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PREFACE

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-¢ 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.
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Nomenclature

Gravitational acceleration (m.s?)
Chimney height (m)

Chimney diameter (m)
Collector diameter (m)
Collector diameter (m)
Collector slope (°)

Cylindrical coordinates
Velocity (m.s™)

Air velocity at collector chimney inlet (m.s™)
Static pressure (Pa)

Dynamic pressure (Pa)

Pressure inlet (Pa)

Pressure outlet (Pa)

overall heat transfer coefficient (W.m2K™")

T Temperature (K)

Ambient temperature (K)

Air temperature between the collector inflow and outflow (K)
Chimney cross-section area (m?)

Collector area (m?)

Specific heat capacity of the air (J.kg")

* Mass flow of air (kg.s™)

Density of the air (Kg.m™)

Specific density of air at the chimney inlet (kg.m?)
Total energy input in the collector (W)

Energy produced by the collector (W)

Collector efficiency

Chimney efficiency

Turbine efficiency

Generator efficiency

Efficiency of the turbine generator

Overall efficiency of the solar chimney

Global radiation (W.m?)
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Absorptivity of the collector roof

Transmissivity of the collector roof

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

Current (A)

Electrical power (W)

k Turbulent kinetic energy (m”.s?)

Dissipation rate of turbulent kinetic energy (m2.s™)

Turbulent viscosity (Pa.s™)

Dynamic viscosity (m*.s™)

Function of mean flow and turbulence properties

The mean rate-of-rotation tensor viewed in a rotation reference frame
Molecular stress tensor for Newtonian fluids

Diffusion coefficient for the scalar quantity ¢

Source term for the ¢ equation



Introduction

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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CHAPTER 1

Bibliographic Study

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 ef 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

Haythem Nasraoui, Moubarek Bsisa & Zied Driss
All rights reserved-© 2020 Bentham Science Publishers
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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).

B Wind
E 4000 B Photovoltaics
E i B Geothermal
= 3000 - Biomass
g - CSP Plants
-%' 2000 - Wave / Tidal
a - Hydropower
£ 1000 0il / Gas
= L M Coal
ﬁ 0 Y T B B Nuclear

2000 2010 2020 2030 2040 2050

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 ef 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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CHAPTER 2

Numerical Approach
1. INTRODUCTION

Modeling is mainly the basis of engineering and it is a suitable simplification of
reality. The displaying expertise is to detect the fitting degree of disentanglement,
recognize significant highlights from those that are insignificant in a specific
application, and use designing judgment. This chapter presents a complete model
specification of the solar chimney power plant on which all simulations and
results are based and devoted to the presentation of the physical and numerical
models by using in the CFD code ANSYS Fluent 17.0. The following will discuss
the equations and models incorporated by ANSYS Fluent to model a solar
chimney power plant. The governing equations will be presented, which describe
the coupling of temperature fields, velocity, and pressure from the conservation
equations. Then, the discretization methods and meshing used will be examined.
Finally, the models for turbulence and radiation will be explored.

2. MATHEMATICAL FORMULATION

2.1. Governing Conservation Equations

The equations governing the flow of air in a solar chimney are the Navier Stokes
equations. ANSYS Fluent 17.0 employs the fundamental three-dimensional fluid
mechanic equations for conservation of mass (The continuity equation),
momentum, and energy to calculate fluid properties.

The continuity equation expresses the law of conservation of mass for given
volume control:

4% o7 =0
it .(pV) = -1

Where:

= (505) @)
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divv=V.v (2-3)
t presents the time, p is the density, and V is the velocity vector.

0
a—Xi(Pui) =0 (2-4)

The momentum equations are written as follows:

dpv —_ —> — — = —
T (pV.V).V=-Vp+V.T+p.g (2-5)

Where p is the static pressure.

