition to the Cape of Good Hope in 1885. The 

stove was made out of mahogany, painted black, buried inside sand for better 

installation and covered by double glazing to reduce heat losses.  
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Laird (2005) made us to know that during this era of expedition into solar cookers 

many people developed interest in solar cookers amongst which was a British soldier 

living in India who patented a fairly sophisticated solar cooker that looked a lot like 

the Solar Chef. Likewise, in 1894, there was a restaurant in China that served solar 

cooked food.  

Increased public interest in solar stoves emerged in the 1950s and 1960s when most 

of the basic design variants were tried and disseminated. They include the following 

examples: 

 The classic Indian box cooker (fibre reinforced plastic or sheet metal outer 

casing, aluminium interior casing, double tempered glazing, single glass mirror 

reflector lid) was developed and tested in many variations, including the use of 

a light bulb as back-up heat source (GTZ, 2002). 

 Maria Telkes invented the “Telkes cooker” which was a box cooker featuring 

an array of four external reflectors (Stanley, 1993). 

 Harry Tabor invented a parabolic concentrator using an array of shaving 

mirrors (GTZ, 2002). 

Interest in the renewable energy within this period was fuelled by the aftermath of the 

Second World War with its fuel shortages and rationing, an increased desire to use 

solar energy “to help people” and as a potential area of investment (Laird, 2005). 

Independence gained by former colonial states brought a focus on development and 

the need to address the underdeveloped state of these countries. Lastly, the oil crises 

of the early 1970s also contributed to efforts to become less dependent on non-

renewable sources of energy. Growing fuel wood and other shortages, coupled with 

expanding populations in China and India, encouraged governmental research on 
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alternatives in the 1970s with China holding its first seminar on Solar cooking in 

1973 (Knudson, 2004). 

Activities in the 1980s and 1990s built on earlier efforts at first. China began to 

distribute subsidized cookers in 1981 (Knudson, 2004).  

The ULOG group in Switzerland, EG solar in Germany and Solar Cookers 

International were all founded during the 1980s. The work of Barbara Kerr and 

Sherry Cole resulted in a solar cooker kit that was easy to build by the user and serve 

as foundation for the development of a solar panel cooker by solar cookers 

International, which is still used today (Knudson, 2004). 

The United Nations and other major funding agencies initiated many studies to design 

solar cookers that could alleviate some of the reliance on plant life for fuel. Many top 

engineers of the 1950's were hired to study different aspects of solar cooking designs. 

These studies concluded that properly constructed solar cookers not only cooked food 

thoroughly and nutritiously, but were quite easy to make and use.  

Haridas et al (2013) reported that the idea for solar cooker was inspired by the urgent 

inadequacy of fuel faced throughout the world, and a necessity for a cheap and clean 

alternative for the same. 

Since this cooker was targeted for rural areas, the simplicity and cost effectiveness of 

the design, and the ease in availability of the materials for making the cooker formed 

the underlying factors. 

 Simple box type solar cooker which has transparent glass top lid and is used to 

warm food and drinks and also to pasteurize milk. This cooker cannot reach a 

very high temperature. 
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 Panel solar cookers- These are inexpensive solar cookers that use reflective 

panels to direct sunlight to a cooking pot that is enclosed in a clear plastic bag. 

The weight of this type of cooker is more since reflective glass is used. 

 Solar cookers with parabolic reflector -Here the reflector are axially 

symmetrical and designed in the form of a parabola so that the sun’s rays 

concentrate at one point. So this cooker can focus rays that hit the cooker only 

at a certain angle. 

All the problems that were prevailing with the first two solar cookers mentioned 

above (Box and Panel type) were overcome using the third type (parabolic reflecting 

type) of solar cooker which is the one adopted in this project. 

2.2 Types of Solar Cookers  

Solar cookers are broadly categorized under two groups: Solar cookers without 

energy storage and solar cookers with storage. 

2.2.1 Solar cookers without energy storage 

There are over 60 major designs of solar cookers which can be classified into three 

categories. These are the concentrator type, the box-type designs (direct type) and 

indirect types (Kundapur, 1998); (Hussein et al., 2008); (Muthusivagami et al., 2010). 
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2.2.1.1 Concentrator type solar cooker  

 

Figure 2.1 shows a simple parabolic solar cooker.  The reflector focuses the sunlight 
on the bottom of the absorber plate, heating the pot in a fashion similar to a 
traditional electric or gas powered stove. Image courtesy of the Nepal Center for 
Rural Technology, http://www.panasia.org.sg/nepalnet/crt/home.htm. 

The first class of solar cooker utilizes concentrating optics. Using mirrors and/or 

lenses, these cookers can achieve extremely high temperature. The concentrating 

cooker is the only class of solar cooker that is wholly suitable for frying, as the 

temperature at the focus can rival that of conventional electric, gas, or wood fired 

stoves. Similar to the panel cooker, the concentrator suffers from a strong reliance on 

direct beam insolation.  Cloudy conditions and wind combine to make concentrating 

cookers highly difficult to use. 

The concentrating type solar cookers primarily consist of a reflector to focus the 

incident solar radiation on the cooking pot, a support with turning mechanism to keep 

the reflector facing the sun, and a cooking pot. The size (and hence cost) of the 

reflector is determined by the heating capacity desired. The approach used for 

concentrating solar radiation on the cooking pot(s) either makes use of plane mirrors 



 
 

 

87 
 

arranged in a specific manner or metallic reflectors (Funk, 2000). Important types of 

concentrator type solar cookers developed so far include (a) Wisconsin solar cooker 

(spherical parabolic type), (b) Folding umbrella type solar cooker, (c) Paraboloid type 

solar cooker, (d) Light weight molded aggregate reflector type solar cooker, (e) 

Cylindro-parabolic solar cooker, (f) Multi-mirror or multi-facet type solar cooker, and 

(g) Spiral reflector type solar cooker. 

During the last four decades, out of several types of concentrator solar cookers, only 

Paraboloid concentrator solar cookers have received commercial attention. 

The concentrating type solar cookers are capable of generating higher temperatures 

and can efficiently be used for a variety of applications. The parabolic concentrator 

type solar cookers are the concentrating devices with a dish type reflector directing 

most of the intercepted solar radiation to the point focus. A typical dish solar cooker 

has an aperture diameter of 1.4 meter and focal length of 0.28 meter. The cooking 

utensil is supported at its focal point. The temperature of the focal point may vary 

between 150  to 400  depending upon the solar irradiance conditions and the load. 

The temperature achieved at the bottom of the vessel could be around 350 to 400  

and hence sufficient for roasting, frying and boiling. The cooking utensil is supported 

at the point in such a way that a major part of the reflected radiation is incident on the 

bottom of the cooking utensil. The solar cooker requires frequent orientation towards 

the sun two-axis tracking usually; every 10 to 15 minutes so that the focus of the 

concentrated radiation is maintained on the bottom of cooking utensil. The paraboloid 

concentrator solar cooker works based on collection of only beam component of the 

solar radiation since it is only the direct solar rays which can be reflected from focal 

point. It is useful for homes and small establishments. In addition to box type and 

paraboloid concentrator type solar cookers, several designs of solar cookers have 

been developed by researchers which include solar oven, multi-reflector box type 
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solar cooker, paraboloid type community solar cooker for indoor (Scheffler, 2009) 

etc. In field studies, the concentrating cooker is not generally chosen due to its need 

to closely follow the sun (characterized by a low acceptance angle), its relatively high 

cost, and safety issues as focused sunlight can cause burns or eye damage.  

Nevertheless, in some applications, solar concentrators can make ideal cookers.  So 

long as direct insolation is readily available and the user is experienced and careful, 

the concentrator represents a highly useful and powerful cooking tool. 

Furthermore, there are numerous designs for solar cookers that do not fall neatly into 

the three categories above.  It would be difficult to describe each possible variation 

but it is important that any evaluation of performance have the versatility to include a 

wide range of styles and designs. 

2.2.1.2 Parabolic Dish Reflectors (PDRS) 

A parabolic dish reflector (PDR), shown schematically in Figure 2.2 below, is a 

point-focus collector that tracks the sun in two axes, concentrating solar energy on to 

a receiver located at the focal point of the dish. The dish structure must fully track the 

sun to reflect the beam into the thermal receiver. The receiver absorbs the radiant 

solar energy, converting it into thermal energy. Parabolic dishes systems can achieve 

temperatures in excess of 1500°C, because the receivers are distributed throughout a 

collector field like parabolic troughs, parabolic dishes are often called distributed 

receiver systems.  

Parabolic dishes have several important advantages (Laquil et al., 1993): 

1)  They are the most efficient of all collector systems because they are always 

pointing at the sun. 
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2)  They typically have concentration ratios in the range of 600 to 2000 and thus 

are highly efficient at thermal-energy absorption and power conversion systems. 

 

 

 

 

Fig. 2.2: Schematic diagram of parabolic dish reflector (PDR) 

 

Fig. 2.3: Photo of a Euro-dish 

3)  They are modular collector and receiver units that can function either 

independently or as part of a larger system of dishes. A parabolic dish reflector 

system is a heat generator that uses sunlight instead of crude oil or coal to produce 

heat. The major parts of this system are the solar dish and receivers.  
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Figure 2.4: Convergent Ray Formation Diagram A                     Figure 2.5: convergent ray formation diagram B 

                                                                

 

 

 

 

Figure 2.6: Convergent Ray Formation Diagram C         Figure 2.7: schematic of central receiver system 

 

 

2.2.1.3 Solar Box Cookers (Solar Ovens) 

A box type cooker is a double walled box container. The space between the two 

boxes is filled with insulation. A double- glazed door is incorporated on top of the 

insulated box. The food is placed inside the inner box. Reflectors can be added to 
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increase the efficiency of the box cooker (Kundapur, 1998). The solar box cooker 

typically reaches a temperature of 150°C (300°F) and food can be left in the cooker 

for longer period of time (Wikipedia, 2011). 

Solar box cookers have been widely accepted in India and other counties where there 

is a shortage of energy and pressure on biomass resources. Hot solar box cookers are 

simple in terms of fabrication, handling, operation, cheap and effective with minimal 

attendance required during the cooking process (Hussein etal.,2008); 

(Muthusivagami et al., 2010). 

 

Figure 2.8: Solar box cooker with two reflectors (Kundapur, 1998) 

The cookers are more stable, can keep food warm for a long time. Cookers do not 

produce glare and have no risk of fire and burns. The performance of the hotbox solar 

cooker with a single reflector is very good but it requires tracking towards the sun 

every 60 minutes while one with two reflectors requires tracking every 180 minutes 

(Kundapur, 1998). Figures 2.1 and 2.2 are photographs of some of the box type solar 

cookers. 
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Figure 2.9: Hot - box cooker, (Kundapur, 1998) 

2.2.1.4  Indirect solar cookers  

Indirect solar cookers use solar radiation to heat a thermal fluid that transports the 

heat to the place of the cooking process (Hussein et al., 2008). The indirect solar 

cooker consists of a central pipe containing a heat transfer fluid which is heated by a 

cylindro-parabolic mirror. The pipe is connected to an insulated cooking box inside 

the house (Kundapur, 1998). 

Indirect solar cookers provide high thermal power and temperatures without tracking 

and allow cooking in the shade or even in a conventional kitchen (Sulaiman, 2004). 

The ability of a solar cooker to collect sunlight is directly related to the projected area 

of the collector perpendicular to the incident radiation (Shawn, 2002).   
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Figure 2.10: Indirect solar cooker, (Kundapur, 1998) 

For example, a large box with a glass lid will function as a solar box cooker but the 

losses due to heat loss over a larger surface area will, at least partially, offset the 

additional gain through having a larger collector surface.  Instead, what is typically 

done is to create an insulated box with a glazed surface cover and use reflectors to 

increase the apparent collector area.  These reflectors can be made from a variety of 

materials and their primary purpose is to reflect sunlight through the glazing material 

and into the cooking space inside the box.  In most cases, these reflectors are planar 

in geometry, with parabolic and other geometries reserved for the more complicated 

class of solar cookers that utilize high concentration ratios.. While a high 

concentration ratio allows a potentially higher temperature and flux, high 

concentration ratio devices generate nearly point source foci, which require regular 

and frequent tracking to follow the sun.  Without this tracking, the focus will quickly 

deform, resulting in an uneven flux and potentially damaging heat gain.  

One of the virtues of the solar box cooker is its high acceptance angle and 

correspondingly high tolerance for tracking error.  A Solar Box Cooker will cook 
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meals unattended for long periods of time because the sun is able to remain within the 

view of the cooker.  With some other collector configurations, the sun quickly moves 

off-axis, causing focus shift that can be highly undesirable or dangerous (Shawn, 

2002).   

