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Motivation

Underdeveloped countries

AWellknown problems related with burning wood or another type of
biomass
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Motivation

What about developed countries?
ARenewable energies are increasingly present in society

ASpecifically solar energy——— Water heat and electricity

Why not for cooking? - Lack of knowledge

Small fraccfri%n of the
bill

BARRIER

I i s, & A ; S A - : "‘.\;" ~ - _ o
SolarCookerdnternational: The Sola€ookingWiki, http://solarcooking.wikia.comviki
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Motivation
Solar cookers faleveloped countries

AAvoid wild fires caused by barbequing |t could be of much
AAvoid fumes and smells in a help for

condominium derd | 9
AGain conscience of renewable energig¢s underaevelope

and energy poverty countries
AShowing solar energy in public placesl>-
AFamiliarize with solar energy COMBINED
AEducate youth APPROAC
Alnduce corporate social responsibil_itl




Design

AOutside location without permanent N N
ARobust and resistant to weather actior I

ASafe and ready to operate

A 1.5X1.5 m to 2.0X2.0 m metal absorber flat plate and around 1 cm thickifegs’/ /
for durable heat storage (4) Y v
A Flat glass upper cover for greenhouse effect (3), (2)
ML,
A 30 cm to 40 cm side length box solderedaaiangingoven (5) with double 8~
walled door (6) €

A Thermal insulation by a thick fiberglass layer protected to be impervious (7) /
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A Grounded installation (13) by a supporting column (8) \;/// .
A Azimuthal sun tracking (12) with lock function (11) and fixed tilt angle R \ o |
approximately equal to local latitude Patentedbythe a L ¢ @dug Carlos llUniversityof Madrid

ES2540160 B1; 13th April, 2016
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Design

Solar cooker as a public furniture process of developme
NEZATS~— N

A Thermal modeling to estimate its
performances and allow to
optimize the design

A Public security study and a civil
regulations study

A Evaluation of a prototype including
I dzaSNXQa |yR 08
gather their opinion evaluation in
terms of social value
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ThermalModeling

Two approaches
ADiscretizedD

ALumpedparameter
1Dthermalmodel thermalmodel
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Introduces the thermal conduction resistance in the X and Y

Simplestmodeling direction » a=k rc*?

SOLAR COOKER AS A PUBLIC FURNITURE. THERMAL MOZELBWGE Ale la Rocha, JNlogueira Spain.
CONSOLFOOD 2018



ThermalModeling

Equations

: : : : : !
FourierBiottransientheat conductionequation * vaeraneo
” g 19T
VT + T > Discretizedn p- p+1 » Equationamplementedin Mathcad®
A Isotropicmaterials A Material properties TP** =A-T*+B

A Constanthermal conductivity A Boundaryand initial conditions o

m,1
m.,5

Tppl},:':! = Tpp 1.mn
&M
m, 0
m.,b

A Transitoryregime
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Resultsand Discussion
Constant irradiance heating tests

G, =1.0KW m? T, =30°C

A Time evolution of temperatures during no load A Comparison of time evolution during no load
test under constant irradiance heating
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plate elements of the 2D model the oven T, Total power time evolution

Main temperatures of the 1D model
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Resultsand Discussion
Constant irradiance cooling tests

G =0 T,,,=30°C G, =1.0kWm? T,,,=30°C

A Temperature time evolution during no load

cooling of the bottom wall of the oven, T A 2 kg water load heating with boiling and cooling
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Resultsand Discussion
Cleardaytests

A Water temperature time evolution, 2D model, starting with 2 kg water load in the afternoon after 3 days of
equalization
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Conclusions

AAnN innovative solar cookaven as a public furniture has been proposed
A Permanently outdoors with minimum maintenance

A It incorporates sensible heat storage into its own ssligte materials

AThe performed thermal modeling promises good performances,
supporting the concept

A It can cook lunch and dinner during the whole year during a clear day at mid
latitudes

AThe heat diffusivity of the absorber plate plays an important role in the
oven temperature time evolution
A 2D modeling can represent this phenomenon but not 1D modeling

A The 1D model needs some improvements if better predictions are expected



FutureModelinglmprovements

Alntroduce a phase change material (PCM) between the collexten
assembly and the thermal insulation and analyze its response in order
to accumulate heat for more hours and be able to prepare breakfast

AAnalyze the performance with cheaper materials and other food

Almprove the accuracy of the 1D model and validate experimentally



Thank you very much for the attention
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