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    This book aims to study the effect of the geometrical parameters on the airflow behavior inside a solar chimney power plant.




    In the first part, we have developed simulation by using the CFD software ANSYS Fluent to model the airflow. In these conditions, we have adopted the realizable k-ɛ turbulence model, the DO radiation model, and the convection heat flux transfer model. These models have been validated with anterior experimental results due to the acceptable coherence between results. In the second part, alternate geometric configurations of the solar chimney power plant were numerically studied to expand on the design optimizing of the solar chimney. The goal is the study of the effect of the geometric parameters on the airflow behavior inside the solar chimney to obtain an optimal size available to construct a prototype of a solar chimney power plant. The developed study confirms that the increase in the height and diameter of the chimney, and the diameter of the collector increases the temperature and the air velocity. However, an increase in the collector height decreases these parameters. An experimental study is also presented in the last part of this book. The experimental prototype, constructed at ENIS, is used to study the environmental temperature, distribution of the temperature, air velocity, and the power output generated by the turbine. The main results were found from this prototype are the solar radiation and the gap of temperature in the collector. These parameters are important factors affecting the performance of the solar chimney power plant.


  




  

    ACKNOWLEDGEMENT




    The authors sincerely and heartily acknowledge their colleagues from the Laboratory of Electro Mechanic Systems, for the assistance and advice relating to this book. Particularly, they would like to express their sincere gratitude to Dr. Ahmed Ayadi, Dr. Abdallah Bouabidi, and Prof. Mohamed Salah Abid for their continuous help and support.




    

      CONSENT FOR PUBLICATION




      Not applicable.


    




    

      CONFLICT OF INTEREST




      The author(s) confirm that this chapter contents have no conflict of interest.




      

        


        


        Haythem Nasraoui, Moubarek Bsisa & Zied Driss


        Laboratory of Electromechanical Systems (LASEM)


        National School of Engineers of Sfax (ENIS)


        University of Sfax (US),


        B.P. 1173, Road Soukra km 3.5, 3038, Sfax


        Tunisia

      


    


  




  




  

    Nomenclature




    


    


    


    


    


  




  




  

    

      Glossary



      

        

          	



          	

        




        

          	g



          	Gravitational acceleration (m.s2)

        




        

          	H



          	Chimney height (m)

        




        

          	d



          	Chimney diameter (m)

        




        

          	D



          	Collector diameter (m)

        




        

          	h



          	Collector diameter (m)

        




        

          	θ



          	Collector slope (°)

        




        

          	r, z



          	Cylindrical coordinates

        




        

          	V



          	Velocity (m.s-1)

        




        

          	Vc



          	Air velocity at collector chimney inlet (m.s-1)

        




        

          	p



          	Static pressure (Pa)

        




        

          	pd



          	Dynamic pressure (Pa)

        




        

          	pi



          	Pressure inlet (Pa)

        




        

          	po



          	Pressure outlet (Pa)

        




        

          	h



          	overall heat transfer coefficient (W.m-2.K-1)

        




        

          	T



          	Temperature (K)

        




        

          	T0



          	Ambient temperature (K)

        




        

          	ΔT



          	Air temperature between the collector inflow and outflow (K)

        




        

          	Ach



          	Chimney cross-section area (m2)

        




        

          	Ac



          	Collector area (m2)

        




        

          	Cp



          	Specific heat capacity of the air (J.kg-1)

        




        

          	m ̇



          	Mass flow of air (kg.s-1)

        




        

          	ρ



          	Density of the air (Kg.m-3)

        




        

          	ρc



          	Specific density of air at the chimney inlet (kg.m-3)

        




        

          	Qs



          	Total energy input in the collector (W)

        




        

          	Q



          	Energy produced by the collector (W)

        




        

          	ηc



          	Collector efficiency

        




        

          	ηch



          	Chimney efficiency

        




        

          	ηt



          	Turbine efficiency

        




        

          	ηg



          	Generator efficiency

        




        

          	ηtg



          	Efficiency of the turbine generator

        




        