In the case of the simple box with no reflectors, the energy entering the aperture can 

be given simply as (Shawn, 2002): 

Qcooker=AapertureglazingIsolar       2.1 

Where Aaperture represents the area of the ‘window’ of glazing material that is facing 

the sun (assumed perpendicular in this equation), glazing is the transmissivity of the 

glazing material, and Isolar is the value of the global solar radiation perpendicular to 

the collector. 

This deceptively simple equation assumes that the collector is normal to the incident 

radiation.  In reality, the apparent area of the collector will change with the angle of 

the sun, as the collector will appear smaller when the angle between the normal of the 

collector and sun is large.  This variation is given by Shawn, (2002): 

Aapparent  = AperpindicularCos()Cos()     2.2 

Where  is the solar azimuth and  represents the difference between the solar 

elevation angle and the collector tilt angle. Knowledge of the minimum and 

maximum values for the azimuth and elevation on a given day allow the integration 

of the above equation to obtain a daily energy input into the solar cooker. 

The simple box can then be expanded by adding one or more reflectors.  There is 

some trade-off in the design of these panels.  In selecting a tilt angle, it should be 

realized that if the angle between the normal of the glazed surface and the reflectors is 

small, the reflectors will intercept a relatively small area of sunlight per unit area of 
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reflector material.  Conversely, if the angle is large, it will become difficult for 

reflected light to enter and penetrate the glazing surface due to the shallow reflection 

angle.  A further potential complication is the decision whether to orient the reflectors 

to take advantage of azimuth or elevation variations.  In the case of azimuth 

variations, a reflector designed to enhance morning performance could act to hamper 

later afternoon/evening collection, and conversely for improving evening collection 

(Shawn, 2002).   

There are further complications to the case of the simple box that are worth 

examining.  For real materials,  will change with incident angle and wavelength.  In 

addition, a full assessment would require inclusion of sky diffuse radiation and 

ground reflected radiation.  These are neglected in the current discussion.  

Energy gain through the glazing is balanced by heat loss through the exterior of the 

box.  This conduction heat loss is generally greatest through the transparent medium, 

which typically has a much larger thermal conductivity than the body material of the 

box itself. 

Heat transfer occurs through the standard three mechanisms; radiation, convection, 

and conduction.  For most applications, radiation can be neglected due to the low 

temperatures occurring at the exterior of the box.  Convection can become quite 

significant, particularly for cookers that do not utilize a well-insulated box to hold the 

food.  As wind velocity increases, the heat transfer coefficient increases, thus 

increasing the heat loss.  Cold ambient temperatures and wind work together to 

reduce the effectiveness of any solar cooker.  Combined with cloudy conditions, these 

effects can render a solar cooker ineffective.   

Finally, the steady state temperature inside the box can be calculated by setting the 

heat loss equal to the energy gain.  Terms can be added to this equation to take into 
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consideration any objects within the cooker, such as pots and food.  Placing thermal 

mass (such as pots, food, water, etc.) within the cooker will reduce the temperature of 

the air within the cooker and also diminish the temperature swing caused by opening 

and closing the box due to increased thermal inertia (Mullick, 1987).   

The Solar Box Cooker (SBC) can also function as a heat-retention based cooker.  

Aside from the reflectors, the SBC is essentially a well-insulated box.  It has been 

shown that nearly all of the energy required to cook food is spent in the sensible 

heating stage, as the food reaches cooking temperature (Mullick, 1987).  Once this 

has occurred, the energy input required to continue cooking is very small, its primary 

purpose to offset heat loss and maintain the food at cooking temperature.  Some 

regions of the world have had success using hay boxes (i.e. simply built, well 

insulated boxes) to continue to cook food without the need to continue burning fuel.  

Food is heated initially over a conventional fire and then placed into the hay box.  

The lid is closed and the food continues to cook inside the box for hours afterward.  

Significant fuel savings can be realized, as well as benefits to free time and indoor air 

quality. 

2.2.1.5 Panel Cookers 

The panel cooker is quite similar in operation to the solar Box Cooker (SBC).  The 

same principles are employed but instead of an insulated box, panel cookers typically 

rely on a large (often multi-faceted) reflective panel.  At the focus of the reflector 

rests the cooking pot contained within a transparent medium, such as an oven bag or a 

glass bowl (FSEC, 2002).  Energy from the sunlight is reflected into the bowl or oven 

bag, heating up a dark painted pot and whatever may be inside of it.  The pot in this 

case is generally less insulated from the environment than the pot in the case of the 

SBC.  The panel cooker relies much more heavily upon reflected sunlight and less so 

on heat retention as compared to the SBC.  This can make the panel cooker more 
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portable and cheaper to construct but the panel cooker will suffer from generally 

somewhat poorer performance, particularly on days of marginal insolation or 

intermittent cloudy conditions.  

2.2.2 Solar cookers with heat energy storage  

One of the problems of many solar cookers is the thermal storage where cooking 

during cloudy periods and late afternoon is not possible (Hussein et al, 2008). The 

application of solar cookers is restricted if they are not equipped with a heat storage 

system since it is impossible to use them during cloudy conditions or evenings 

(Kenisarin et al, 2007) There are three practical ways of storing thermal energy; as 

sensible heat, as latent heat and as heat of a reversible thermochemical 

reaction(Brousseau et al, 1996). The following major characteristics of a thermal 

energy storage system were given by (Duffie et al, 1991). (a) Its capacity per unit 

volume; (b) The temperature range over which it operates, that is the temperature at 

which heat is added to and removed from the system; (c) The means of addition and 

removal of heat and the temperature differences associated there with; (d) 

Temperature stratification in the storage unit; (e) The power requirements for 

additional or removal of heat; (f) The container, tanks or other structural elements 

associated with the storage system; (g) The means of controlling thermal losses from 

the storage system, and (h) Its cost  

Heat is transferred to a thermal storage medium in an insulated reservoir during the 

day, and withdrawn for cooking at night. Thermal storage media include pressurized 

steam, concrete, a variety of phase change materials, and molten salts such as sodium 

and potassium nitrate (Wikipedia, 2011).  
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2.2.2.1 Sensible Heat Storage  

In sensible heat storage (SHS), thermal energy is stored by raising the temperature of 

a solid or a liquid. SHS system utilizes the heat capacity and the change in 

temperature of the material during the process of charging and discharging. The 

amount of heat stored depends on the specific heat of the medium, the temperature 

change and the amount of storage materials (Sharma et al., 2009).  

Sensible heat storage of thermal energy is perhaps, conceptually, the simplest form of 

storing thermal energy. In its simplest configuration, cold fluid contained in an 

insulated tank is heated to some higher temperature by the hot fluid from the field of 

solar collector. One limitation of a sensible –heat system is that capability of most 

materials to store heat sensibly is very small. They have heat capacities in the range 

of 0.5-0.7 times that of water (Wikipedia, 2011).  

2.2.2.2 Thermochemical Energy Storage  

Thermochemical systems rely on the energy absorbed and released in breaking and 

reforming molecular bonds in a completely reversible chemical reaction. The heat 

stored depends on the amount of storage material, the endothermic heat of reaction 

and the extent of conversion.  

2.2.2.3  Latent Heat Energy Storage  

Latent heat Storage (LHS) is based on the heat absorption or release when the storage 

material undergoes a phase change from solid to liquid or liquid to gas or vice versa. 

In the latent heat storage the storage medium undergoes a phase change by absorbing 

and releasing heat in an approximately isothermal process. They also provide a high 

energy storage capacity (Brousseau et al, 1996).  
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(Sharma et al, 2000) gave the following equation for the energy stored by the phase 

change material (PCM). 

Amongst the above thermal heat storage techniques, latent heat thermal energy 

storage is particularly attractive due to its ability to provide a compact and efficient 

storage system due to high-energy storage density and its characteristics to store heat 

at a constant temperature corresponding to the phase transition temperature of phase 

change material (PCM) (Abhat, 1983, Bansal et al, 1992; Sharma et al., 2009; Farid 

et al., 2004; Agyenim et al., 2009). 

2.2.2.3.1 Latent Heat Storage materials  

The PCM for use in thermal storage systems should have the following thermal 

properties which include; suitable phase transition temperature, high latent heat of 

transition and good conductor of heat. Physical properties include; favourable phase 

equilibrium, high density, small volume change and low vapor pressure. Kinetic 

properties include; no supercooling and sufficient crystallization rate. Chemical 

properties include; long- term chemical stability, compatibility with materials of 

construction, no toxicity, and non-inflammable. Economic properties include; 

abundant, available and cost effective (Sharma et al, 2005; Kenisarin et al, 2007). 

Phase-change materials (PCMs) offer an alternative solution to energy storage and 

have a potential of providing a more efficient means of storage (Wikipedia, 2011). 

The choice of the material PCM is based on the melting temperature, the latent heat 

of fusion, density and other considerations such as toxicity, corrosiveness and cost 

(Sharma et al., 2005; Agyenim et al., 2009; Khare et al., 2012).  

Latent heat storage materials are further classified according to the phase change as 

follows: gas - liquid, solid – gas, solid to solid and solid – liquid. Solid – gas and 

liquid – gas transitions though have higher latent heat of phase transition, but their 
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large volume changes on phase transition are associated with containment problems 

and rule out their potential utility in thermal storage systems. Solid – liquid 

transformations have comparatively smaller latent heat than liquid – gas but the 

transformations only involve small changes in volume. Solid – liquid transformations 

have proved to be economically attractive for use in thermal energy storage systems 

(Sharma et al., 2009). 

PCMs can be subdivided into organic, inorganic and Eutectics. A large number of 

organic and inorganic chemical materials which can be identified as PCM from point 

of view of melting temperature and latent heat of fusion but do not satisfy the criteria 

required for adequate storage media. No single material can have all the required 

properties for an ideal thermal - storage media (Sharma et al., 2009). Practical 

difficulties include; low thermal conductivity, density change, stability of properties 

under extended cycling, phase segregation and sub-cooling of PCM. (Farid et al., 

2004; Sharma et al., 2009). Commercial paraffin waxes melt at around 55°C and are 

cheap with moderate thermal storage densities of 200kJ/kg. They undergo negligible 

sub-cooling and are chemically inert and stable with no phase segregation. However 

they have low thermal conductivity of 0.2W/m °C which limits their application 

(Farid et al., 2004; Sharma et al., 2009). Most salt hydrates like, calcium chloride 

hexahydrate (CaCl2.6H2O), magnesium chloride hexahydrate (MgCl2.6H2O) and 

magnesium nitrate hexahydrate (Mg(NO3)2.6H2O) have the disadvantage that during 

extraction of stored heat, the material sub-cools before freezing. This reduces the 

utility of the material (Farid et al, 2004).  

Organic materials are not corrosive, have low or no undercooling and have chemical 

and thermal stability. However they have low phase change enthalpy, low thermal 

conductivity and are inflammable. Inorganic materials have great phase change 

enthalpy but undergo corrosion, phase separation, phase segregation and lack thermal 
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stability (Zalba et al., 2003). Organic materials are further sub grouped as non-

paraffin organic and fatty acids. Fatty acids have high heat of fusion values 

comparable to that of paraffin’s and show reproducible melting and freezing behavior 

with no supper cooling and hence qualify as good PCMs. Their major drawback is the 

cost, which is 2 – 2.5 times greater than that of technical grade paraffins and are 

mildly corrosive (Sharma et al., 2009).  

2.2.2.4 Solar Cookers with Latent Heat Storage 

 Few studies have been conducted with latent heat storage materials to cook food in 

the late evening. Domanski et al., (1995) used magnesium nitrate hexahydrate 

(Mg(NO3)2.6H2O) as a PCM for heat storage medium for a box type solar cooker 

designed to cook food in the evening hours and non- sunshine hours. Budhi and 

Sahoo (1997) designed a solar cooker with latent heat storage for cooking food in the 

evening. They used commercial-grade stearic acid (melting point 55.1 °C/ and latent 

heat of fusion of 160kJ/kg) as PCM and filled it below the absorber plate of the box 

type solar cooker.  

Buddhi et al., (1999) and Sharma et al., (2000) designed and developed a cylindrical 

PCM storage unit for a box type solar cooker to cook food in the late evening. They 

used acetamide (melting point 82°C) as the latent heat storage material. According to 

their experimental results the storage of solar energy for evening cooking did not 

affect the performance of the solar cooker for noon cooking and they recommended 

that for evening cooking, the melting temperature of a PCM should be between 105 

and 110°C. Buddhi et al., (2003) designed and developed a storage unit with 

acetanilide for a box type solar cooker to store a larger quantity of solar energy. A 

cylindrical latent heat storage unit for the cooking pot and a solar box cooker with 

three reflectors was used. The three reflectors were fitted with a mechanism to allow 

for the tracking of the sun and to keep the reflected solar radiation on the absorber 
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surface. Sharma et al., (2005) used erythritol as a latent heat storage material for solar 

cooker based on an evacuated tube solar collector.  