The stress tensor T is expressed as:

T=2uD—9(V.V).1 (2-6)
Where:
D=-@7+7.7)
_E( : V) 2-7)
Thus,
_ e = — 2 e
T=w(V.V+VLV)— 3 (V.V).1 (2-8)

Where 1 the identity matrix and p is the dynamic viscosity.

The final term in the momentum equation represents the buoyancy force.

i( u-u-)——a—p+arij+ i 2-9
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Basing on the first principle of thermodynamics, we can express the conservation
equation of energy. This principle connects the various forms of energy, that is to
say:

d E — — - > > — —_ — — —
% +V(PEV)=V.(T.V) + pf.V-V.q—-V.pV+r (2-10)
Where:

E is the total of the potential, kinetic, and internal energy in the system.

The internal energy, 4, is the enthalpy of the fluid and is expressed as:
h=[C,dT (2-11)

Where:
C,: is the constant pressure specific heat

r: is an additional energy source term.

a(c T)_O k0T+ aui+T ap
an P puj _aX] aX] Tij aX] B uj aX] (2-12)

2.2. Simplifying Assumptions

To build precisely our models, it is necessary to take account of simplifying
assumptions. For that, we consider that the fluid is Newtonian and incompressible
flow. Thus, the stress tensor is proportional to the symmetrical part of the tensor
of the rates of deformation. The stress tensor can be reduced to:

il

V) (2-13)

All

= n(

Total conductivity is constant, i.e. the heat flow is proportional to the gradient of
the temperature:

q=—AVT (2-14)
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CHAPTER 3

Numerical Models Choice and Validation with
Anterior Results

1. INTRODUCTION

This chapter reviews the methodology used to model a solar chimney using
ANSYS Fluent 17.0 and the validation study to confirm the different models
suitable to simulate the airflow through a solar chimney system. A 2D numerical
simulation is carried out to analyze and compare the performance of different
numerical models and inner details of the solar chimney by taking Kasaeian et al.
(2014) as a case validation. We use geometric parameters and metrological data
similar to Kasaeian et al. (2014). To validate our numerical results with his
experimental results. The main objective of this chapter is to choose the numerical
parameters using the CFD code to investigate the airflow in the solar chimney.

2. DESCRIPTION OF THE PROBLEM

A solar chimney on a small scale was constructed at the University of Tehran,
Iran. Tehran city has a geographical length and width of 51.4° and 35.7°,
respectively. The geometry based on designed dimensions similar to Kasaeian et
al. (2014) is mentioned in Fig. (3.1). For the pilot plant, the height and diameter
of the chimney are 2 m and 20 cm, respectively. The diameter and angle of the
collector are 3 m and zero degrees, respectively. In this application, a
polycarbonate (PC) pipe has been used with a thickness of 4 mm for the chimney
and the glass for the collector. The absorber consisted of 17 pieces of steel with a
thickness of 2 mm and 8 mm chipboard wood which were attached together. In
the numerical parameters, we will apply only the steel material because it is the
material responsible for the heat flux transfer with air. Table 3.1 shows the
characteristics of different materials using in this solar chimney. The experimental
data of temperature distribution of Kasaeian et al. (2014) were recorded on June
19" 20" and 21™, 2013 with the same climatic conditions. The ambient
temperature was 306 K and the weather conditions were sunny corresponding to
global solar radiation equal to 800W.m?, with no wind at the same hour
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(1:30 pm). The conditions of the numerical analysis, including ambient
temperature, solar radiation, and air pressure are almost similar to the

experimental conditions.

Absorber

Fig. (3.1). Solar chimney prototype of Kasaeian et al. (2014).

Table 3.1. Characteristics of materials.