          	η



          	Overall efficiency of the solar chimney

        




        

          	G



          	Global radiation (W.m-2)

        




        

          	α



          	Absorptivity of the collector roof

        




        

          	τ



          	Transmissivity of the collector roof

        




        

          	ΔTa



          	The average difference of temperature under the collector and the ambiant (K)

        




        

          	U



          	Voltage (V)

        




        

          	I



          	Current (A)

        




        

          	Pe



          	Electrical power (W)

        




        

          	k



          	Turbulent kinetic energy (m2.s-2)

        




        

          	ε



          	Dissipation rate of turbulent kinetic energy (m2.s-3)

        




        

          	µt



          	Turbulent viscosity (Pa.s-1)

        




        

          	µ



          	Dynamic viscosity (m2.s-1)

        




        

          	Cµ



          	Function of mean flow and turbulence properties

        




        

          	Ω ̃ij



          	The mean rate-of-rotation tensor viewed in a rotation reference frame

        




        

          	τij



          	Molecular stress tensor for Newtonian fluids

        




        

          	Γϕ



          	Diffusion coefficient for the scalar quantity ϕ

        




        

          	Sϕ



          	Source term for the ϕ equation
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    Nowadays several energy sources are utilized on a large scale around the world such as oil, gas, and nuclear. Since the oil crisis, depletion of fossil fuel reserves, global warming, and other environmental concerns and continuing fuel price rise. For these reasons, the existing sources of conventional energy may not be adequate to meet the ever-increasing energy demands. Moreover, the demands for energy will tend to grow and it draws attention to the need to save energy, including through the use of soft power. Consequently, Engineering was responsible for finding new and different energy sources to fossil fuels to move them from the production of industrial energy and one day replace. The features that are mainly looking for a source of energy are to produce the least environmental impact possible and less pollution of any kind, which has a potential of energy efficiency and acceptable, that is safe, simple, reliable, cost-effective and cheap, that is renewable energy.




    There are many forms of renewable energy resources that are currently available for integration into the power grid; the top four energy sources are wind, sun, water, and geothermal. For thousands of years, civilizations have been harnessing the Sun's energy, so there are several ways of solar systems. One of these ways for humans to harness the sun's light for energy production is called solar chimney technology, also called solar towers, to avoid confusion with polluting industrial chimneys. In this context, we are interested in developing this technology.




    This book is structured into five major chapters. In the first, a review of past literature was conducted to have a look at the developments made in solar energy and its different systems. Particularly, we have interest in the solar chimney that is the subject of our study.




    The second chapter contains the numerical approach that we used to model the solar chimney. It presents the detailed mathematical model upon which mathematical equations are derived to analyses the design and performance of the solar chimney.




    The third chapter presents the choice of the different numerical models responsible for modeling the airflow in the solar chimney. The validations of the numerical results are done with anterior results. In the fourth chapter, we develop a numerical simulation to design our prototype of solar chimney. Particularly, we focus on the study of the effect of the geometrical parameters of the chimney. The numerical results consist of five main parts. It consist also on the study of the solar chimney structure. The validation of the numerical results is done with our experimental results.




    In the last chapter, we develop an experimental study for testing the performance of our prototype with different climate conditions in our country.




    Finally, we present a general conclusion of this work and the outlook suggested by this study.
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      1. INTRODUCTION




      Renewable energy sources are those that do not rely on stored energy resources. Various forms of renewable energy are currently used for the generation of electricity. As with most industries, the relative cost of a product becomes less expensive as technologies improve and product knowledge increases, with the renewable energy industry being no exception. Using renewable resources, such as the sun, would provide almost unconditional access to energy without depleting the world’s natural resources. In this chapter, we are interested in the study of solar energy and its different technologies, particularly to the solar chimney system.