2.2.1 Hybrid cooker  

A hybrid cooker is a type of solar cooker that uses both the regular elements of a 

solar cooker as well as any conventional fuel as a heat source, including LPG, 

electricity, wood and kerosene for cooking during cloudy periods or at night 

(wikipedia, 2011). 

2.3    Classification of Solar Cookers 

Klemens et al., (2006) reported extensively on the classification and characterization 

of a parabolic solar cooker.  

To characterize solar cookers and their performance is a complex task due to the 

various types of cookers available and their operation. The following sections present 

analytically, an experimental suggestion that can be used to compare solar collectors. 

Classification of the solar cookers is based on the type of the collector and the place 

of the cooking. They are defined as: 

(a) Flat plate collector with direct use – type A 

(b) Flat plate collector with indirect use – type B 

(c) Parabolic reflector with direct use – type C 

(d) Parabolic reflector with indirect use – type D 

In the case of a direct system with a flat plate collector (type A), the cooking pot is 

placed directly in the collector. 

In the indirect system (type B), the energy is transported from the collector to the 

cooking place by a heat-transfer medium. In type C, a parabolic reflector concentrates 

the sunlight on the cooking pot. Similarly to type B, type D uses a heat-transfer 

medium. 
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The parabolic reflector works correctly only when it tracks the sun rays, whereas a 

flat plate collector may be installed in a fixed position. Indirect systems can use large 

surface to collect the solar energy efficiently and they do not have any principle 

limitations of the size. The use of a thermal storage and integration of the cooking 

place in a house are possible. 

A combination of types C and D is a fix-focus parabolic collector. It is a direct 

system, although the cooking place can be located inside of a building. The reflector 

is tracked around one axis during the day with the help of mechanical clockwork or a 

small electrical motor powered by photovoltaic cells. The focus is situated on this 

axis so it does not move. Every month the position of the concentrator has to be fixed 

again due to seasonal variations. 

 

2.4       Figures of Merit 

Box type solar cookers are simple and suitable for limited cooking due to their 

relatively low heat collection capacity. For a large scale dissemination of any 

technology, it is essential to maintain an effective quality control on the products 

being offered by the industry to the end user. For this reason, there is a need to 

establish test procedures for producing performance parameters, which could provide 

an equitable basis for comparison of performance of products. 

In India, a complete test standard IS13429 (BIS, 2000) is available for the thermal 

performance evaluation and testing of box type and parabolic solar cooker, which 

provides performance characteristics of solar cookers, more or less independent of 

climatic variables. There are two thermal performance parameters called figures of 

merit (F1 and F2) associated with testing of solar cookers as per IS13429: 2000. The 

first figure of merit, F1 is determined from a stagnation test under no load condition 
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while the second figure of merit F2 is evaluated from tests under full load conditions 

taking water as the load. 

 

2.4.1 First Figure of Merit (F1) 

The first figure of merit, F1 of a box type and parabolic solar cooker is defined as the 

ratio of optical efficiency, , and overall heat loss coefficient, UL,sc, of the solar 

cooker (Funk, 2000); 

F1 =           (2.3) 

Experimentally; 

F1 =          (2.4) 

Where Tps, Tas and Hs represent the cooker tray temperature, ambient air temperature 

and the intensity of solar radiation on the aperture of the box type solar cooker at 

quasi steady state (stagnation test condition) respectively. 

 

2.4.2  Second Figure of Merit (F2) 

The second figure of merit, F2, of box type and parabolic solar cooker is evaluated 

under full load condition and can be expressed by the following equation (Funk, 

2000); 

F2 =   In      (2.5) 

Where F1 represent the first figure of merit, mw the mass of the water, Cw the specific 

heat of water, a the average ambient temperature,  the average solar radiation 

incident on the aperture of the cooker, Tw1 the initial water temperature 

( 60 ), Tw2 the final water temperature ( 90 ), A the 
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aperture area of the solar cooker and  the time difference in which water temperature 

rises from Tw1 and Tw2. 

 

2.5  Cooling test 

The paraboloid concentrator solar cooker is placed outside exposed to the sun. It is 

adjusted in such a way that the bright spot of the concentrated solar radiation falls on 

to the bottom of the cooking utensil near one of its edges. The water temperature 

begins to rise and reaches the boiling condition even before the bright spot traverses 

too diametrically opposite bottom edge. This adjustment, therefore, is able to avoid 

the need for tracking the paraboloid concentrator during the period of sensible heating 

test. As per test-procedure, the concentrator is to be shaded as soon as the water 

temperature reaches 90-95 . Under these conditions, the cooling curve is obtained 

by recording the water temperature at prefixed time intervals till it reaches close to 

ambient temperature. This concludes the test for the determination of heat loss factor, 

F’UL, of the paraboloid concentrator solar cooker. 

The heat loss factor, F’UL is then determined as; 

F’UL =        (2.6) 

Where   represents the combined heat capacity of water and the cooking 

utensil and At the surface area of cooking utensil. In addition, the time constant, , 

can also be determined from a curve between [In(Tw-Ta)] with respect to the time. 

 

2.6        Heating Test 

The heating test is conducted for the determination of optical efficiency factor, F’  

of the paraboloid concentrator solar cooker. In this test, the solar cooker is brought in 

the sun and is adjusted initially such that the aperture of the concentrator receives 
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maximum amount of incoming solar radiation by fixing it at normal to the sun. The 

water temperature starts increasing gradually and reaches the boiling condition after 

some time. The heating is stopped as soon as the water temperature touches boiling 

point. The total and diffuse incident solar radiation on horizontal surface, water and 

ambient temperatures are simultaneously measured at pre-fixed interval. 

Mathematically, the optical efficiency factor, F’  

F’  =  (Kumar, 2005)  (2.7) 

Where C represents the ratio of aperture area, Ap of  the cooker to the surface area, At 

of the cooking utensil, Tw1 and Tw2 the initial ( ) and final ( ) water 

temperature respectively, τ the time required for the water temperature to increase 

from Tw1 to Tw2,  the average ambient air temperature, and  the beam solar 

radiation during time interval  τ. 

2.7           Cooking Power (according to Shawn, 2002). 

The cooking power, P, is defined as the rate of useful energy available during heating 

period. It may be determined as a product of the change in water temperature for each 

interval and mass and specific heat capacity of the water contained in the cooking 

utensil. Dividing the product by the time contained in a periodic interval yields the 

cooking power in watts. 

P = (MwCw)        (2.8) 

Most important being amount of water to be heated per square meter area 

of cooker and to measure temperature of water only up to 90oC, to avoid vagaries 

of water near boiling point where t is 10 min (600 s). Thus P represents values per 

second. It is assumed that same or similar vessel is used while testing all types of 

cookers, hence the values pertaining to cooking vessel is left out. Where Mw 

represents the mass of water in cooking utensil, Cw the specific heat of water, Twa and 
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Twb temperatures of water respectively in at the beginning and end of time duration τ 

and Ta the ambient air temperature. 

 

2.8            Standardized Cooking Power (Ps) 

According to American society of Agricultural Engineers, to determine the 

standardized cooking power, Ps, from the cooking power, P, each interval is 

corrected to a standard insolation of 700W/m2 (i.e. multiplying the observed cooking 

power by 700w/m2 and dividing by the average solar insolation recorded during the 

corresponding interval) refer to table 4.22. Therefore; 

Ps = (MwCw) ×700      (2.9) 

Where Ib represents the intensity of direct solar irradiance on the aperture plane of the 

parabolic concentrator. 

 

2.9         Overall Heat Loss Coefficient (UL) 

The standardized cooking power, Ps, is plotted against the difference of water and 

ambient air temperatures (Tw-Ta) for each time interval. Slope of the curve may be 

divided by the surface area of cooking utensil to evaluate the overall heat loss 

coefficient, UL. 

The standardized cooking power, Ps, at the temperature difference 50  is presented 

by the adjusted cooking power, Pa, of the solar cooker. As per the test suggested by 

Funk (2000), the adjusted power is a single measure of the performance of solar 

cooker in watts. A temperature difference of 50  is recommended so that a balance 

between the start up cooking power and stagnation temperature is established. 

There are some operating ranges and limitations outlined by Funk for the controlled 

parameters. This includes that the wind speed during the test should not be more than 

2.5 m/s; the ambient temperature should be within the range of 20 to 35 ; and the 
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intensity of beam solar irradiance on the aperture of the paraboloid concentrator 

should be varied from 450w/m2 to 1100w/m2. The method suggests 7kg/m2 as the 

amount of load in the cooking utensil. On the other hand, range for the climate 

parameters in the test method suggested by Mullick et al, is not perfect. 

 

2.10        Power and Efficiency of Solar Cookers 

From the experimental analysis undertaken by Klemens et al (2006), it was concluded 

that in order to compare the different types of solar cookers, characteristic values 

need to be defined. The first two of these values are expressions of power and 

efficiency. 

According to Patella et al, the average heating-power of a solar cooker is calculated 

as: 

         2.10 

Where mw is the mass of water in kg, cp is the specific heat capacity at constant 

pressure in J/(kg K), T is the temperature difference in K, t is the duration of the 

measurement in seconds, and the subscript ∞ denotes ambient. Usually this power is 

measured from ambient temperature up to 95 , to avoid the uncertainty of the exact 

boiling-point. The evaporation-power, , is determined during the evaporation of 

water at boiling point. The heat capacity of the cooker has less influence on the 

performance, because the system is working at constant temperature. 

This power is calculated from the measured rate of evaporated mass of water,  in 

kg/s, multiplied by the latent heat of evaporation hfg in J/kg, 

 = . hfg         2.11 
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Efficiency is the power-output divided by the incoming power. The incoming power 

is the solar radiation I in W/m2 multiplied by the collector surface Area in m2. For flat 

plate collectors, the solar radiation is the global radiation on the surface. For 

parabolic concentrators, it is the direct solar radiation on the aperture surface, 

 =                            2.12 

The optical efficiency characterizes a property of the system without any thermal 

losses and it is determined from the value of heating-power near ambient 

temperature. 

The differences in the surface and in the tracking mechanism of different cookers 

imply that efficiencies are suitable for comparing cookers of the same type. To 

compare different types of cookers, other parameters, besides efficiency, are needed 

(ECSCR, 1994). These parameters are: 

(a).The solar cooker tracking period that indicates how often a solar cooker has to be 

tracked, or adjusted to the sun’s position. To measure the tracking period, water is 

heated up in the pot until it reaches the boiling point, and the cooker is adjusted to the 

sun position. The solar cooker tracking period is the time for the temperature to drop 

below 95 . 

(b).The unattended cooking period that indicates how long the cooker can work 

without any intervention of the user. To measure this period, water is heated up in the 

pot until it reaches the boiling point. The unattended cooking period is the time for 

the temperature in the pot to drop below 80 . 

(c).The heat losses without solar insolation indicates how quickly the solar cooker 

loses heat when there is no sun. To measure these losses, the fluid in the pot is heated 

above 100 . The collector is covered with an opaque screen, and the test starts when 
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the oil reaches 100 . The test result is the time during which the temperature is kept 

above 80 . To avoid evaporative losses this test is done with oil. 

(d).The continuous cooking that indicates the capacity of continuous cooking in a 

day. This capacity is measured as the amount of water that can be brought to boiling 

by a cooker during one day. The test starts in the morning with sunrise and with cold 

water in the pot. When the temperature reaches 95 , the heated water is replaced by 

cold water. This is continued until the evening. The result is the total amount of water 

heated. 

2.11         Design Of parabolic Solar Cookers 

Klemens et al (2006) put forward some basic equations which are necessary to design 

solar cookers. Although this procedure is not sufficient for complex systems, it can be 

applied to most of the simple solar cookers (Types A and C). All needed parameters 

can be determined from the test results presented.The energy balance in this system 

can be written as: 

m.cp.  = { o . I -  . } . A      2.13 

where m is the mass in the pot in kg, cp is the specific heat capacity at constant 

pressure in J/ (kg K),  is the temperature difference between the pot content and the 

ambient in K, o is the optical efficiency, I is the global solar radiation in W/m2, U is 

the thermal loss coefficient in W/ (m2 K), and A is the collector aperture surface Area 

in m2. The thermal loss coefficient can be calculated as: 

 =  In        2.14 

where t is in seconds. It may also be calculated from the optical efficiency and the 

stagnation temperature as: 
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 =           2.15 

In the last two equations, a constant solar radiation value is assumed. For simplicity, 

two constants are defined. 

For the flat plate collector with the global solar radiation Iglb, these are: 

K1 =          2.16 

K2 =          2.17 

For concentrating collectors, the direct solar radiation is used for K1 

 =          2.18 

whereas K2 has the same expression. The solution of Eq. (2.13) is 

 = (1- )        2.19 

The time that the cooker needs to heat an amount of water with a given temperature 

difference , is then, 

 = - .In(1 -  )      2.20  
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2.12      Summary of Findings 

To exemplify the testing procedures, a solar cooker similar to those presented by 

Schwarzer and co-workers (Schwarzer et al., 2003; Hafner, 1999; Schwarzer et al., 

1996), was tested. The characteristics of these cookers are indirect heating which 

allows indoors or outdoors cooking. 