Chimney

Collector

Material | Density | Specific Heat| Thermal Conductivity Absorption Refractive Index n
J.kg'.K") (W.m' K" Coefficient
(kg.m™) (m™)
Glass 2700 840 0.77 0.87 1.52
Steel 8030 502.48 16.27 1 0
PC 1200 1200 0.2 0.6 1.59
Air 1.22 1006.43 0.024 0 1
3. NUMERICAL MODEL

3.1. Boundary Conditions

A general interpretation was given based on numerical simulation of the solar
chimney. A physical model was simulated using ANSYS Fluent 17.0, based on


https://www.google.tn/search?q=Absorption coefficient&spell=1&sa=X&ved=0ahUKEwjd65ahxMLMAhVJtxoKHaseDEQQvwUIFygA
https://www.google.tn/search?q=Absorption coefficient&spell=1&sa=X&ved=0ahUKEwjd65ahxMLMAhVJtxoKHaseDEQQvwUIFygA
https://www.google.tn/search?q=Absorption coefficient&spell=1&sa=X&ved=0ahUKEwjd65ahxMLMAhVJtxoKHaseDEQQvwUIFygA
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the geometrical dimensions of the solar chimney. The governing equations were
solved, assuming symmetric and steady-state conditions. Also, the turbulent
model was applied to describe turbulent flow conditions. Furthermore, wall
boundary was applied for the chimney with a heat flux of value equal zero to
obtain the adiabatic wall and axis boundary was utilized for the axis of the
chimney. Wall boundary was used for the absorber and collector and convective
heat transfer option was applied for different parts of the device such as collector
and absorber. An inlet pressure boundary condition type was specified at the
collector inlet. At the chimney exit, a pressure outlet boundary condition was
selected. Furthermore, the pressure inlet is equal to p,=0 Pa and the pressure outlet
is equal to p,=0 Pa. The boundary conditions are illustrated in Fig. (3.2).

Pressure outlet

e

Chimney: Wall heat flux

N

Pressure inlet Collector: Wall convection

Absorber: Wall convection /

Fig. (3.2). Boundary conditions.

3.2. CFD Parameters

Several parameters govern solar performance and accuracy. The default values are
usually good enough to ensure a robust path to a converged simulation. However,
occasionally it may be necessary to modify these parameters to achieve better
convergence for steady-state simulations via relaxation factors and higher
accuracy via differencing schemes. Typically, these parameters are the domain of
advanced users. Besides, we take so many iterations to have a good value of
residuals (6000 iterations). The convergence criteria are 10~ for all residuals, and
configuration does not have problems with the convergence. The used diagram is
the scheme “upwind”. This scheme takes into account the direction of the flow to
determine the size convective on the faces of volumes of controls. The scheme
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CHAPTER 4

Design of Prototype

1. INTRODUCTION

Numerous studies about the use of solar chimney for air conditioning, drying, and
electrical power production were performed. The present study considered first
the heat transfer process and the fluid dynamics in the collector and the chimney
tower and extended later by a parametric study on the effects of the geometrical
parameters. A validated CFD code was adopted to the solar chimney shape to
resolve the governing equations (continuity, momentum, and energy equations).
The investigation displays a necessity for a more detailed analysis of such
systems, which is essential for an ample definition of the design rules. The
available literature is scarce on this type of analysis, as research mostly
concentrates on the evaluation of the global performance of such systems. For the
design of real systems, more detailed studies of the geometrical and operational
aspects are needed, involving meteorological conditions and geometric
performances. This work is based on understanding the mechanisms of flow and
transfer of natural convection in two-dimensional configurations using the CFD
software ANSYS Fluent to find the optimal design that allows adequate thermal
control and maximum energy performance. Besides, we have studied numerically
the effect of the geometrical parameters, such as the chimney diameter, the
chimney height, the collector diameter, the collector slope angle, and the collector
height, thus to obtain the optimal parameters.