    




    

      



      2. SOLAR ENERGY




      The sun is the most plentiful energy source for the earth. It is an average star, is a fusion reactor that has been burning over 4 billion years (Askari et al., 2015). The sun emits as much energy to the earth as it is used by the entire population of the planet. In light of the increasing scarcity of fossil fuels, the future of energy supply lies with renewable energy sources and a modern approach to using them. Solar radiation is a free energy source, abundant and renewable. Clean and inexhaustible solar energy helps protect the environment and preserve energy resources, without producing waste or emissions. A global change in energy sources is coming, especially about achieving a healthy balance between economic growth and ecological responsibility for us all, and planet Earth. The future lies in renewable energy sources and modern methods of obtaining them. Innovative and user-friendly solutions are needed to ensure our quality of life (Fig. 1.1).




      The IEA Solar PACES programmer, the European Solar Thermal Electricity Association and Greenpeace estimated global CSP capacity by 2050 at 1 500 GW, with a yearly output of 7 800 TWh, or 21% of the estimated electricity consumption in ETP2010 BLUE Hi-Ren Scenario. In regions with favorable solar resource, the proportion would be much larger. For example, the German




      Aerospace Center (DLR), in a detailed study of the renewable energy potential of the MENA (the Middle East and North Africa region) region plus South European countries, estimated that concentrator solar power plants could provide half the electricity consumption around the Mediterranean Sea by 2050 (Fig. 1.1). We, based on a study by Price Water House Coopers, Europe, and North Africa together could, by 2050 produce all their electricity from renewables if their respective grids are sufficiently interconnected. While North Africa would consume one-quarter of the total, it would produce 40% of it, mostly from onshore wind and solar power (DLR, 2005).
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Fig. (1.1))


      Electricity generation from 2000 to 2050 in 2050 in all MENA region and South-European countries (DLR, 2005).



      

        



        2.1. Solar Spectrum




        The major part of the electromagnetic radiations emitted by the sun is not visible with the naked eye. Fig. (1.2) presents a spectrum of the electromagnetic radiations emitted by the sun by including the visible light waves. The naked eye perceives only the rays of which the wavelength lies between 400 and 700 nanometers, which correspond to the cosmic rays. Radiations lower wavelength are called waves decametric, or more usually ultraviolet, and radiations higher wavelength are called infra-red raises. These are the latter, which are responsible for the greenhouse effect that we will be defining later.
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Fig. (1.2))


        Solar spectrum.

      




      

        



        2.2. Irradiation Areas




        Geography plays an important role in determining what forms of renewable energy will be the most useful. Solar energy is the primary source of electricity for the third world African countries. These countries use solar energy in isolated regions and cities to harness the sun's energy (Austin et al., 2007). Solar systems are suitable to be applied in arid and semi-arid areas and are an advanced way to generate electricity from solar radiation, average height radiation. Average Horizontal irradiation is another term for the total radiation: the sum of the direct normal irradiance and diffuse horizontal irradiance. Fig. (1.3) illustrates the levels of total radiation in Tunisia and the world receives annually. We show that the average solar horizontal irradiation in Tunisia is higher than in most other countries in the world. For this reason, the solar systems represented an important source of energy in our country; thus the company Tunoor would export solar capacities from Tunisia to Europe when it makes a solar power station in the south Tunisia desert.
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Fig. (1.3))


        Map of an average annual sum of global horizontal irradiation in the world and Tunisia (Solar GIS).

      




      

        



        2.3. Advantages and Disadvantages of Solar Energy




        Solar energy is an excellent source of alternative energy because there is no generated pollution while it is used. Moreover, the offer of solar energy to use is unlimited, that means that our dependence with fossil fuels can be reduced. In addition, their costs have not been related to the use of solar energy only but the manufacturing cost of the components, the purchase and the installation of the material are also included. After the initial investment, there are no additional costs associated with its use. In addition, solar installations are flexible. Thus, it is rather easy to increase or to decrease the size of the installation. For example, a solar electric system installed in a room could potentially eliminate 18 tons of polluting gas emission for the purpose of greenhouse in the environment each year. A solar installation can be established anywhere as soon as there is sufficient sun exposure. It is thus a real advantage for the very isolated places, which have access to electricity. Moreover, the use of this energy is a quiet process. No Sound and the harmful effect. One of the major disadvantages is to produce a great quantity of energy that requires a significant installation and sufficient space to install the photovoltaic panels or concentrators. It is thus a considerable constraint for the industrial facilities. Moreover, it is expensive and requires a constant and very intense sunning for the regular commercial practice. Otherwise, much from places in the world do not profit from sufficient sunning to ensure the profitability of the installation.


