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Abstract. Solar cooking can be used in remote areas where there is not availability of gas for conventional cooker. The
wood cooker constantly consuming material to work. The advantage of solar cooker is that it need not matter to
consumption and can be installed in the space of a conventional cooker. In this paper, a cooking was made with
recycled material and evaluate their efficiency over time. The useful efficiency is the ratio of direct solar radiation by
the rate of heat that heats a water container inside the cooking. The rate of solar radiation varies with time of day and
his efficiency also varies with the time. An energy balance in cooking was made and were determined the parametes
with high influence. The lost power convective and radiative are the most influency the accurancy of resullts.
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1. INTRODUCTION

The major problems of world community are the ddgtin to the ozone layer and the Global warmirigc&the
1980’'s happens discuss global climate change iinteenational sphere and a series of events besthrthe Toronto
Conference on the Changing Atmosphere, Canada i§e&xctif88). The IPCC's First Assessment Report mdStall,
Sweden (August 1990) was created. The IPCC (Intemgponental Panel on Climate Change) is an indicatatimate
change as a statistically significant variatiormiparameter mean climatic and his variability. une) 1992 happened at
Rio de Janeiro, Brazil, the Convention Nations Feewark Convention on Climate Change (UNFCCC ) on E(02.
In 1997, the United Nations created The Kyoto protpan international treaty with more stringentneoitments to
reduce gases emissions that exacerbate global nguwriihe world efforts are to appropriate utilizatiof source
energy, reduce deforestation process ang é&fission, and many actions. One of these is thelojging of equipments
with low ambient impacts like the solar cooking.

According Wetter (2006) the solar cookers are apoirtant contribution towards halting the deforéstaprocess
and thereby preserve the environment. At the sameethey help in fighting poverty. 500 solar coaksave 5,500 tons
of wood a year, which translates into 1,000 hestafevoodland in the south of Madagascar. Ther®i€G, emission,
which is the main agent responsible for climatengea The population will become less dependent ondwand
charcoal. Besides environmental reasons there Ilspeegonomical and practical reasons to favourstilar cooker.
Families spend a lot less money on wood and chhrtbare is a pay back on the investment after @égnhponths of
using the solar cooker.

The solar cooking was invented in Switzerland 82 By naturalist Horace de Saussure. The cookiok $pend
centuries to be broadcast throughout the worldnéswlar (2009).

Solar cooling has three main categories: Box Oveasabolic Cooker and Panel Cookers.
Box Ovens: Are the most common type of solar owe, their use is widespread, particularly in depilg countries.
Hundreds of thousands of box ovens are used i laldine. Box ovens or cookers typically are sqoanectangular
and have a clear glass lid. Panel reflectors instdeluct heat throughout whatever is being cooBea. ovens tend to
cook at moderate to high temperatures, and thegrararily used for slow cooking.
Parabolic or curved concentrator solar cookers agseentrated sunlight. They typically have a lardish-shaped
design and a reflective surface. The parabolic esolre useful for cooking foods quickly at higmperatures. They
can be used to prepare individual meals or forela@gple institutional cooking. One of the primaiyadvantages of a
parabolic cooker is that must be monitored andsaéfufrequently to ensure that the correct amotistiolight is being
directed toward the surface. Parabolic cookersplesent a higher risk for fires or burns.
Panel Cookers combine elements of two categoriesy &re the easiest of the three to construct aadThey typically
feature a pot that rests inside a plastic or géassosure and is surrounded by three to five réfleganels. Panel
cookers generally cook food at much lower tempeeatumaking it much more difficult to overcook aurb food.
Their lower cooking temperature does limit the &y/pé&foods you can prepare, and they typically wmekt with foods
that have a higher moisture content. Unlike paiabppanel cookers do not require constant momigooir adjustment.
After the January 2010 Haiti earthquake was donlatedireds of solar Painel cookers kits to Haiti.