2. SOLAR CHIMNEY SYSTEM

The solar chimney prototype is composed of three main parts, the chimney, the
collector, and the absorber (Fig. 4.1). The chimney is a PVC pipe, its height and
diameter are H and d respectively with a thickness of 3 mm, the absorber is a
wooden platform of diameter D with an 8 mm thickness painter with a black
layer. The wooden platform was chosen because it is a good thermal insulator and
causes to improve the performance of the system. We choose polyethylene low
density such a collector roof with a thickness of 1 mm, h indicates the inlet height,
and 0 indicates the collector slope angle. Different proprieties of our materiel are
given in Table 4.1. The geometrical arrangements are illustrated in Fig. (4.2).
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3
Rep. Designation
1 Chimney
Collector roof
3 Absorber
Fig. (4.1). 3D model of the prototype.
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Fig. (4.2). Two-dimensional axisymmetric model of prototype.
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Table 4.1. Characteristics of materials.
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Material Density Specific Heat Thermal Absorption
p (kg.m?) Cp (J.kg' k") Conductivity Coefficient
K (W.m".k") a (m™)
Fluid Air 1.122 1006.43 0.0242 0
Solid Wood 700 2310 0.024 0.8
PVC 1380 1046 0.2 0.6
Polyethylene 920 2100 0.33 0.4

3. NUMERICAL PARAMETERS

3.1. Meshing

Meshing is one of the most important aspects of any CFD simulation. According
to the study of the meshing effect in the last chapter, we use in this chapter, the
mesh presenting 356 000 cells. The schematic of the meshing is shown in Fig.
(4.3).

Fig. (4.3). Meshing.

3.2. Boundary Conditions and Numerical Parameters

In this chapter, a general description was given based on the different models that
we fixed in chapter 2. A physical model was simulated using ANSYS Fluent 17.0,
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CHAPTER §

Experimental Study

1. INTRODUCTION

There are many configuration sizes of the small-scale solar chimney in the world,
because of various meteorological and geographic conditions. The main objective
of their works is to test the heat transfer performance of the collector and the
power output. However, our work is based on the numerical study and numerical
optimization of geometric parameters to testing the performance of the prototype
with meteorological data. In the first part, we are interested in the experimental
characterization of a solar chimney with specific instrumentation. In particular,
we present a detailed description of the realization and the various manipulations
made to the study. A discussion of results is then presented at the end of this
chapter.

2. PROTOTYPE PRESENTATION

The prototype consists of a solar chimney of a small scale that we have conducted
to highlight the physical phenomena studied on the numerical system, including
the natural convection phenomena. After we respected the dimensions that we
choose in the precedent chapter, we have created a design that is simple, effective,
and rigid to construct our prototype of the solar chimney by using simple and
available tools. Fig. (5.1) shows a schematic view of the experimental solar
chimney for power generation situated on the experimental site. It consists of five
major components, such as:

- Collector (matrix with roof)
- Chimney

- Support of chimney

- Turbine generator

- Absorber
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The dimensions of our prototype are represented in Fig. (5.2), consisting of a
collector with a diameter equal to D=2.75 m and a height equal to h=5 cm. The
chimney has H=3 m in tall and d=16 cm in diameter. The slope angle of the
collector is equal to g=0°. Besides, the stage of the realization of our prototype is
given by appendix 2.

Top view

Fig. (5.1). Our prototype.

i D i
Fig. (5.2). Schematic of our prototype.
Rep. Designation
1. Absorber

2. Collector Roof
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Table 5.2) cont.....

Rep. Designation
3. Chimney Support
4. Chimney
5. Turbine Generator
2.1. Collector

The collector must ensure good insulation of the front face of the sensor exposed
to the solar radiation. For that, it must let pass the maximum of the energy of the
exterior towards the absorber while being opposed to heat exchange reverse
whatever their nature. In the same way, it must be transparent with the solar
radiation but opaque with the infrared radiation. The second significant parameter
by carrying out this chimney is the distance between the collector and the shock
absorber. The larger this distance, the more the convective exchange is
significant. For this, we must reduce the thickness as much as possible to reduce
to the minimum the loss of heat outside. The most usual material is glass
considering the factor of transmissivity for radiation solar is 0.85 without using it
as cover, considering which it is very fragile. We replace glass by other materials
that transmit less radiations but is easy with cutting and deformation as an
adhesive film (tarpaulin) shown in Fig. (5.3). The thickness of the tarpaulin is
another important parameter because if the thickness is significant than the
transmissivity is low. For this reason, we have used a polyethylene with low
density.