For the average values during the test period; global radiation 900W/m2, direct 

radiation 750 W/m2 and 5 kg of water per 1 m2 of collector surface, the period of time 

to heat up water from 20 to boiling was approximately 60 min. The continuous 

cooking test indicated that approximately 32 kg of water were brought to boiling in 

one day. If the system is hot, what normally occurs at daytime, the boiling time is 

about 15 min. The effect of the tracking can be seen in parabolic and fix-focus 

cookers, which uses the sun optimally from morning till evening whereas the simple 

parabolic cooker reflects some light on the pot-lid in morning- and evening-position. 

This work done by Schwarzer et al., 2003; Hafner, 1999; Schwarzer et al., 1996 

present the most common types of solar cookers that have been presented in the 

literature; experimental procedures to be used to calculate parameters, which 

determine the thermal performance of the solar cookers; and also a simplified 

procedure based on energy balance equations to help design solar cookers. 

Considering the thermal performance testing of a parabolic solar cooker carefully 

outlined by Dasin, 2013; all experiments were conducted outdoors at Centre for 

Industrial Studies, Abubakar Tafawa Balewa University, Bauchi – Nigeria on June 

and July 2010 to evaluate the thermal figures of merit. The experiments began in the 

morning hours and stopped when the maximum temperature of the cooking fluid 

(water) was achieved. During all experiments, global and diffuse components of solar 

radiation were measured using pyranometer (CM6B model, KIPP & ZONEN DELFT 
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Holland) with calibration of 9.63 x 10-6 V/ Wm2. Wind speed was taken to see it 

effect on the performance of the cooker using cup counter anemometer. Its accuracy 

was about ± 1%. Type K thermocouples were employed for the accurate 

measurement of the temperatures of the ambient, pot cover, absorber (cooking pot), 

cooking fluid and air gap (air contained in the cooking pot). The thermocouples were 

the 2 mm diameter stainless steel, grounded junction type. Their sizes were such that 

caused less obstruction to heat and their accuracy was ± 0.1 , when employed with 

the digital temperature output meter – Kane-May KM330.  

Experimental results in determining the best cooking time revealed that the morning 

and evening hours when the sun angles are low, have low solar radiation intensity and 

hence, unsuitable for solar cooking. Between about 9.00 a.m. to 4.00pm., the solar 

intensity is high, ranging from about 700 to 1000 W/m2, representing a suitable range 

for solar cooking. As the solar radiation varies from place to place and with time of 

the year, the best cooking time may deviate because of the effect of cloud cover. 

Bauchi - Nigeria is a typical location where cloud cover affects solar cooking. 

As expected, the effect of cloud cover was more pronounced for reflector cookers. 

The adopted procedure stated that wind speed should not exceed 2.5 m/s for more 

than 10 minutes during any given test. 
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CHAPTER III 

Methodology 

3.1  System Configuration 

The configuration of the parabolic solar cooker is illustrated in fig.3.1 as shown 

below: 

 

 

 

 

 

 

 

 

 

 

 

It comprises the following: cooking pot/absorber, potholder, frame/column, parabolic 

dish, adjustable mechanism and base support.  

 The parabolic dish is a concave dish made of steel and lined with 

reflective mirrors as shown in fig. 3.1. 

Figure 3.1:  Pictorial View of the parabolic solar cooker 
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 Cooking pot/absorber: It is a metal container that contains food stuffs, 

painted black and located at the focal point, F of the parabolic dish. When 

the sunlight rays are incident on the reflective surfaces of the parabolic 

dish, they are reflected and converged to the base of the absorber/pot 

located at the focal point to heat up the water or food stuffs in it. The 

black body (pot) enables adequate absorption of the reflected rays and 

thereby facilitates the cooking process. 

 The Potholder is constructed using a mild steel bar whose function is to 

sustain the pot/absorber at the principal focus of the dish during cooking. 

 The Parabolic dish adjustable mechanism is made of metal to support the 

weight of parabolic dish and absorber or pot. The main function is to 

allow the parabolic dish to align at various angles to capture the sunlight 

rays depending on the movement and position of the sun. 

 The Frame/Column is a rigid member which is attached to a flat base to 

support the dish and the absorber. In this design, a hollow cylindrical 

steel bar is selected as the dish column. 

 The Base support is designed using combined angle and channel-section 

steel bars which supports the whole solar cooker structure. 

The basic principle adopted in the construction of this parabolic dish solar cooker is 

that when parallel rays of light from the sun close to and parallel to the principal axis 
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are incident on a concave or parabolic shaped mirror, they converge or come together 

after reflection to a point F on the principal axis called the principal focus as shown in 

figure 3.2. Thus, it is at this point F that a higher intensity of heat is achieved. The 

absorber/pot  is positioned here, in order to absorb the incident rays for cooking 

purposes. 

 

 

 

 

 

 

 

 

 

 
           Figure 3.2:  Convergent Ray diagram  
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Fig. 3.3: Convergent Ray Formation Diagram 

 

3.2  Sizing of the Parabolic Solar Cooker 

3.2.1 Parabolic Dish: Method of a given focus and directrix was employed in the 

construction of this parabolic dish. The reflector plain mirror cut into shapes and 

fixed by glue to the steel in order to serve as the reflecting surface of the parabolic 

dish that converges heat to the base of the absorber or cooking pot. This is 

extensively illustrated in fig. 3.4. 
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From the figure above, D is the aperture diameter; h is the dish height; F is the 

principal focus; f or VF is the focal length, a = R is the distance from the y-axis, V is 

the base of the parabola,  is the rim angle, while r,  define the position of 

point R.  

The size of a parabolic dish is often specified in terms of a linear dimension such as 

the aperture diameter, D, or the focal length, f. A parabolic dish with a small rim 

angle is relatively flat and the focal length is long compared to its aperture diameter. 

The height of the parabolic dish, h, is defined as the maximum distance from the 

vertex to a line drawn across its aperture as shown above in fig. 3.4.  

Figure 3.4: Descriptive Analysis of the Dish 
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In rectangular coordinates with the y axis as the axis of symmetry, f is obtained as 

follows (Stine, 1985); 

X2 + Z2 = 4fY        (3.1) 

f =  (at Z = 0) = (5002)/(4×300) = 208mm. 

The height of the dish is given as (Mohammed, 2013); 

h =           (3.2) 

 =    =   300mm      

The rim angle  can be calculated as follows (Mohammed, 2013): 

tan  =            (3.3) 

 =    =    =  = -5.454546  

 = 800 

The parabolic dish aperture area, of most importance to the solar energy designer, is 

simply the circular area defined by the aperture diameter D. 

The aperture area, A is given as: 

A =          (3.4) 

×   = 785398mm2
 785400mm2 (4 sig. fig)  785000mm2 (3 sig. fig) 

The equation for the aperture area can as well be casted in terms of the rim angle  

and the focal length f as follows (Mohammed, 2013): 

A =         (3.5) 

 

3.2.2 Cooking Pot/Absorber:  The absorber is cylindrical and of external diameter 

do, external height Lo, internal diameter d, internal height L and thickness t =0.8mm. 
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For the purpose of this design, the internal volume of the cylinder (pot) is the same as 

the volume of the food, Vf2 (ref. eqn.3.15; Vf2 = 8.251× m3) after cooking. 

Therefore,  

V = π  =          (3.6) 

For simple solution of the equation and optimum design of the pot, the height L is 

made to be the same as the diameter d. thus; 

V = π  =  = 8.251× m3 

d =    = 0.219m  21.9cm  219mm 

L = d =21.9cm = 219mm 

Hence; 

do = d + 2t         (3.7) 

do = d + 2t = 0.219 + 2  = 0.2206m = 22.1cm = 221mm 

Lo = L + t          (3.8) 

Lo = L + t  = 0.219m + 0.0008m  0.2198m  

The effective surface area,  of the absorber is given as: 

 =  +         (3.9) 

 =  +  =  +  = 0.071825  

 = 0.071825  

The shell of the parabolic solar cooker is adopted from a commercially available 

satellite dish of aperture diameter D = 1000mm = 1m and height, h = 300mm = 0.3m. 

The geometric concentration ratio is given as the ratio of aperture area to absorber 

area (Sharma, 2004). Thus; 

Carea =   =               (3.10) 
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Carea   =    = 10.93 

3.3  Thermal Performance of the Parabolic Solar Cooker 

This parabolic solar cooker is designed and tested using gravimetric and volumetric 

Rice – Water Ratios. 

The heat demand load of the cooker is such that it will cook about 4kg of rice in a 

day. In order to reduce space requirement, the cooker is designed in such a way that it 

will cook only about 2kg of rice at a time. Thus, at an average uniform rate of solar 

radiation intensity, the cooker will make 2 cycles of almost equal length of time to 

cook the quantity of food required. The volume of rice, Vr1 to be cooked is given as:  

Vr1 =                (3.11) 

The density of rice,  varies between 777  - 847   due to the different 

varieties of rice (Bhattachary et al, 1972).  Thus, average value of 812  is 

adopted for this design. Applying it to eqn. 3.11 and noting that  = 2kg, we have; 

Vr1 =  =  = 2.463×  

For the cooking process, the optimum rice-to-water ratio by volume is given by 1:2 

(Mahavar et al, 2013 and Edward, 2013). The volume of water, Vw1 required to cook 

Vr1 volume of rice is: 

Vw1 = 2Vr1 = 2  = 2× 2.463×  = 4.926  

Total volume of food to be cooked, Vf1 is: 

Vf1 = Vr1 + Vw1 = 3Vr1       (3.12) 

Vf1 = 3×2.463×  = 7.389×  

The mass of water,  required for the cooking is: 
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 Vw1 =        (3.13) 

Where;  is the density of water evaluated at 25  and has the value of 

approximately 997.01  (Rogers, 1981). 

  

Total mass of food to be cooked, mf1 is: 

mf1 =  +          (3.14) 

 mf1 = 2kg + 4.9113kg = 6.9113kg 

After the cooking process, the volume of cooked rice (including water) expands to 

about 3.2 – 3.5 times the volume of dry (uncooked) rice (Green, 2013 and Nguyen, 

2009). An average factor of 3.35 is taken for this design. Thus, 

Vf2 = 3.35Vr1         (3.15) 

Vf2 = 3.35×2.463  = 8.251×  

The ratio by volume of cooked food to uncooked food is: 

 =  = 1.1167 

          (3.16) 

Therefore, after the cooking process, the volume of the food increases by about 

11.7% (ref. eqn. 3.16). 

In conventional methods, about 25% of the water required for cooking is lost to the 

surrounding by evaporation (Mahavar et al, 2013). If the amount of water lost is taken 

as directly proportional to the amount of water required, then the amount of water lost 

during cooking with solar cooker is 10%. Hence, the mass of water, mw2 remaining in 

the cooked food is:       

mw2 = (1 - 0.1) mw1 = 0.9 mw1      (3.17) 
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Mass of water loss; mloss  =  mw1 – mw2    (3.18) 

mloss = mw1 – mw2 = 4.9113kg - 4.42017kg  = 0.49113kg 

Mass of cooked food becomes: 

mf2  =  mr2 + mw2 = mr1  + mw2      (3.19) 

 mf2 = 2kg + 4.42017kg = 6.42017kg. 

The ratio of mass of cooked food to uncooked food is: 

 =  = 0.92894 

mf2 = 0.92893mf1        (3.20) 

After the cooking process, the mass of the initially uncooked food decreases by 7.1%. 

(i.e.  ). 

For 2 cycles of cooking in a day, the mass of cooked food is: 

2mf2 = 2×6.42017kg = 12.84034kg. 

The estimated rate of useful energy absorbed by the food for the cycle of the designed 

parabolic solar cooker is given by: 

               (3.21) 

The thermal efficiency range of most solar concentrators is 40% - 60% (Magal, 

2003). 

The estimated solar radiation,  is 700  (ASAE, 2013 and Funk, 2000). Hence; 

 (average value of 40% and 60%), 

 = 700 , 

A =   = 0.785m2 

    = 0.5×700×0.785 = 274.75W 

The rate of energy absorbed by the pot,  is obtained as (Mohammed, 2012): 

 =               (3.22) 
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=  =  =  

But, (optical efficiency) = 0.6 (lower of the fraction of 0.6 and 0.7; Lecuona et al, 

2013), thus; 

×  274.75W  =  329.7W 

In this design, the latent heat of vaporization of water is considered as part of the 

useful energy. The useful energy, q for one cycle is: 

q = q1 + q2         (3.23) 

Where q1 is the heat energy required to raise the sensible temperature of the food to 

100 , and q2 is the heat energy required to convert 0.49113kg (mloss) of water at 

100  to steam.  

q1 = (mw1 + mr1). Cp,H2O.( Tf2 – Tf1) = .A.       (3.24) 

Where   is the time required to raise the temperature of the food from  (=25 ) to 

 (=100 ). Thus; 

   =  =    7897 seconds 

   = 7897 seconds   131.6 minutes  2.19 hrs. 

q2 =  .Lw =  . . A.  