      


    




    

      



      3. DIFFERENT TYPES OF SOLAR SYSTEMS




      The following section lists some of the various types of solar energy sources currently in use.




      Today, there are three families of processes for generating electricity using solar energy: either using photovoltaic systems to converting solar energy directly into electrical energy or using thermal systems to converting solar energy into heat and thereafter, converting the heat into electrical energy by thermodynamic systems (Fig. 1.4).
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Fig. (1.4))


      Different types of solar systems.



      

        



        3.1. System Photovoltaic




        The “photovoltaic” term indicated the physical phenomenon overdraft by Alexander Edmond Becquerel in 1839, or the associated technique. The goal of this technique is to convert the energy of the Sun directly into electricity within solar panels. Solar panels produce electricity through individual photovoltaic cells connected in series. This form of energy collection is viable in regions of the world where the sun is plentiful and can be used on houses to supplement the rising cost of electricity from a power grid. To convert the sun's energy, the cells capture photons to create free electrons that flow across the cells to produce usable current (Penick et al., 2007). The efficiency of the panel is determined by the semiconductor material that the cells are made from as well as the process used to construct the cells. Solar panels come in three types: amorphous, monocrystalline, and polycrystalline (Ventre et al., 2000). The more efficient the material the panel is constructed from, the greater the cost. To maximize results, many features can be used to control the output of the photovoltaic panels. The power needs to determine what components are used to produce the desired voltage and current for the project such as converters, solar trackers, and the size of the panel. Converters transform the variable output from solar panels to constant voltages to maximize the continuous supply of usable power for either present needs or stored for future use. The output power of the panel is affected by many variables that continually change throughout the day. Since solar energy is only produced during the day, it requires an energy storage application by either a battery or connecting to the power grid to provide power during the night (Fig. 1.5).
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Fig. (1.5))


        Solar photovoltaic system.

      




      

        



        3.2. Thermal System




        Thermal solar energy consists of using the heat of the solar radiation is of direct use of heat: solar water-heaters and heating, solar cookers and steam driers are of indirect use, heat being useful for another use: solar cooling, desalination, etc. It is used mainly for the heating of water or the buildings. One uses for that of the thermal sensors. There are several categories, but the principle is the same one: the thermal sensor absorbs the solar photons and transforms them into heat. This one is transmitted to a liquid or a gas, which transports it (the gas is then known as “coolant”) towards a storage tank of heat (Fig. 1.6).
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Fig. (1.6))


        Solar Hot Water Heating System.

      




      

        



        3.3. Thermodynamic System




        The solar power stations thermodynamics contain the whole of the techniques, which makes it possible to transform the energy radiated by the sun into heat at high temperature, then to convert this heat into electric power. According to the model of concentration of the solar radiation, there are of configuration different for the thermodynamic solar power stations whose applications are varied: production of electricity, production of vapor for industrial processes or solar supplement for the installations using of the fuels biomasses or fossils.




        A thermodynamic system contains five types that can be either a concentration system or a non-concentration system:





        

          	Power stations with parabolic trough collectors (concentration system),




          	Linear Fresnel (concentration system),




          	Central tower power plants (concentration system),




          	Dish Systems (concentration system),




          	Solar chimney power plant (non-concentration system),


        




        

          



          3.3.1. Parabolic Trough Systems




          The parabolic trough power station with a collector is composed of parallel alignments of long hemicylindrical mirrors, which turn around a horizontal axis to follow the race of the sun (Fig. 1.7). The solar rays are concentrated on a horizontal tube, where a coolant circulates whose temperature in general reaches 400 °C. This energy is transferred to a circuit from water, the vapor then produced actuates a turbine which produces electricity.
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Fig. (1.7))


          Parabolic trough systems.
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