2.2. Chimney and Support

We take a PVC pipe for the chimney. It has H=3 m in tall, d=16 c¢m in internal
diameter and 3 mm in thickness. We choose PVC because of its strength,
maneuverability on change, good thermal resistivity, lightweight, resistivity to
climatic factors (rain, wind, sun), and availability. The pipe is fixed on a support.
This support should be a cylindrical boring with 16.5 cm in internal diameter,
where it supported the PVC pipe of 16.3 cm in external diameter. Because we do
not have a cylindrical shape with 16.5 cm in diameter in our workshop, we will
use and weld a steel dish to obtain a cylindrical shape. To fix this cylindrical
boring on the wooden platform, we weld three square on the external surface of
the cylinder. We choose three square only because of decrease friction with air
and increase the area in which the air enter the PVC pipe. The distance between
the wooden platform and the inlet cylinder is 15.3 cm because we will have
moved the pipe to change the slope of the collector. Fig. (5.4) shows the system
chimney and support.
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CONCLUSION AND RECOMMENDATIONS

Solar chimney is an interesting alternative to centralized electricity generation
power plants. It is very important for the future because our resources are limited,
except sun and the study of this technology has a topicality in the energetic fields.
In these objectives, we are interested in this book on the numerical and
experimental study of a solar chimney.

At first, a detailed literature survey of this system was performed. Particularly, we
have developed the computational fluid dynamics (CFD) simulation that used to
model the airflow through a solar chimney. Mathematical derivations were
provided to predict the theoretical equations used in CFD software to model the
solar chimney.

In this part, we have concluded that the best or realistic models used to model the
airflow through a solar chimney are the realizable k-¢ turbulence model, and the
DO radiation model and convection heat flux transfer model were employed in
ANSYS Fluent. This model has been validated with anterior experimental results
due to the acceptable coherence between its numerical results and experimental
results. This study shows that CFD is a useful tool for investigating the
possibilities of a proposed device before prototype and testing. It is helpful in the
development of solar chimney retrofit for existing buildings.

In the second part, alternate geometric configurations of solar chimneys were
studied numerically to expand the study of optimizing the design of the solar
chimney. Simulations were performed using the commercial CFD software
ANSYS fluent. The goal of this part 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 solar chimney. This study shows that the
increase in the height, in the 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.

An experimental study is 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. It is found that
the temperature gap in the collector is approximately equal to 20 °C when the
solar radiation is great at noon. It is therefore concluded that the solar chimney
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stands to achieve good performance in areas that exhibit the highest monthly
average daily solar radiation. Indeed, we have concluded that our country,
particularly the region of Sfax, presents a good area for installing the solar
chimney power plant, where the technology and the material to build such plants
are available.

Based on the conclusions, the following suggestions and recommendations might
be found useful in future work:

- Increasing the height of the collector and the diameter of the chimney to improve the
power output and efficiency.

- Installing a storage heat system, it has been suggested that by placing extra thermal
mass under the collector in the form of black containers with water, the plant could
generate power at night.

- Studying the effect of different materials on absorber and the collector to determine the
best material that give the most performance.



190 Recent Advances in Renewable Energy, 2020, Vol. 4,190-191

References

Askari Mohammad, B, Mirzaei, MAV & Mohsen, M (2015) Types of Solar Cells and Application. American
Journal of Optics and Photonics, 3, 94-113.