Where Lw is the latent heat of vaporization of water at 100  and  is the time 

required to convert 0.49113kg of water to steam. 

   =           (3.25) 

=  = 4040 seconds. 

 = 4040 seconds = 67.3 minutes = 1.122 hrs. 

Thus, the cooking time/cycle, t is given as: 

t =  +             (3.26) 
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 +    = 131.6 + 67.3  198.9 minutes hrs 

Therefore, for 2 cycles of cooking in a day, the total cooking time, tT is given as: 

 = 2t = 2×198.9 minutes  minutes = 6.63 hrs. 

 

3.3  Material Selection 

3.3.1 Material for the Body of the Dish 

Steel was selected over aluminium because of its strength, cost, durability, and 

energy effectiveness in use of material. Energy consumed to produce steel is 

estimated to be16500 kJ/kg compared to that of aluminium which is 141,000 kJ/kg 

(Mohammed, 2013). Commercially-available dish was adopted so as to reduce errors 

in the process of manufacture. It is easy to clean. Its smooth contour shape minimizes 

the sloping error of the reflective, glass material. 

 

3.3.2 Material for the Reflecting Surface 

A light glass mirror of high surface quality and good specular reflectance was 

selected. A glass mirror of 2 mm thickness was selected to reduce the overall weight 

of the parabolic solar cooker. Glass mirror was selected over polished aluminium 

surface because its reflectivity of 95% is better than that of aluminium (85%). 

 

3.3.3 Material for the Absorber/pot 

The container used in this solar cooker was not only a good absorber of heat, but it 

was cheap and easily available, because this cooker is targeted for the rural 

community. From the survey it was understood that aluminium is not only cheap and 

easily available, but also has a very good specific heat per cubic centimeter. 

So aluminium was chosen for the vessel. In order to retain the heat for a longer time, 

the vessel was painted black from outside. 
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Furthermore, Aluminium was selected over copper and steel because of its lower 

cost, light weight, and ease of fabrication. Its light weight reduces the overall weight 

of the solar cooker and also reduces the amount of work to be done in turning the dish 

on its axis. 

 

3.3.4 Material for the Absorber Surface Coating 

Black paint was selected for the absorber/pot coating. It was selected over other 

coatings because of its higher absorptivity at angles other than normal incidence, 

adherence and durability when exposed to weathering, sunlight and high stagnation 

temperatures, cost effectiveness, and protection to the absorber material. 

 

3.3.5 Food Material and Heat Transfer Fluid 

Rice was selected as a representative food to be cooked because it is a staple food for 

about two-third population of the world. It is also a non-perishable food item and can 

be cooked simply without adding any additive. Water was selected as the heat 

transfer fluid because of its stability at high temperatures, low material maintenance 

and transport costs, safe to use, and is the most commonly used fluid for domestic 

heating applications. 

 

3.3.6 Material for the Base of the solar cooker 

A combination of angle and channel-section steel bars were selected for the base 

which support the whole solar cooker structure. Channel-section and angle bars were 

chosen to provide solid and rigid support for the cylindrical, vertical-axis steel bar 

which supports the parabolic dish. 
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3.3.7 Material for the Vertical Support (column/frame) of the Dish 

A cylindrical, hollow, steel bar was selected for the support of the dish. This is 

because of its strength, rigidity, resistance to deflection by commonly encountered 

winds, and its ability to withstand transverse and cross-sectional loads of the entire 

heating portion of the solar cooker. 
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3.6             Isometric view 

The geometric explosion of the parabolic solar cooker is as shown in fig. 3.5 

below. 

 

Figure 3.5: Exploded Assembly 

Following a sequential order of assembly, the potholder is firmly attached to the 

parabolic dish using bolts with washers and nuts before the insertion of the pot to 

the holder. The dish with the potholder is mounted on a tilt mechanism to enable 

adequate adjustment for proper alignment with the sun. Furthermore, the tilt 
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mechanism is mounted on a cylindrical hollow frame. Here; the tilt mechanism is 

free to rotate about its axis pending on the orientation of the sun. Finally, the 

frame is mounted on a base support using bolts with suitable washers and nuts 

(ref. fig. 3.1) 

3.7              Construction Details 

3.7.1                  Parabolic Dish 

The parabolic dish was made from a stainless steel sheet of 0.3mm thick. Following 

the specification, the sheet was folded manually to achieve the parabolic shape of 1m 

diameter and 300mm depth. The sheet was joined by folding the edges and 

laminating them over the other. 

3.7.2                Tilt Mechanism/Dish Hanger 

The dish hanger was constructed using a flat bar of 5mm thick and 75mm wide. It 

was manually bent to achieve the designed shape. The dish hanger was further 

reinforced to add tremendous strength to the bar in order to effectively withstand the 

imposed load. The hanger was drilled at its ends to accommodate the lock shaft and a 

cylinder of 79.90mm outer diameter was attached to the hanger to enable adequate fit 

to the column. 

3.7.3               Tilt Adjuster Shaft 

The tilt adjuster shafts were designed and constructed using a lathe machine. Two 

shafts of 20mm (outside diameter) x 280mm (length) and 20mm (outside diameter) x 

280mm (length) were designed with a thread pitch of 2.5mm (v-thread). The two tilt 

adjuster shafts were screwed into the dish support for a firm alignment after being 

mounted on the dish hanger. Four ball bearings of 47mm outside diameter and 20mm 
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inside diameter were attached to the tilt adjuster shaft for stability, each shaft carrying 

two bearings. 

3.7.4                  Column 

The column was fabricated from a cylinder of 5mm thick and 113mm outside 

diameter. The height was kept at 500mm. A flat plate of 200mmx200mm was 

attached to the column with hole distance of 150mmx1500mm apart. The plate 

thickness was 10mm. A hole of 12mm diameter was drilled on the column at a 

distance of 100mm from the top to accommodate the lock wheel. 

3.7.5                  Lock Wheel 

The wheel diameter is 100mm OD with a protruding bolt of 12mm OD and 50.8mm 

length. The bolt was threaded with 1.5mm pitch distance (V-thread). 

3.7.6                 Potholder 

The potholder was constructed using a mild steel square rod of 10mmx10mm with a 

length of 381mm. The pot slot was constructed using a mild steel plate machined to 

230mm ID and 250mm OD. The square rod was further folded to 1m OD to fit with 

the dish. Three U-locks were used to hold the potholder to the dish. 

3.7.7                Base 

The base was constructed with a 50.8mmx50.8mm angle iron. The length of the base 

was kept at 812.8mm following a width of 609.6mm. The edges of the angle iron 

were welded using low hydrogen electrodes for maximum rigidity. The column was 

mounted on the base for a firm support. 
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3.8                     Problems Encountered and Solution 

i. In quest to make the entire design lighter in weight resulted to the selection of 

lighter weight materials which posed some stability problems. The entire design was 

adequately reinforced using mild steel flat bars in order to overcome the stability 

problems. 

ii. During the dish design stage, the major constraint/difficulty encountered was the 

lamination of the stainless steel, which was overcome using a careful manual 

technical approach. 

iii. Cutting and lagging of the glasses were another challenge. Various researches 

were made on the selection of the adhesive material to be used which finally resulted 

to the adoption of an evostick gum. 

iv. Purchase of the glass was another major problem as sales Vendors within Owerri 

and Aba did not have any catalogue or manufacturer’s data sheet (MSDS) to identify 

their products. As such, the purchase of the glass was made from the best quality 

product in stock at Aba. 
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CHAPTER IV 
[[ 

Results and Discussion 

4.1 Results 

After the design of the parabolic solar cooker as illustrated in chapter three, some 

cooking tests were carried out in front of Mechanical Engineering Department 

Building of Federal University of Technology, Owerri, Imo state.  

The experiments were carried out in two periods namely: November/December 

(Early dry season) and February, 2015(late dry season) to determine the performance 

of the cooker.  

The parameters measured which include: solar irradiance, ambient temperature, water 

temperature and the wind speed were taken at an interval of 30 minutes. At the end of 

the test, the collected data were analyzed and efficiency of the cooker determined. 

The data gotten from the twenty-one days of experiment are summarized in Tables 

4.1- 4.22. 
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Day 1:  21st November, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.1: Variation of water temperature, ambient temperature and wind 
speed at solar radiation with time on the 1st day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 507.00 30.00 29.00 1.10 

10.30 573.00 31.50 50.00 1.50 

11.00 569.00 31.70 52.67 1.90 

11.30 568.00 32.00 52.33 2.30 

12.00 646.00 32.00 58.00 1.80 

12.30 600.00 32.00 63.33 2.50 

1.00 605.00 32.67 68.67 2.20 

1.30 723.00 33.00 75.67 1.70 

2.00 767.00 33.67 84.33 0.90 

2.30 780.00 34.00 85.33 0.70 

3.00 672.00 32.67 83.33 1.30 

3.30 640.00 32.51 79.05 1.70 

4.00 572.00 32.00 65.00 2.40 
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Day 2:  22nd November, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.2: Variation of water temperature, ambient temperature and wind 
speed at solar radiation with time on the 2nd day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 500.00 29.00 29.00 1.50 

10.30 520.00 30.00 46.00 1.30 

11.00 800.00 31.00 52.00 0.90 

11.30 540.00 32.00 53.00 0.60 

12.00 700.00 33.00 54.00 0.80 

12.30 580.00 31.00 58.00 0.60 

1.00 550.00 33.00 65.00 1.00 

1.30 620.00 31.00 70.00 1.50 

2.00 750.00 33.00 77.00 1.80 

2.30 760.00 34.00 80.00 1.30 

3.00 850.00 34.00 85.00 0.70 

3.30 650.00 33.00 79.00 2.00 

4.00 420.00 32.00 75.00 2.30 
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Day 3:  23rd November, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.3: Variation of water temperature, ambient temperature and wind 
speed at solar radiation with time on the 3rd day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 580.00 30.00 30.00 1.90 

10.30 420.00 31.00 46.00 1.50 

11.00 620.00 32.00 53.00 2.30 

11.30 500.00 32.00 52.00 1.80 

12.00 625.00 32.00 58.00 1.10 

12.30 660.00 32.00 65.00 0.80 

1.00 580.00 33.00 68.00 2.10 

1.30 720.00 33.00 76.00 2.50 

2.00 780.00 34.00 86.00 1.00 

2.30 700.00 34.00 85.00 1.30 

3.00 650.00 33.00 83.00 2.00 

3.30 550.00 33.00 82.00 2.30 

4.00 420.00 32.00 75.00 2.80 
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Day 4:  24th November, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.4: Variation of water temperature, ambient temperature and wind 
speed at solar radiation with time on the 4th day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 480.00 27.00 27.00 2.30 

10.30 280.00 30.00 48.00 1.90 

11.00 235.00 28.00 44.00 2.00 

11.30 250.00 28.00 48.00 1.50 

12.00 420.00 30.00 55.00 1.10 

12.30 320.00 31.00 55.00 1.70 

1.00 430.00 32.00 56.00 1.30 

1.30 480.00 33.00 68.00 0.90 

2.00 820.00 33.00 70.00 0.80 

2.30 540.00 33.00 73.00 1.40 

3.00 760.00 34.00 78.00 0.50 

3.30 912.00 35.00 80.00 1.30 

4.00 712.00 34.00 78.00 2.60 
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Day 5:  25th November, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.5: Variation of water temperature, ambient temperature and wind 
speed at solar radiation with time on the 5th day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 320.00 29.00 29.00 2.80 

10.30 760.00 30.00 43.00 1.90 

11.00 560.00 30.00 44.00 1.30 

11.30 430.00 31.00 46.00 1.90 

12.00 520.00 32.00 54.00 1.40 

12.30 640.00 32.00 58.00 1.70 

1.00 990.00 33.00 64.00 2.50 

1.30 840.00 32.00 68.00 1.80 

2.00 720.00 33.00 72.00 1.50 

2.30 760.00 34.00 78.00 1.00 

3.00 850.00 35.00 80.00 0.70 

3.30 942.00 36.00 84.00 0.40 

4.00 820.00 34.00 81.00 1.30 
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Day 6:   26th November, 2014 

Mass of pot:   0.2kg 

Mass of water:   4kg     

Mass of Rice added: 2kg 

Start time:   10.00am 

Table 4.6: Variation of water temperature, ambient temperature and 
wind speed at solar radiation with time on the 6th day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 490.00 30.00 30.00 1.00 