The three categories of solar coking are showdidate.
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Figure 1. The three categories of solar cokingB@} Ovens, (b) Parabolic Cooker and (c) Panel @mk

The solar cooking has very advantages, as:
- Equipment inexpensive and easy to make and use,
- Reduces the use of fuels such as butane or kexpieewood and charcoal,
- Reduce air pollution and deforestation, erosioah soil depletion, water pollution, the reductidrrain and oxygen
from the air and the advance of desertification,
- The workload of cooking: the food does not burn,
- Can be built small and lightweight, easy to tpons,
- Promotes better health because the food cooldysénd at lower temperatures, preserving the entsi,
- Reduces eye disease in the lungs caused by dnaokéhe burning of firewood in the kitchen
- Does not cause fires or burns. It is safer,
- Enables pasteurize water and milk, canning amgdi@ating fruits and seeds, breads, cakes anditsidtaked in the
sun, increasing the sources of family income.

Some disadvantages are they do not work in the impor at night, on rainy days. Have low efficiermy cloudy
days

For a high efficiency, a solar cooking should bedum areas that have high incidence of sunlighe fegions near
the equator are usually the best for your use.

The international solar ovens have released afligte twenty countries with the greatest poteriGalusing these.
And the criteria were taken in the ranking: thehlieist average incidence of solar, fuel shortagegpapdlation size.
The Brazil is in 13 th in the list. The 10 top lése:

1. India; 2. China;3. Pakistan;4. Ethiopia;5. Nige. Uganda;7. Sudan;8. Afghanistan;9. Tanzaniébith Africa.

There is little application in Brazil. Some studiesaluating their efficiency as Moura (2007), Oireeand
Damasceno (2009). However there is fails methodolbgrefore do not consider the input power or gynes not
useful to evaluate warm some food. Therefore thikwvas performed with a defined methodology.

2. METODOLOGY

The estimative of solar cooking useful efficiensysimilar a solar collector efficienciuffie (1991) presents
an energy balance in the solar collector. The tisetar irradiation reaches the set (cooking andan)i (lg;). One part
is lost to the environment by optical losseg) @s diffuse energy reflected from mirror. The powet arrives in the
box (R, is composed for the useful powerXAnd lost power (§. The lost powers are composed by the convective
and radiative lost. Cavalcanti and Souza (2010yvsldathe energy balance on the collector at thedigu
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Figure 2. Energy balance of the solar cooking.




Proceedings of COBEM 2011 21* Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

The useful efficiency is the relation of the usefutput energy and the input energy. The usefetgnis the
energy to heat and evaporate the water in recipi@mposed bgensible and latent heathd& input energy is the
product of solar rate to arparpendicular to sun’s rays.

Due the losses there are the optical, thermal aeduliefficiencies. The useful efficiency of collec may be
estimated by optical efficiency of collector anértimal efficiency of collector:

My == ()% () = (22 x (1) 1)
dir dir box

Some definitions of solar angle: the Solar aléushgle B) is the angle measured from a horizontal planeanth
up to the sun. The solar azimuth anglei¢ the angle measured between two vertical plaeeyeen the sun’s rays and
the north. Their angles vary with latitude, hemesgh solar time and month’s day, (Stoecker, 1986 collector
orientation and the solar angles are in figure \{iittred) the projected area of ray’s sun.
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Figure 3. (a) Orientation of collectors with sureys (b) The Solar Anglgsande.

A relation between the solar altitud® @nd reflector position anglelY was estimated as:

180+ 2.5
a=—"" 2
3 @)
A model of energy balance was elaborated to detetted the efficiency.
AT
Idir 'TgIaS'[Abox + Arans,mir -pmir ] + a'a-'A'TnAéig = h-A(Ts _Too) + g-U-A-Ts4 + m'Cp'E (3)

Where:
Tyias iS the glass transmissivity 0.79,
Apox is the box area =L.L.sif],
Atrans, miriS the transverse area of mirror =L.L.siff}),
L is the dimension internal (length and width) obker 0.44 m,
Pmir IS the reflectivity of mirror 0.91,
o is absorptivity of cooker’s surface 0.26 (whitérpa
o is the Stefan—Boltzmann constant 5,6 7%Y0/m?K*.
T is temperature
€ is the emissivity of surface (white paint) 0.9@ ajfass 0.94
m is mass of cardboard, steel, water and glass
C, is heat specific of cardboard 0.064 kJ/kg K, steéb2 kJ/kg K, water 4.18 kJ/kg K and glass 0.84%dkK,
AT/At is the ratio temperature variation by time vaoiat
Subscript: neig is neigborhood, s is surface, « is air.
The property optical of mirror, glass and whitefaoe and material’s heat specific were utilizing titerature’s values
of Holman (1983) and Incropera (1998).