Austin, C, Borja, R & Phillips, J (2007) Operation Solar Eagle: A Study Examining Photovoltaic (PV) Solar
Power as an Alternative for the Rebuilding of the Iraqi Electrical Power Generation Infrastructure, Naval
Postgraduate School. June 2005 Last Retrieved March 30.

Calder, R (1970) Leonardo & the age of the eye William Heinemann Ltd., London 106.

Chikere, AO, Al-Kayiem, HH & Abdul Karim, ZA (2011) Review on the Enhancement Techniques and
Introduction of an Alternate Enhancement Technique of Solar Chimney Power Plant. J Appl Sci
(Faisalabad), 11, 1877-84.

[http://dx.doi.org/10.3923/jas.2011.1877.1884]

Dhahri, A (2013) A Review of solar Chimney Power Generation Technology. Infernational
Journal of Engineering and Advanced Technology (IJEAT), 2, 1-17.

DLR (Deutsches Zentrum fiir Luft- und Raumfahrt - German Aeroposace Center) (2005) Concentrating Solar
Power for the Mediterranean Region, MED-CSP, Final Report, DLR, Institute of Technical Thermodynamics,
Stuttgart, Germany.

Haaf, W (1984) Solar chimneys, Part II: preliminary test results from the Manzanares pilot plant. Int J Solar
Energy, 2, 141-61.
[http://dx.doi.org/10.1080/01425918408909921]

Hassanien, RHE, Li, M & Lin, WD (2016) Advanced applications of solar energy in agricultural
greenhouses. Renew Sustain Energy Rev, 54, 989-1001.
[http://dx.doi.org/10.1016/j.rser.2015.10.095]

Alibakhsh, K, Mehran, G & Mehrdad, G (2014) Simulation and optimization of geometric parameters of a
solar chimney in Tehran. Energy Conversion and Management, 83, 28-34.

Kaltschmitt, M, Streicher, W, Wiese, A (Eds.) (2007) Renewable energy: Technology economics and
environment. Springer-Verlag Berlin Heidelberg.

Kreetz, H (1997) Theoretische Untersuchungen und Auslegung eines tempordren Wasserspeichers fiir das
Aufwindkrafiwerk, diploma thesis, Technical University Berlin, 1997.

Ketlogetswe, C, Fiszdon, JK & Seabe, OO (2008) Solar chimney power generation project the case for
Botswana. Renewable and Sustainable Energy Reviews, 12(7), 2005-12.
[http://dx.doi.org/10.1016/j.rser.2007.03.009]

Koonsrisuk, A & Chitsomboon, T (2013) Effects of flow area changes on the potential of solar chimney
power plants. Energy, 51, 400-6.
[http://dx.doi.org/10.1016/j.energy.2012.12.051]

Krisst, RIK (1983) Energy transfer system. Alternative Sources of Energy, 63, 8-11.

Kulunk, H (1985) A prototype solar convection chimney operated under Izmit conditions. In: Veiroglu, TN,
(Ed.), Proceedings of the 7th Miami international conference on alternative energy sources, 162.

Messenger, R & Ventre, J (2000) Photovoltaic Systems Engineering. CRC Press, New York 63-4.
Pretorius, J (2004) Solar Tower Power Plant Performance. Thesis, University of Stellenbosch.

Pastohr, HK (2003) Numerical and analytical calculations of the temperature and flow field in the upwind


http://dx.doi.org/10.3923/jas.2011.1877.1884
http://dx.doi.org/10.1080/01425918408909921
http://dx.doi.org/10.1016/j.rser.2015.10.095
http://dx.doi.org/10.1016/j.rser.2007.03.009
http://dx.doi.org/10.1016/j.energy.2012.12.051
http://dx.doi.org/10.1002/er.978

Recent Advances in Renewable Energy, Vol. 4 Nasraoui et al. 191

power plant. International Journal of Energy Research, 28, 495-510.
[http://dx.doi.org/10.1002/er.978]

Papageorgiou, C (2006) Floating Solar Chimney Technology. Solar Energy.
[http://dx.doi.org/10.5772/8069]

Penick, T & Louk, B (2007) Photovoltaic Power Generation, TEI Controls. December 1998 Last Retrieved
March 30.