10.30 560.00 31.00 40.00 1.30 

RICE WAS ADDED TO THE POT OF WARM WATER 

11.00 880.00 32.00 37.00 1.20 

11.30 870.00 32.00 60.00 1.70 

12.00 883.00 33.00 73.00 1.40 

12.30 900.00 34.00 82.00 1.90 

1.00 1006.00 35.00 85.00 1.50 

1.30 1102.00 36.00 90.00 2.00 

2.00 1205.00 36.00 95.00 2.20 

2.30 1320.00 37.00 98.00 2.80 

3.00 1008.00 35.00 82.00 2.50 

3.30 903.00 34.00 75.00 2.10 

4.00 793.00 33.00 66.00 2.30 

RICE COOKED 
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Day 7:  27th November, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.7: Variation of water temperature, ambient temperature and wind 
speed at solar radiation with time on the 7th day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 480.00 29.00 29.00 2.50 

10.30 501.00 33.00 36.00 1.90 

11.00 606.00 32.00 45.00 1.80 

11.30 670.00 36.00 56.00 1.30 

12.00 720.00 35.00 61.00 2.20 

12.30 806.00 35.00 65.00 2.30 

1.00 870.00 34.00 63.00 1.80 

1.30 903.00 32.00 68.00 3.20 

2.00 976.00 32.00 70.00 1.20 

2.30 1047.00 33.00 78.00 0.80 

3.00 1226.00 33.00 81.00 0.60 

3.30 1007.00 32.00 77.00 0.80 

4.00 908.00 31.00 70.00 1.30 

 

 



 
 

 

140 
 

Day 8:  28th November, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.8:  Variation of water temperature, ambient temperature and wind  
   speed at solar radiation with time on the 8th day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 700.00 28.00 27.00 2.60 

10.30 880.00 29.00 45.00 2.10 

11.00 950.00 30.00 49.00 2.50 

11.30 880.00 32.00 68.00 1.90 

12.00 800.00 34.00 76.00 1.70 

12.30 960.00 35.00 80.00 0.90 

1.00 1000.00 36.00 85.00 0.70 

1.30 990.00 37.00 87.00 0.40 

2.00 840.00 35.00 82.00 1.30 

2.30 620.00 34.00 78.00 1.70 

3.00 606.00 33.00 71.00 2.20 

3.30 570.00 32.00 62.00 2.80 

4.00 545.00 31.00 50.00 3.00 
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Day 9:  29th November, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.9:  Variation of water temperature, ambient temperature and wind  
   speed at solar radiation with time on the 9th day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 830.00 29.00 28.00 2.20 

10.30 900.00 30.00 39.00 2.50 

11.00 1010.00 31.00 52.00 1.90 

11.30 1100.00 32.00 59.00 1.30 

12.00 1180.00 33.00 65.00 1.70 

12.30 1090.00 34.00 75.00 1.90 

1.00 1000.00 35.00 86.00 2.80 

1.30 1110.00 36.00 92.00 1.60 

2.00 1220.00 37.00 95.00 1.40 

2.30 1280.00 38.00 98.00 0.90 

3.00 1150.00 37.00 96.00 1.50 

3.30 930.00 36.00 88.00 2.40 

4.00 910.00 35.00 70.00 2.70 
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Day 10:  30th November, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.10: Variation of water temperature, ambient temperature and wind 
speed at solar radiation with time on the 10th day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 440.00 30.00 30.00 2.80 

10.30 720.00 31.00 37.00 1.50 

11.00 873.00 32.00 48.00 2.60 

11.30 907.00 32.00 58.00 2.50 

12.00 980.00 33.00 62.00 0.80 

12.30 889.00 34.00 71.00 1.50 

1.00 1150.00 35.00 79.00 1.00 

1.30 1090.00 36.00 82.00 1.30 

2.00 1205.00 37.00 85.00 1.80 

2.30 1050.00 36.00 78.00 1.60 

3.00 1090.00 35.00 68.00 2.60 

3.30 910.00 34.00 63.00 2.30 

4.00 845.00 32.00 57.00 3.00 
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Day 11:  1st December, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.11: Variation of water temperature, ambient temperature and wind 
speed at solar radiation with time on the 11th day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 870.00 31.00 30.00 0.80 

10.30 900.00 32.00 45.00 0.30 

11.00 1006.00 33.00 57.00 1.30 

11.30 1200.00 34.00 60.00 1.20 

12.00 1260.00 35.00 67.00 2.00 

12.30 1290.00 36.00 73.00 2.30 

1.00 1300.00 37.00 83.00 0.80 

1.30 1119.00 36.00 80.00 1.50 

2.00 1008.00 35.00 73.00 0.70 

2.30 1002.00 34.00 69.00 1.00 

3.00 907.00 33.00 64.00 2.00 

3.30 817.00 32.00 59.00 1.80 

4.00 712.00 32.00 51.00 1.50 
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Day 12:  2nd December, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.12: Variation of water temperature, ambient temperature and wind 
speed at solar radiation with time on the 12th  day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 519.00 29.00 28.00 0.80 

10.30 808.00 30.00 49.00 1.80 

11.00 955.00 31.00 54.00 3.00 

11.30 1012.00 32.00 60.00 1.90 

12.00 1036.00 33.00 67.00 1.50 

12.30 1069.00 34.00 75.00 1.60 

1.00 1079.00 35.00 80.00 2.80 

1.30 977.00 34.00 72.00 1.00 

2.00 943.00 33.00 68.00 1.10 

2.30 984.00 32.00 74.00 1.90 

3.00 814.00 32.00 70.00 1.40 

3.30 830.00 31.00 73.00 0.70 

4.00 721.00 31.00 57.00 0.80 
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Day 13:  3rd December, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  09.00am 

Table 4.13: Variation of water temperature, ambient temperature and wind  at 
solar radiation with time on the 13th day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 791.00 29.00 28.00 2.30 

10.30 874.00 30.00 46.00 1.80 

11.00 1015.00 31.00 56.00 1.60 

11.30 950.00 30.00 55.00 1.20 

12.00 970.00 31.00 62.00 2.00 

12.30 980.00 31.00 61.00 1.40 

01.00 820.00 30.00 60.00 1.70 

HOT WATER REMOVED AND COLD WATER ADDED 

01.30 506.00 30.00 29.00 1.60 

02.00 589.00 32.00 43.00 2.30 

02.30 849.00 34.00 60.00 2.90 

03.00 870.00 35.00 64.00 1.70 

03.30 1095.00 36.00 75.00 1.30 

04.00 921.00 34.00 69.00 1.50 
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Day 14:  4th December, 2014 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.14: Variation of water temperature, ambient temperature and wind 
speed at solar radiation with time on the 14th day 

Time(sec.) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 500.00 30.00 29.00 1.00 

10.30 952.00 32.00 43.00 2.20 

11.00 1023.00 33.00 51.00 1.60 

11.30 1011.00 34.00 65.00 2.40 

12.00 868.00 33.00 63.00 1.20 

HOT WATER REMOVED COLD WATER ADDED 
12.30 559.00 34.00 29.00 2.00 

1.00 513.00 35.00 38.00 1.10 

1.30 860.00 36.00 55.00 1.50 

2.00 849.00 37.00 70.00 1.60 

2.30 875.00 36.00 67.00 1.00 

3.00 622.00 35.00 58.00 1.20 

3.30 511.00 33.00 48.00 1.50 

4.00 507.00 32.00 42.00 1.30 
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Day 15:  19th February, 2015 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.15: Variation of water temperature, ambient temperature and wind 
speed at solar radiation with time on the 15th day 

Time(s) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 512.00 30.00 25.00 1.40 

10.30 952.00 32.00 43.00 1.20 

11.00 1023.00 33.00 55.00 1.60 

11.30 1011.00 34.00 70.00 0.40 

12.00 1283.00 33.00 85.00 2.20 

HOT WATER REMOVED COLD WATER ADDED 
12.30 559.00 34.00 29.00 2.00 

1.00 513.00 35.00 38.00 1.10 

1.30 860.00 36.00 55.00 1.50 

2.00 849.00 37.00 70.00 1.60 

HOT WATER REMOVED AND COLD WATER ADDED 

2.30 875.00 31.00 30.00 1.00 

3.00 922.00 35.00 48.00 1.20 

3.30 1011.00 33.00 68.00 2.50 

4.00 907.00 32.00 42.00 2.30 
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Day 16:  20th February, 2015 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.16:  Variation of water temperature, ambient temperature and wind  
   speed at solar radiation with time on the 16th day 

Time(s) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 650.00 30.00 29.00 2.00 

10.30 852.00 32.00 48.00 1.20 

11.00 1023.00 33.00 65.00 1.60 

11.30 1211.00 34.00 88.00 2.40 

12.00 968.00 33.00 75.00 3.20 

HOT WATER REMOVED COLD WATER ADDED 
12.30 559.00 34.00 29.00 2.00 

1.00 701.00 35.00 38.00 1.10 

1.30 860.00 36.00 55.00 1.50 

2.00 949.00 37.00 70.00 1.60 

2.30 875.00 36.00 67.00 1.00 

HOT WATER REMOVED AND COLD WATER ADDED 

3.00 622.00 35.00 31.00 1.20 

3.30 807.00 33.00 48.00 1.50 

4.00 1011.00 32.00 68.00 2.30 
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Day 17:  21st February, 2015 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.17:  Variation of water temperature, ambient temperature and wind  
   speed at solar radiation with time on the 17th day 

Time(s) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 450.00 29.00 28.00 1.00 

10.30 752.00 31.00 40.00 0.40 

11.00 1013.00 33.00 61.00 0.20 

11.30 1201.00 34.00 75.00 1.60 

12.00 1096.00 33.00 73.00 2.20 

HOT WATER REMOVED COLD WATER ADDED 
12.30 559.00 34.00 30.00 1.00 

1.00 813.00 35.00 42.00 0.70 

1.30 860.00 36.00 57.00 0.50 

2.00 949.00 37.00 77.00 2.60 

2.30 1075.00 36.00 88.00 3.00 

HOT WATER REMOVED AND COLD WATER ADDED 

3.00 622.00 35.00 31.00 1.20 

3.30 921.00 33.00 50.00 0.10 

4.00 807.00 32.00 42.00 2.30 
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Day 18:  22nd February, 2015 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.18:  Variation of water temperature, ambient temperature and wind  
   speed at solar radiation with time on the 18th day 

Time(s) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 620.00 31.00 29.00 1.00 

10.30 852.00 32.00 41.00 0.40 

11.00 1003.00 33.00 68.00 0.20 

11.30 1211.00 34.00 75.00 1.50 

12.00 1301.00 33.00 83.00 2.20 

HOT WATER REMOVED COLD WATER ADDED 
12.30 509.00 34.00 30.00 2.00 

1.00 723.00 35.00 49.00 1.10 

1.30 960.00 36.00 67.00 1.50 

2.00 1049.00 37.00 80.00 1.60 

2.30 1305.00 36.00 97.00 3.00 

HOT WATER REMOVED AND COLD WATER ADDED 

3.00 622.00 35.00 31.00 0.90 

3.30 819.00 33.00 55.00 0.50 

4.00 807.00 32.00 42.00 2.30 
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Day 19:  23rd February, 2015 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.19:  Variation of water temperature, ambient temperature and wind  
   speed at solar radiation with time on the 19th day 

Time(s) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 510.00 30.00 29.00 1.00 

10.30 752.00 32.00 55.00 0.40 

11.00 1009.00 33.00 75.00 0.20 

11.30 1227.00 34.00 88.00 1.40 

12.00 1008.00 33.00 63.00 2.20 

HOT WATER REMOVED COLD WATER ADDED 
12.30 519.00 34.00 30.00 2.00 

1.00 810.00 35.00 74.00 1.10 

1.30 960.00 36.00 78.00 1.50 

2.00 829.00 37.00 70.00 1.60 

2.30 775.00 36.00 63.00 3.00 

HOT WATER REMOVED AND COLD WATER ADDED 

3.00 722.00 35.00 31.00 1.20 

3.30 907.00 33.00 48.00 1.80 

4.00 1201.00 32.00 68.00 2.30 
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Day 20:  24th February, 2015 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.20:  Variation of water temperature, ambient temperature and wind  
   speed at solar radiation with time on the 20th day 

Time(s) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 650.00 30.00 29.00 1.20 

10.30 852.00 32.00 45.00 0.40 

11.00 1044.00 33.00 65.00 0.10 

11.30 1211.00 34.00 79.00 1.40 

12.00 1008.00 33.00 63.00 3.20 

HOT WATER REMOVED COLD WATER ADDED 
12.30 559.00 34.00 30.00 2.00 

1.00 813.00 35.00 50.00 1.10 

1.30 1091.00 36.00 73.00 0.10 

2.00 1302.00 37.00 99.00 1.60 

2.30 1205.00 36.00 87.00 2.00 

HOT WATER REMOVED AND COLD WATER ADDED 

3.00 522.00 35.00 31.00 1.20 

3.30 807.00 33.00 52.00 0.50 

4.00 1001.00 32.00 78.00 2.30 
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Day 21:  25th February, 2015 

Mass of pot:  0.2kg 

Mass of water:  2kg 

Start time:  10.00am 

Table 4.21:  Variation of water temperature, ambient temperature and wind  
   speed at solar radiation with time on the 21st day 

Time(s) Solar 
Radiation(W/m2) 

Ambient 
Temperature(oC) 

Water 
Temperature(oC) 

Wind 
Speed(m/s) 

10.00 450.00 30.00 29.00 1.00 

10.30 852.00 32.00 52.00 0.40 

11.00 1007.00 32.00 70.00 0.30 

11.30 1211.00 34.00 88.00 1.40 

12.00 968.00 33.00 63.00 2.70 

HOT WATER REMOVED COLD WATER ADDED 
12.30 619.00 34.00 30.00 2.00 

1.00 803.00 35.00 52.00 1.10 

1.30 1063.00 36.00 74.00 1.50 

2.00 939.00 37.00 70.00 1.60 

2.30 815.00 36.00 67.00 2.00 

HOT WATER REMOVED AND COLD WATER ADDED 

3.00 522.00 35.00 31.00 1.20 

3.30 711.00 33.00 48.00 1.50 

4.00 907.00 32.00 68.00 2.03 
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Table 4.22:          Average Solar radiation and water temperature difference for 

                             30 minutes interval (10am-10.30am). 

