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ABSTRACT

Solar cooking is one of the most promising techniques to meet the cooking needs
in remote areas where electricity and fuel supplies are insufficient. Solar box cooker
is an efficient device used in solar cooking as it is simple to fabricate, easy to operal¢
and hazard-free. A latent heat energy storage system was designed and fabricated 10
cook the food at o-peak hours of solar radiation. The estimated dimension of the box
cooker area is around 0.28 m’, for the energy requirements of 2859 KJ/day for
‘cooking. This latent heat energy storage system is combined with the solar box

“cooker. The selection of phase change material is based on high specific enthalpy and
“its melting point lying close to the cooking temperature.

A solar cooking box has been constructed with wood and for storing the thermal
energy we have chosen the unrefined cotton seed oil as thermal storage medium in
‘the aluminum duct. For being thermal resistance for the box the materials used are
toughen glass and wood, and for increasing the maximum input energy we have
“increased the solar radiation incident area by providing the another reflective mirror

‘and for absorbing more heat we have coated with black paint considering the

‘absorptivity.
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CHAPTER |

INTRODUCTION

Ihe potentinl of renewable encrgy sources i enormons as they can o prnciple meel
sty times the worlds energy demand. Renewable energy sources such as biomiss, wind,
solar, hydropower, and geothermal can provade sustainable energy services, bised on the s
of routinely avinlable, mdigenous resources. A transition 1o renewables bed  enerpy
systen 1 Jooking incrcasingly likely as thenr costs decline whinle the price of ol and g
contmue 1o Thuctuate. Ino the past 30 years solse and wind - power systens have
expenienced vapid sales growth, dechning capital costs and costs of electnenty pene ateel,
andl have continned to improve their performance charactenstics. In fact, fossl fuel and
penewable encrgy prices, and social and environmental costs are heading i opponte
directions and the cconomic and policy  mechmisms needed 1o support the widespread
dissermination and sustsinable markets for renewable encrgy systemns are rapndly evolving
It i becoming clear that future growth in the energy sector will be primanily i the new
repme of renewable energy, and 1o some extent natural  gas-based  systems, not i
comventional o1l and conl sources, Because of these developments market opportunity now
ety to both inovate and to take advantage of emerging markets to promote renewable
enctgy technologies, with  the additional  assistance  of - governmental and  popular
sentiment. The development and we of renewable encrgy somces can enlince diversity in
enerpy supply markets, contribute to securing long term sustaimable energy supphies, help
tedice loeal and plobal atmospheric emissions, and  provide commercially  attractive
oplions 1o meet speailic energy service noeds, particularly i developing countnes and
il areas helping to create new employment opportunities there, In this project we wew
sl encryry s the main energy supplier for the project. Solar thermal energy refers 1o the

echnologies that wilize the s energy for cooking, Tor heating witer and other heat
. /
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SOLAR POWER COOKER
%
CHAPTER 2

WAYS TO STORE THERMAL ENERGY

Thermal energy storage involves the storage of heat in onc of three forms; Sensible

e ——

heat, Latent heat and thermo-chemical heat storage. Sensible heat storage is the most
~common method and has been employed for hundreds of years as hot water tanks.
Sensible heat storage simply means changing the temperature of storage medium. The

- storage medium s most commonly water but rock, sand, clay and carth can also all be
sed.

:
t Latent heat energy storage involves the storage of energy in Phase-Change Materials
(PCMs). Thermal energy is stored and released with changes i the materials phase. The
‘most common phase change to exploit is the solid-liquid transition, as the liquid gas
transition is impractical and solid-solid (crystalline structure) transitions usually have too
ow an energy density to be useful. When a PCM is heated itially it behaves like
sensible heat energy storage and the materials temperature is increased. However, once the
transition temperature is reached the material will continue to absorb heat at a constant
femperature while 1t changes state. This heat absorbed at constant temperature is known as
¢ latent heat of the transition. To retrieve the energy the PCM can be changed back
from the liquid to the solid phase and the energy stored as latent heat is released.