Schlaich, J (1995) The Solar Chimney: Electricity from the Sun.Edition Axel Menges, Stuttgart, Germany.

Sherif, SA, Pasumarthi, N, Harker, RA & Brinen, GH (1995) Performance of a demonstration solar chimney
model for power generation. Final Technical Report No UFME/SEECL-9507, Solar Energy and Energy
Conversion Laboratory, Department of Mechanical Engineering, University of Florida, Gainesville, Florida.

Zhou, XP, Wang, F & Fan, J (2010) Performance of solar chimney power plant in Qinghai—Tibet Plateau.
Renewable and Sustainable Energy Reviews, 14, 2249-55.
[http://dx.doi.org/10.1016/j.rser.2010.04.017]

Zhou, XP & Yang, JK (2008) Temperature field of solar collector and application potential of solar chimney
power systems in China. Journal of the Energy Institute, 81(1), 25-30.
[http://dx.doi.org/10.1179/174602208X269364]


http://dx.doi.org/10.1016/j.rser.2010.04.017
http://dx.doi.org/10.1179/174602208X269364

192 Recent Advances in Renewable Energy, 2020, Vol. 4, 192-198

SUBJECT INDEX

A

Absorber 11, 31, 32, 57,58, 59, 74, 77, 78, 79,
80, 81, 95, 98, 104, 166
bed 31
interface 11
Absorption coefficient 21, 55, 104
effective 21
spectral 55
Air 12, 14, 15, 17, 18, 20, 21, 22, 30, 31, 39,
58, 67, 69, 79, 93, 104, 133, 164, 166,
173, 187
ambient 14
cold 39
collector 31
energy 166
friction 93
heating 14, 173
movement 69
pressure 58
Air heat 74, 122
transfer 122
ANSYS 34, 39, 40, 53, 55, 57, 58, 74, 97, 188
design modeler 40
fluent 34, 39, 55, 57, 58, 74, 97, 188
meshing 40
Application 6, 7, 11, 16, 34, 40, 42, 57, 167
energy storage 6
Archimedes floatability phenomenon 173
Atmosphere 13, 22, 25
surrounding 22
Atmospheric pressure 98, 106, 116, 126, 136,
145, 146, 152
static 98
value 116, 136, 145

B

Bernoulli’s theorem 152
Bizarre contraption 25
Black body 55

intensity 55

Botswana’s ministry of science and
technology 31
Boundary conditions 42, 56, 58, 59, 74, 83,
97,98
and numerical parameters 97
parameters 98
Boundary layer 52, 54, 81
development 52
thermal 81
Boussinesq 33, 37, 45
approximation 23
model 37
relationship 45
Buoyancy 25, 35, 37, 39, 44, 49
force 35, 37
-induced flow 39

C

Calculation 43, 99
iterative 43
Cells 5, 6, 11, 42, 43, 61, 94, 97
elementary mesh 42
photovoltaic 5
CFD 39, 40, 41, 42, 59, 60, 63, 97
parameters 59
setup application 40
simulation 41, 60, 63, 97
solvers 42
strategy 39
CFD code 34, 56, 57, 95
ANSYS fluent 34
validated 95
CFD software 39, 95, 188
ANSYS fluent 95
Chimney 12, 14, 15, 16, 17, 20, 23, 25, 30, 57,
59, 65, 67, 68, 69, 72, 73, 78, 79, 86, 88,
90, 95, 98, 104, 106, 107, 109, 112, 116,
120, 22, 126, 127, 130, 136, 138, 140,
145, 148, 150, 162, 164, 169, 170, 173
axisymmetric solar 98
convergent-top 16
divergent-top 16
diameter effect 130