Days Average solar radiation, Ib  (W/m2) Water Temp. difference(Twb-Twa),  
1  = 540.0 = 21 
2  = 546.5 = 17 
3  = 500.0 = 16 
4  = 380.0 = 21 
5  = 540.0 = 14 
6  = 525.0 = 10 
7  = 490.5 = 7 
8  = 790.0 = 18 
9  = 865.0 = 11 
10  = 580.0 = 7 
11  = 885.0 = 15 
12  = 663.5 = 21 

13  = 832.5 = 18 
14  = 726.0 = 14 
15  = 732.0 = 18 
16  = 751.0 = 19 
17  = 601.0 = 12 
18  = 736.0 = 26 
19  = 631.0 = 26 
20  = 751.0 = 16 
21  = 6511.0 = 26 
Total 13717.00 339.00 
Average  653.19 16.14 
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4.2  Cooking Power 

Referring to equation (2.8), the cooking power (or heating power) of the parabolic 

solar cooker is: 

P = (mwCw)        (4.1) 

Where: 

mw= mass of water in the pot; Cw = specific heat capacity of water = 4186J/KgK; 

; = temperature of water at 

the end of the test; t = time interval. 

From the experiment, the measured values of mw, ,  t are presented below: 

mw=2kg;  = 16.14oC (refer to table 4.22); t = 30 minutes= 1800sec. 

So, P = (mwCw)  =  = 75W 

4.3           Standardized Cooking Power (Ps) 

To determine the standardized cooking power (Ps), from the cooking power (P), each 

interval is corrected to a standard insolation of 700W/m2 (i.e. multiplying the 

observed cooking power by 700w/m2 and dividing by the average insolation 

recorded during the corresponding interval). 

 Therefore; 

 Ps = (mwCw) ×700      (4.2) 

 Where Ib represents the average solar radiation= 653.19w/m2 (refer to table 4.22) 

Ps =  *700 = 80.45W 
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4.4           Calculation of the Efficiency 

Based on the 1st Law of Thermodynamics; 

 Energy input = Energy output + Energy losses   (4.3) 

Energy input to the parabolic solar cooker can be calculated as follows:  

Ei = Ib * Asc         (4.4) 

Where:  

Ei = energy input in W 

Ib = Solar Radiation in W/m2        

Asc = surface area of the solar cooker in m2. 

But   is gotten as follows: 

Asc =   π        (4.5) 

Where;  

 a  =  

D =  1m (aperture diameter) 

 =  0.208m (focal length from eqn. 3.1) 

a =       =      =  1.201923m-1 

Asc = π   = π  =1.3854m2 

Energy output (heating power) from the solar cooker can be gotten as shown below:  

Eo =        (4.6) 

Where:  

Eo is the energy output in W; mw is the mass of water in kg = 2kg; Cpw = specific heat 

of water in J/kgK = 4186J/Kg.K ;  Asc is the surface area of the solar dish; Twa is the 
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initial temperature of the water in K; Twb is the final temperature of the water in K; 

t is the time in seconds  (30min = 1800secs) 

Thus, the efficiency of the solar cooker can be found as shown below:  

η      (4.7) 

Taking the average readings for the 21 days of experiment, considering the time 

interval from 10:00-10:30 (30mins=1800secs), we have the values as follows: 

 

Day 1 (Table 4.1): 

 η 100 =    13.06% 

Day 2 (Table 4.2); 

η 100= 10.44% 

Day 3 (Table 4.3); 

η 100   = 10.74% 

Day 4 (Table 4.4); 

η 100   = 18.55% 

Other efficiencies as shown in the table below were gotten using the same procedure. 
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Table 4.23:  Efficiency of the parabolic solar cooker on daily basis 
 
Day Efficiencies (%) 
1 13.06 
2 10.44 
3 10.74 
4 18.55 
5 17.62 
6 15.31 
7 13.71 
8 16.57 
9 13.19 
10 12.97 
11 14.61 
12 19.01 
13 15.18 
14 13.84 
15 15.18 
16 15.41 
17 13.62 
18 12.39 
19 20.75 
20 14.07 
21 18.78 
Average Efficiency (%) 15.00 
 

The Average efficiency of the parabolic solar cooker is calculated as follows: 

=   = 15% 
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4.5        Calculated Figures of Merit 

The figures of merit (f1 and f2) for this design are calculated as follows; 

 =         (4.8) 

Where; 

Tst = stagnation temperature of the absorber (pot) in oC 

Tf1 = ambient air temperature in oC 

Ib = Average solar radiation in W/m2
 

From the experiment, 

Ib =653.19W/m2 (refer to table 4.22); 

Tst = 103 Tf1 = 27  

 =  = . 

The  is gotten from Lecuona et al, 2013; 

     (4.9)   

From the equation above,  is the total specific heat (for both rice and water). 

Let  represent the specific heat of rice, the specific heat of water, 

 

  

 (Specific heat capacity of rice at 100 ; Majid et al, 2012), 

  

  

mf2 = 2kg + 4.42017kg = 6.42017kg (ref. eqn. 3.19). 

Let; 6.42017kg   
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 =  

=   

=  

=  

=  0.64 . 

Thus, according to the Indian standard (IS 13429: 2000), since f1  and f2 , 

the parabolic solar cooker is a Grade A type. 
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4.6   Discussions 

The figures 4.1 -4.84 represent the result of the field experiments carried out on the 

designed parabolic solar cooker. The experiment started November/December, 2014 

(early dry season) and ended at February, 2015 (late dry season).  

Between the hours of 11.30 a.m. to 2.00 p.m., the solar intensities were high as 

recorded, ranging from about 1100 W/m2 to 1406 W/m2 in almost all the days of the 

experiment, which represents a suitable range for solar cooking in the FUTO 

meteorological area. 

 

As the solar radiation varies from place to place and with time of the year, the 

performance of the entire solar cooker also varied due to the effect of cloud cover as 

seen in fig.4.21, 4.25, 4.33, 4.69, 4.73 and 4.77. 

 

Considering the plot of water temperature against time in the experiment, it was 

observed that at the start of the experiment, there was a rapid increase of the water 

temperature   due to the heat transfer from the thermal convergent spot to the fluid in 

the absorber owing to the initial water temperature, with conformity to the 

thermodynamic principles (heat is transferred from a region of higher temperature to 

a region of lower temperature). The absorber showed a higher retention ability of heat 

as low loss was recorded regardless of the fluctuation of solar radiation which could 

have led to a steeper drop. After a while, there was a proportionate increase of water 

temperature due to the partial clear sky condition within that period as seen in fig.4.1 

- 4.2 respectively. At the end, it was observed that when the wind speed decreases, 

the water temperature increases, vice versa.  
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From the plot of ambient temperature against time, it was observed that the ambient 

temperature rose from 29  to a maximum value of 37 . For a while, it was 

observed to be constant for some period of the day due to the clear sky condition 

experienced. There ambient temperature increased following an increase in the solar 

radiation, vice-versa. See fig.4.1 and 4.3 respectively. 

On the sixth day of the experiment (26/11/2014), the solar irradiance was extremely 

high up to 1320W/m2 at 2:30 (local time) and 1128.2W/m2 on the average between 

01:00 – 15:00 (local time). This condition was used to cook 2kg of rice with 4kg of 

water. It took about 5hrs to cook the rice against the 3.315hrs indicated in the design 

of the cooker. This is principally attributed to the imperfection in the design which 

could be traced to the glazing of the dish. There were lots of space lattices in the 

glazing which prompted some losses to transmission and absorption of the solar 

radiation by the dish. Despite the imperfection in the design, the performance of the 

cooker in this study compares very well with the one used by Buddhi et al, (2003), 

which was able to cook 1.6 kg of rice in the evening but it had three reflectors and 4 

kg of PCM (acetanilide) in the storage unit. 

The entire analyses reveal that the morning  and evening hours when the sun angles 

are low, have low solar radiation intensity and hence, unsuitable for the use of the 

parabolic solar  cooker. 

Federal university of technology, Owerri, Imo state is a typical location where cloud 

cover affects solar cooking. The effect of cloud cover was more pronounced during 

the experiment owing to the prevailing atmospheric conditions. However, due to the 

fact that Owerri is a windy area (at the coast), the presence of wind during the period 

of the result affected the performance of the solar cooker to a reasonable extent. This 

was the case in virtually all the tests conducted within the twenty one (21) days 
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unless otherwise stated (refer to fig.4.1 to 4.84) and proved that that the use of 

parabolic solar cooker is 100% dependent on weather condition. 

 

In addition, it was observed that the solar radiation at any given value could not be 

sustained up to 5minutes due to frequent cloud cover thereby contributing to the low 

performance of the entire system. 

Furthermore, the parabolic solar cooker is much effective for heating of water for 

domestic and industrial uses such as desalination and drying of agricultural products. 

This is possible because experiment shows that pathogenic microbes cannot survive 

at temperature beyond 55  (SCInet, 2014). 

It has been known since the late 1880s, when Louis Pasteur conducted 

groundbreaking research on bacteria, that heat can kill pathogenic (disease-causing) 

microbes. Most people know that contaminated water can be made safe by boiling. 

What is not well known is that contaminated water can be pasteurized at temperatures 

well below boiling, as can-milk, which is commonly pasteurized at 71°C (160°F) for 

15 seconds (SCInet, 2014).  

The chart below indicates the temperatures at which most common water-borne 

pathogens are rapidly killed, thus resulting in at least 90 percent of the microbes 

becoming inactivated in one minute at the given temperature. (The 90 percent 

reduction is an indicator frequently used to express the heat sensitivity of various 

microbes). Thus, five minutes at this temperature would cause at least a 99% 

reduction in viable microbes capable of causing disease (SCInet, 2014).  
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Table 4.24: Temperatures at which most common water-borne pathogens are          

rapidly killed. 

Microbe  Temp. Rapidly Killed At:  

Worms, Protozoa cysts  

(Giardia, Cryptosporidium, Entamoeba) 
55°C (131°F) 

Bacteria 

 (V. cholerae, E. coli, Shigella, Salmonella typhi), 

Rotavirus 

60°C (140°F) 

Hepatitis A virus 65°C (149°F) 

(Significant inactivation of these microbes actually starts at about 5°C (9°F) below 

these temperatures, although it may take a couple of minutes at the lower 

temperature to obtain 90 percent inactivation.) 

Source: http://solarcooking.wikia.com/wiki/Water_pasteurization 

Consequently the experiment revealed that at low solar radiation of 700W/m2 

(average), a minimum water temperature of 85  can be achieved (refer to fig. 4.9 

and 4.11), which will be suitable for cooking citing the research done by Hussein et 

al,(2008) which stated that the lowest temperature for cooking most kinds of 

food(rice inclusive) is about 75°C because in the process of cooking according to 

Mullick et al, (1978), nearly all the energy required to cook food is spent in the 

sensible heating stage to reach  the cooking temperature and once this is achieved, the 

energy input required to continue cooking is very small. Its primary purpose is to 

offset heat loss and maintain the food at the cooking temperature. 

 

From the analysis of the performance of the parabolic sola cooker, the cooking power 

of the cooker was calculated to be 75W which provides insight as to the cooker’s 
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ability to cook food and allows for comparison with device tested under the same 

conditions and as well determine the thermal performance of the cooker. 