The neighborhood temperature is similar the skypenature. Acording Retscreen (2004), teky temperature is
(Tswy) is the temperaturef an ideal blackbody emitting the same amountkyf mdiation.The &y radiation is
radiation originatingfrom the sky at wavelengths greater thamri. It is required to quantify radiative transfer
exchanges between a body and the $kye sky radiation varies depending on the presenedsence of clouds.

According Incropera (1998), the effective sky tenapere depends depends on atmospheric conditiangjing
from a low of 230 K unde a cold, clear sky to ahhid approximately 285 K under warm, cloudy coruis.
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The neigborhood or sky temperature were measurethéinterection of radiation heat change of blaeknted
metalic sphere with sun and neighborhood.

2.1 EXPERIMETAL APPARACT

The experiment was conduced in campus of UFRN,INRM, with the follow regional characteristics.
Data 29 jan 2011
Latitude -08 47'42”
Longitude -3512'34”
Height 30 m.

According Climatempo (2011) the atmosphericallyditans were:
Test Conditions: Sun with very clouds during thg.deriods of cloudy, with rain at any time.
Air environmental temperature: 31 a %3
Windy velocity: ESE 14km/h,
Cloudy and Relative Humid: 10 mm, 80%
Sunrise and Sunset: 05:22 hs and 17:45 hs.
An apparatus’s representation of can be showeidaef
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Figure 4. Experiment's apparatus of the solar cugki

During de test has very clouds during the mornintjj @1 hs, after was a sunny day,
Total irradiation solar range: 350 — 1050 \&/m
Wind velocity range: 0.1 km/h (0.028m/s) — 8.9 kr{#Ztb m/s),
Air environmental temperature: 26 a %D,

2.2 Experimental procedure

The useful efficiency is the ratio of useful enetgynput energy. The useful energy is energy usdteat and
evaporated the water. Then this energy is measutbebvariation of mass and temperature of wathe ifiput
energy is measure Ipyrometer and the area perpendicular based atatitade angleff) and reflector position angle
().

The Measurements were collect from 8 to 15 pm duir and calculated the daily average values. There
available the efficiencies of solar cooking usihg tnstruments. The description of instruments wse@xperimental
were showed at table below.

Table 1. Characteristics of Instruments for measure

Instruments Description/Characteristics

thermocouples Tipo K, range -40 °C a 204 °C, aayutd .0°C, resolution 1.0°C

Digital Temperature Indicator Coel, model CLCD2Xga -50 °C a 50 °C, accuracy +0.6°C, resolutioi®©.1
Spring Dynamometer Range: 0 a 10 Rgsolution 0.1 kg

Pirometer Instrutherm, model MES 100,

Gauge: 0 - 2000 W/mresolution 1 W/rf) accuracy 10 W/f

Digital vane anemometer Instruterm, model TAD-500, resolution 0.1 m/s oli Km/h, accuracy3%
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At 30 min before the measurement, the cooking vegséed with the sun position (solar azimuth angde)d the
reflector angle was adjusted according solar dkitangle. This procedure is to reduce the shad@waking and avoid
reducing his efficiency

At each hour, to measure:
» the global and diffuse irradiation,
e Solar azimuth and solar altitude angles,
* Mass, temperature of water in recipient,
» Air temperature and velocity
» Surface temperature at 2 points and glass suréswpdrature
* Neighborhood temperature

2. RESULTS

The solar irradiation or global solar irradiatiom ¢omposed for direct and diffuse irradiation. Tdiebal
irradiation was measured by pirometer and the shffirradiation was measure with the same instrurnentitilizing
um surface opaque to block the direct irradiatibime values of the direct, diffuse and global (swolpr irradiation of
data test for hour were showed at figure.
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Figure 5. Solar Irradiation versus hour

The irradiation’s measure varied widely at eactoeds. The accuracy was impaired due a measurechthear
not guarantee that this value correspond the axdae at time. At 9 am the solar radiation values wery low due the
presence of clouds.