Thermo-chemical heat energy storage involves storing heat energy in chemical
bonds. A reversible chemical reaction which absorbs heat is used to absorb the heat
2y that is to be stored. This reaction can then be reversed to release the stored heat.
most common reactions used for this process is the hydration of salts. The energy

Storage is based on the release of the heat of hydration. Hence, a salt hydrate storage svstem
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SOLAR POWER COOKER

Tabis | -
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Figure 2.1: Under ground storage system

Aquifer storage

Aquifer storage uses a natural underground water-permeable layer as a storage
dium. The transfer of thermal energy is achicved by mass transfer (i
Mracting/re-injecting water from/into the underground layer). Most applications deal
fith the storage of winter cold to be used for the cooling of large office buildings and
Beustrial processes in the summer (Figure 2). A major prerequisite for this technology 1s
k availability of suitable geological formations.

Cavern storage and pit storage

Caven siorage and pit storage are based on large underground water reservoirs

led in the SUbSOiI (0 Serve as tﬁen‘na] energy Si.ﬁl'aj_l'l: S}S!E"E- These Slﬂrﬂgc ﬂpllﬂﬂs anrc

fEhnicaly feasible, but applications are limited because of the high inwcstnwn%mﬂ*or

’tmncmmnr{l . above 100 C) sensible heat storage, the technology of choicg 1s-based
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SOLAR POWER COOKER

CHAPTER 3

LITERATURE REVIEW OF SOLAR
COOKER

The standard proposed by Mullick s more complicated and ks universal than the
being evaluated, though the charactenstic curve they developed is a good predictive
o) CGrupp cmploy & test procedure that presents moch useful information especially
for Furope. In recent years several authors have investigated methodologies for the
waluation and companison of solar cookers . “Traditional methods of charactenizing the
erfurmance of wolar wookers are basedd on energy analysis as they are basedl on the [irst
Yo of thermodynamics and provide information about the total quantity of energy
ithout investigating the quality and the avail- ability of energy. The exergetic analyss
of Jow unt parabolic type and box type solar cooker was conducted by Ogurk for the
first time in 2004 Inspired from the study of Onurk, Petela in 2005 carned out the
perlonmance evaluation of a cylindrical trough shape solar cooker based on the exergetic
wagss, Comparative study on encrgy and exergy effinency for Box type and parabolic
Bype wlar uskers wes conducted by Oztruk under the clhiunatic conditions of Turkey
Boddin and tahen desgned & bortype solar woker having laten) hest slorage and
formeal that 10 i peasible to cook the food, cven i the evening hours with latem heat
Hrage Nabiar designend, developend and tested & novel solar oooker that doos not reguire sy
teking and s performance was conprared with & hot-bux type wolar vsker. The verall
Merericy of the mersed solar cmker was found 1o be 29 % percentage and the paytack period
v B v b betwenny | 0 and 329 years depending upon the fuel 11 replsces. made 2
Prlataen study of the buxtype solar cooker with special cmphasis on the shape of he

o e wennils vsed ‘The study revealed that the [mfrmmw: of u solar vooker o o

| Ppreved o WE with & woneave shape Did 15 wsed instesd of & plpiy }hmfuém PRA

P REPHIRUPATHIREDEI . il snahyeed the: thermal perfurmmanes; of a W R AL
b aned wnhuﬂtqul [ [Autdnomyc
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SOLAR POWER COOKER