The standardized cooking power was calculated to be 80.45W showing the cooker’s 

ability to cook food and a basis for selection and comparison by the consumers. 

The values calculated for the figures of merit (fi= 0.12 and f2 = 0.64) provide useful 

tool for the construction of the cooker and also dictates the type of cooking that can 

occur (baking or boiling). 

Observations from the performance of the cooker revealed that the efficiency of the 

cooker is not a function of temperature of the collector but a function of the 

temperature difference between the collector temperature and the ambient 

temperature which was shown in the calculation of the cooker’s efficiency. The 

Efficiency of the cooker increased with decreasing temperature difference between 

collector temperature and ambient temperature. Increase in temperature does not 

necessarily mean an increase in efficiency. Efficiency decreased with decreasing solar 

radiation. 

In addition, the 5 hours used in cooking instead of 3.15 hours expected shows that a 

solar cooker might not be as fast as a conventional cooker but solar cooking is simple, 

safe and it is a very convenient way of cooking and it works because the reflectors 

increased the amount of solar radiations getting into the dish. 

In conclusion, the parabolic solar cooker should be used by people in areas with 

medium and high insolation with appropriate selection of the type and specification 

of the cookers noting that the cooker offer best performance under clear sky 

conditions. 

Overall performance of the system showed that solar cookers should not be used as a 

major source of cooking, but as a support.  
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CHAPTER V 

5.0 Conclusion and Recommendation 

5.1 Conclusion 

Cooking with solar energy remains a fuel-saving technique, which can provide help 

in period of fuel scarcity and even in the midst of abundance of fuel, could serve as a 

backup thereby leading to the conservation of resources and reduction in carbon 

emission. A model of a parabolic solar cooker has been presented which consists of: 

a) Cooking pot/absorber 

b) Pot holder 

c) Frame 

d) Parabolic dish and Reflecting glass surface 

e) Adjustable mechanism    (f) Base support 

Following the design and development of the parabolic solar cooker for domestic 

applications, together with the predicted and actual performance of the system, the 

field results showed that the cooker can provide an alternative means of cooking rice 

and heating water for both domestic and industrial purposes. Although, during the 

period of the experiment, it was observed that the solar radiation was very low due to 

the prevailing season (rains sometimes), it still prove reliable to an extent (i.e., 

heating water). 

All the components used in the construction of the parabolic solar cooker were made 

from locally available materials. This promotes local content utilization of 

manufactured goods and services and hence leads to the conservation of our foreign 

reserves. 
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The cooker works by converting sunlight into thermal energy which is retained and 

used for cooking purposes. 

Moreover, it was observed that the use of parabolic solar cooker is 100% dependent 

on weather condition. Considering the region where the experiment was carried out 

(FUTO), it was observed that the solar radiation at a given value could not be 

sustained up to 5minutes due to frequent cloud cover thereby contributing to the low 

performance of the entire system. Furthermore, using this parabolic solar cooker 

allows families to:  

1. Save scarce fuel or firewood for use in cooking when solar cooker is available  

2. Using solar cookers for cooking smoke inhalation from the use of   firewood.  

3. Solar cooking is also much safer for people with AIDS or other illnesses since the 

absence of smoke reduces the chances of respiratory infections.  

4. The experiment further revealed that the parabolic solar cooker will be best used 

for the pasteurization of water for domestic and industrial uses. 

Finally, the overall performance of the system showed that solar cookers should not 

be used as a major source of cooking, but as support. 

5.2 Recommendations 

Based on problems encountered during the construction and testing, the following 

recommendations are made to enhance its future design. 

i. A parabolic dish with a reflecting surface should be used. This will serve as a 

means to reduce losses due to lattice spaces between glasses and thus enhance the 

efficiency of the cooker. Specifically, in order to achieve this, a parabolic glass dish 

should be used. 
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ii. An automated tracking device that will automatically adjust the position of the 

parabolic cooker with respect to the sun radiations should be incorporated in 

subsequent designs. 

iii. It may also be possible to incorporate in subsequent design, an auxiliary device to 

store heat energy from the sun during sunny hours, which can be utilized in periods of 

low sun intensity. 

iv. For effective performance of the cooker, a dish with a large aperture area up to 2m 

and above should be used in order to maximize the intensity of heat at the convergent 

point. This is recommended because the intensity of heat at the convergent point is 

dependent on the aperture area. 

5.3 Contributions to Knowledge 

Below are some novel concepts and techniques generated in the course of this 

research which can contribute to knowledge. 

Firstly, the research revealed that for certain time of the day, the parabolic solar 

cooker if oriented to the direction of maximum solar radiation can achieve better 

performance due to high solar intensity. 

Secondly, it was proposed that morning and evening hours of the day usually records 

low solar radiations, hence not appropriate time for solar cooking. 

Finally, heat cannot be sustained for more than five minutes using the parabolic solar 

cooker due to fluctuating weather condition. 
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APPENDIX A 

GRAPHICAL REPRESENTATIONS OF SOLAR RADIATION, WATER 
TEMP., AMBIENT TEMP., WIND SPEED AGAINST TIME  

                 

 

Fig.4.1: Graph of Solar radiation against Time for Day 1 Experiment  

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

10.0010.3011.0011.3012.0012.30 1.00 1.30 2.00 2.30 3.00 3.30 4.00

Water Temperature(oC)

 

Fig.4.2: Graph of Water temperature against Time for Day 1 Experiment 
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Fig.4.3: Graph of Ambient temperature against Time for Day 1 Experiment  

 

Fig.4.4: Graph of Wind speed against Time for Day 1 Experiment 
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Fig.4.5: Graph of Solar radiation against Time for Day 2 Experiment  

 

Fig.4.6: Graph of Water temperature against Time for Day 2 Experiment 
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Fig.4.7: Graph of Ambient temperature against Time for Day 2 Experiment 

 

 

 

Fig.4.8: Graph of Wind speed against Time for Day 2 Experiment 
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Fig.4.9: Graph of Solar radiation against Time for Day 3 Experiment  

 

 

Fig.4.10: Graph of Water temperature against Time for Day 3 Experiment  
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Fig.4.11: Graph of Ambient temperature against Time for Day 3 Experiment 

 

 

Fig.4.12: Graph of Wind speed against Time for Day 3 Experiment 
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Fig.4.13: Graph of Solar radiation against Time for Day 4 Experiment 
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Fig.4.14: Graph of Water temperature against Time for Day 4 Experiment 

Water temperature(oC) 

Water temperature(oC) 

Time(seconds) 

Solar Radiation(w/m2) 

Solar Radiation(w/m2) 

Time(seconds) 



 
 

 

183 
 

 

 

 

Fi

Fig.4.15: Graph of Ambient temperature against Time for Day 4 Experiment 

 

 

Fig.4.16: Graph of Wind speed against Time for Day 4 Experiment 
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Fig.4.17: Graph of Solar radiation against Time for Day 5 Experiment 
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Fig.4.18: Graph of Ambient temperature against Time for Day 5 Experiment 
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Fig.4.19: Graph of Ambient temperature against Time for Day 5 Experiment  

 

 

 

Fig.4.20: Graph of Wind speed against Time for Day 5 Experiment  
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Fig.4.21: Graph of Solar radiation against Time for Day 6 Experiment 
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Fig.4.22: Graph of Water temperature against Time for Day 6 Experiment  
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Fig.4.23: Graph of Ambient temperature against Time for Day 6 Experiment 

 

Fig.4.24: Graph of Wind speed against Time for Day 6 Experiment 
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Fig.4.25: Graph of Solar radiation against Time for Day 7 Experiment 
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Fig.4.26: Graph of Water temperature against Time for Day 7 Experiment  
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Fig.4.27: Graph of Ambient temperature against Time for Day 7 Experiment  
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Fig.4.28: Graph of Wind speed against Time for Day 7 Experiment  
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Fig.4.29: Graph of Solar radiation against Time for Day 8 Experiment  

 

Fig.4.30: Graph of Water temperature against Time for Day 8 Experiment 
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Fig.4.31: Graph of Ambient temperature against Time for Day 8 Experiment 

 

 

Fig.4.32: Graph of Wind speed against Time for Day 8 Experiment  
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Fig.4.33: Graph of Solar radiation against Time for Day 9 Experiment  

 

 

Fig.4.34: Graph of Water temperature against Time for Day 9 Experiment  
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Fig.4.35: Graph of Ambient temperature against Time for Day 9 Experiment  

 

 

Fig.4.36: Graph of Wind speed against Time for Day 9 Experiment  
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Fig.4.37: Graph of Solar radiation against Time for Day 10 Experiment  

 

 

Fig.4.38: Graph of Water temperature against Time for Day 10 Experiment  
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Fig.4.39: Graph of Ambient temperature against Time for Day 10 Experiment  

 

 

Fig.4.40: Graph of Wind speed against Time for Day 10 Experiment  
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Fig.4.41: Graph of Solar radiation against Time for Day 11 Experiment  

 

Fig.4.42: Graph of Water temperature against Time for Day 11 Experiment  
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Fig.4.43: Graph of Ambient temperature against Time for Day 11 Experiment  

 

Fig.4.44: Graph of Wind speed against Time for Day 11 Experiment  
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Fig.4.45: Graph of Solar radiation against Time for Day12 Experiment  

 

Fig.4.46: Graph of Water temperature against Time for Day 12 Experiment 
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Fig.4.47: Graph of Ambient temperature against Time for Day12 Experiment  

 

 

Fig.4.48: Graph of Wind speed against Time for Day 12 Experiment 
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Fig.4.49: Graph of Solar radiation against Time for Day 13 Experiment  

 

Fig.4.50: Graph of Water temperature against Time for Day 13 Experiment 
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Fig.4.51: Graph of Ambient temperature against Time for Day 13 Experiment  

 

 

Fig.4.52: Graph of Wind speed against Time for Day 13 Experiment  
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Fig.4.53: Graph of Solar radiation against Time for Day 14 Experiment  

 

Fig.4.54: Graph of Water temperature against Time for Day 14 Experiment 
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Fig.4.55: Graph of Ambient temperature against Time for Day 14 Experiment 

 

Fig.4.56: Graph of Wind speed against Time for Day 14 Experiment  
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Fig.4.57: Graph of Solar radiation against Time for Day 15 Experiment  

 

 

Fig.4.58: Graph of Water temperature  against Time for Day 15 Experiment  
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Fig.4.59: Graph of Ambient temperature against Time for Day 15 Experiment 

 

Fig.4.60: Graph of Wind speed  against Time for Day 15 Experiment 
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Fig.4.61: Graph of Solar radiation against Time for Day 16  Experiment 
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Fig.4.62: Graph of Water temperature  against Time for Day 16 Experiment 
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Fig.4.63: Graph of Ambient temperature against Time for Day 16 Experiment 
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Fig.4.64: Graph of Wind speed against Time for Day 16 Experiment 
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Fig.4.65: Graph of Solar radiation against Time for Day 17 Experiment 

 

Fig.4.66: Graph of Water temperature against Time for Day 17 Experiment 
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Fig.4.67: Graph of Ambient temperature against Time for Day 17 Experiment 
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Fig.4.68: Graph of Wind speed against Time for Day 17 Experiment 
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Fig.4.69: Graph of Solar radiation against Time for Day 18 Experiment 

 

Fig.4.70: Graph of Water temperature against Time for Day 18 Experiment 
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Fig.4.71: Graph of Ambient temperature against Time for Day 18 Experiment 

 

Fig.4.72: Graph of Wind speed against Time for Day 18 Experiment 
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Fig.4.73: Graph of Solar radiation against Time for Day 19 Experiment 

 

Fig.4.74: Graph of Water temperature against Time for Day 19 Experiment 
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Fig.4.75: Graph of Ambient temperature against Time for Day 19 Experiment 

 

Fig.4.76: Graph of Wind speed against Time for Day 19 Experiment 
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Fig.4.77: Graph of Solar radiation against Time for Day 20 Experiment 

 

Fig.4.78: Graph of Water temperature against Time for Day 20 Experiment 
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Fig.4.79: Graph of Ambient temperature against Time for Day 20 Experiment 

 

Fig.4.80: Graph of Wind speed against Time for Day 20 Experiment 
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Fig.4.81: Graph of Solar radiation against Time for Day 21 Experiment 

 

Fig.4.82: Graph of Water temperature against Time for Day 21 Experiment 
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Fig.4.83: Graph of Ambient temperature against Time for Day 21 Experiment 

 

Fig.4.84: Graph of Wind speed against Time for Day 21 Experiment 
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APPENDIX B 

GRAPHICAL REPRESENTATION OF EFFICIENCIES AGAINST DAYS 

 

Fig.4.85: Graph of Efficiencies against Days of the Experiment 

 

From the above result, it can be deduced that the parabolic solar cooker is 15% 

efficient. 
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