The estimative of solar cooking efficiency is nexzeyg estimate thresolar power: The direct]), in box (R
and the useful power (Paccording the energy balance on the collecttimefigure.

The direct irradiation that reaches the cooking amiior was determinate by transversal area ofsrayn and the
direct solar irradiation showed at figure 2 ande3pectably. The values direct irradiation weredeinate at each hour
range, by the means at each hours and the projactedof ray’s sun were determinate by equationilZing the
hourly means of angle(and), as equation 3.

The irradiations that arrive in the boxp{ were determinate by the difference of the diieetdiation and the
optical losses ( which is affected by the optical property (refleity) of glass and (transmissivity) of mirror. &h
optical property were considering diffuse.

The useful power (ff were determinate by sensible and latent heatatémThe change of mass and temperature of
water were measured utilizing temperature Indicatat spring Dynamometer.

As much as all experimental data were estimateghelh range of hour, the heat transfers were shaivedd of
hour for each range, begging at 9 hs and finishintp hs.
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Figure 6. Power heat transfer versus hour

The optical, thermal and useful efficiencies were eatird like equation 1. His values also were estichateeach
range of hour like showed his values at figure.
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Figure 7. Efficiency versus hour

The optical efficiency depends of transversal areatudé solar angle and property optical of mirrod agiass.
Their values are almost constants, the low vamatioccur due a low variation of transversal areth waititude solar
angle @)through the hours.

The sensible heat of water is very low compared watent heat of evaporation. Beginning the watay das
sensible heat by the temperature increase. At dlbkerved an water evaporation by reduction of watass. This
energy is very significative and can be noticecemvation of thermal and useful efficiencies. The efficiency are
related with useful power. As time observed an iogvease of this two efficiency. The useful powsx eonstant until
15 hs, but the direct irradiationyf) and power box (B, have the maximum value at 11 hs and after thgging the
reduce his values due the reduce at solar irradialihe effect can be observed at figure 6 and 5.

The lost power can be estimated by two methods. fonthe energy balance by the difference of thevgrobox
(Pwox) and the useful power (Pas like figure 2 and the other for the literatamerelations of convection heat transfer
and liquid radiative transfer. The seconds methdegends on the velocity of wind to estimate thevection
coefficient, and the optical property as absorptief cooker's surfacea) and the emissivity of surface)@ccording at
equations 3. The convective heat transfer is foad not natural, the comparison can be realizeditmgnsionless
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parameter Gr/Re His low value means the dominant convection isdd, otherwise his high value means the
dominant convection is natural. The value near Ameeoccur mixed convection. The range experimedatiale of this
parameter were 0.021 to 0.0000017 means the dohioamection is forced. The range forced convectioefficient
for surface estimated for correlations changin@!84 to 7.9 W/rh°C.

The comparion of values of lost power were stroisgrépancy. The variation of wind velocity at tirmed the lack
of accuracy of value of optical property of cookimgde by cardboard milk carton have significant@fbf lost power.
The emissivity of surfacee)l was adjusted from 0.9 to 0.5 for reduce the thffiee among the two methods. The

comparion of values of lost power determinatedvby methods and his value difference for emissieitysurface £)
0.5 can be showed at figure.
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Figure 8. Comparion of Lost Power for emissivitycobking surfaceej of 0.5

The equation 3 has the right side composed foinjhet energy from direct solar and absorptivitys&ghborhood
and the left side composed for the output energmfconvective, radiative’s emissivity and storedrey.

The comparion of the input energy, output energy lais difference for value emissivity of surfag® .5 can be
showed at figure.
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Figure 9. Comparion of input and output energy fiegmation 3.
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The input and output energy have values almostleqtfathe emissivity of surface was not changes &mergy
difference will be for all time positive.

3. CONCLUSION

A cooking was builded with cardboard box and weral@ated useful, optical and thermal efficiency otume. The
efficiencies change with the hour. Also there westimatedHhe direct (), in box (Roy) and the useful power (P

An energetic balance were performed at cookingthadost power were determined by two methods. rElselts
indicated that the convective and radiative lostehthe high discrepancy. The imprecision of airoe#y and the
property optical of surface have strong influenchia values. The dominant convection is forced.

Some adjust of emissivity of surface was made doge the discrepancy.
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