CHAPTER 4

DESIGN CONSIDERATIONS OF
SOLAR COOKER

WORRKING
L Esscntially, reflectors in the solar cooker focus sunlight on a dark pot within the
g cooker. which has a ught-fitting lid 10 contain heat and moisture A dark pot s usad
gt absorbs the maximum amount of heat, and allows higher cooking temperatures In
er 10 trap heat, isolating the air inside the cooker from the surrounding atmosphere makes
gmportant difference. Using a clear solid, like a plastic bag or a glass cover, will allow
ght 10 enter, but once the light 1s sbsorbed and converted 1o heat, a plastic bag or glass
gr will trap the heat mside. This allows tempersture 10 reach similar levels on cold
g windy days as on hot days. Thewe plastic shoets have an added benefit of blocking any
5 that could potentially sop through and damage the cooker, Cooking containers and
p iade bottom of the cooker should be dark-colored or black. Inside walls should be
ive 1o reduce radiative heat Joss and bounce the light towards the pots and the dark
Bom, which i in contact with the dark pots.
A wolar cooker can be advisably used when the length of one’s shadow on the ground

than that individual's height. This indicates that the sun s high enough 1n the

Lo allow for efficent cooking

Kegional Considerations
Appraximamely 600 000 cookers are being used 1n the Andes, Tibet, Nepal, Mongolia

Parts of Ching. However, the biggest recent sucoms story has boen 1n villages 1in India

M of the following conditions apply, this region may be suitable for solar cooking

ysungry days throughout several months of the year Outdoor space available tha

.~-"'-’
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CHAPTER 3

CONSTRUCTION AND
PERFORMANCE OF SOLAR BOX
COOKER

o
e

Design calculation of solar cooker

1. Sensible heat of water = m Cp (T2-T1)
= 1*.2%((100+273)-(30+273))
=294 KI
- Latent heat of water at 100 degrees centigrade = 2250 KJ/Kg
. Sensible heat of steam = m Cp (T2-T1)
1*2*((120+273)-(100+273))
= 42 KlJ
4. Sensible heat of milk = m Cp (T2-T1)
=]*3.8*(80-8)
=273 KJ
* Energy required for heating of 1Kg of water and 1Kg of milk
= (S.H+L.H) of water+(S.H)of steam+(S.H)of milk
= (294+2250)+(42)+273
= 2859 KJ/day

| B ]

fad

* Solar rachations fda}-'fm:arua= 5.5 KWhr (NREL-National Renewable laboratory)
= 5.5*3600 KJ
= 19800 K

* Efficiency of the box cooker = S0percent (Assumption)

o del“ 6
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SOLAR POWER COOKER
198000 5
VODOK ) day m-‘ ared
* Box cooker collection aren - 28599000

. L]
028 mye

arval et us consider the solar cooker is a square type:

Q All dimensions
"Drb are in mm

Figure 5.1 Box dimensions

J i
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- SOLAR POWER COORKER

| CHAPTER o

l RESULT

* Fxpeniments carned out show that the lughest temperature gotten both on the ground
[ floor and at the top of the roof was more than 180 0C. Tt means that emperature goften al
the top of the roof is same with that at the ground floor.

* Efficiency (n) s not a function of temperature of the collector but a function of the
temperature difference between the collector temperature and the ambient temperature (
Te-Ta ) 0C,

¢ Efficiency  nereased  with  decreasing  temperature  difference between  collector

|

temperature and ambient temperature. Increase - lemperature does not necessanily mean ]

an increase in efliciency, Efficiency docreasad with decreasing solar radiation. Energy (1) |

per second radiated by the absorber plate is dependent on the Collector Temperature Te .

{ (0C). 1

| * Energy increased as collector temperature inereased. For the cooking expeniment that |
was carried out, 70 grams pack of indomie which takes about 15 nunutes to cook using a

conventional cooker was cooked in 25 minutes. This shows that a solar cooking might not |

be as fhst as a conventional cooker but solar cooking is simple, safe and 1t is a very |

convement way of cooking and 1t works. |

“ In this case the reflectors increased the amount of solar radiations getting into the box.

The Maximum temperature of the absorber plate was more than 180 0,

e —

* The reflectors helped to concentrate more sunlight thereby mcrease the temperature ol

the Absorber plate.
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