Haythem Nasraoui, Moubarek Bsisa & Zied Driss
All rights reserved-© 2020 Bentham Science Publishers



Subject Index

efficiency 15, 20, 23
floating solar 30
inflow 23
inlet 72, 73, 86, 107, 109, 120, 122, 126,
127, 138, 140, 148, 150, 169, 173
small-scale solar 162
surface 98
system 12
top 68, 90
tower 95
turbine 20
velocity 170
walls 78, 88, 104
Collector 7, 11, 14, 15, 17, 18, 20, 21, 22, 23,
26, 27, 28, 31,57, 59, 67, 74, 76, 79, 81,
83, 84, 86, 89, 90, 93, 98, 102, 103, 106,
108, 112, 114,121, 122, 124, 129, 132,
133, 139, 144, 157, 164, 169, 170, 173,
175, 178, 179, 180, 181, 184, 188, 189
cools 18
efficiency 20, 21, 22
energy balance 21
glass roof 17
height effect 121
inflow 20, 23
inlet 59, 74, 79, 84, 89, 90, 98, 102, 103,
124,144
input 114, 173
outflow 23
outlet 22, 31, 74, 76, 102, 108, 122, 129,
139, 157, 184
output 93, 114, 144, 178
parabolic trough 7
roof-covered 27
roof, solar 28
structure design 15
velocity 170, 178, 179, 180, 181
wall 81
Collector diameters 95, 99, 101, 103, 104,
105, 106, 107, 108, 109, 110, 159, 161
effect 99
Commercial CFD 39, 188
codes 39
programs 39
software ANSY'S fluent 188
Computational fluid dynamics (CFD) 39, 56,
61, 188
Cone form 152, 156, 157, 158
opposing 152, 156, 157, 158
Configuration 31

Recent Advances in Renewable Energy, Vol. 4 193

collector air temperature 31
collector base 31
Constants 36, 45, 47, 48, 50, 51, 52, 54, 65,
67, 74, 76, 145
heat flux 74
pressure 36
solar radiation 145
Convection 59, 75, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 91, 98, 167, 188
cooling 167
heat flux transfer model 188
heat transfer option 59, 98
radiation 84
radiation heat 75
wall 59

D

Data logging 169
Depression 25, 67, 68, 79, 90, 90, 106, 116,
126, 136, 145, 152
zone 67, 68, 79, 90, 106, 116, 126, 136,
146, 152
Device 11, 25, 39, 59, 98, 152, 167, 171, 188
flow measurement 152
multiple 171
significant 39
thermal 11
Diameter 31, 164
external 164
inner 31
internal 164
Differential equations 39, 42, 49
nonlinear partial 39
Diffuse 3, 11, 54
horizontal irradiance 3
solar irradiation 11
ordinates 54
Discrete 54, 60
ordinates method 60
solid angles 54

E

Efficiency 5, 11, 12, 17, 19, 20, 22, 23, 29, 31,
83, 182, 189
conversion 31
electrical 11
theoretical total 17



194 Recent Advances in Renewable Energy, Vol. 4

Electrical 11, 95
insulation 11
power production 95
Electricity 1, 2, 3,4,5,7, 8,9, 10, 11, 14, 25,
26, 28
consumption 2
generation 1, 2, 25
production 7, 11
Electric power 24, 171
measuring 171
output Pe, theoretical 24
Electric system 4
Electromagnetic radiations 2
Element 41
quadrilateral 41
triangular 41
Emissions 1, 4, 21, 39, 55, 70
black body 55
reduced 39
tons ofpolluting gas 4
Empirical correlation 53, 54
user-defined 53
Energy 1, 3,4,5,7, 8, 11, 14, 16, 17, 34, 36,
42, 44,55, 73,77, 78, 82, 108, 149, 166
electric 17
electrical 5, 11, 166
internal 36, 73, 78, 82, 108, 149
kinetic 17
radiant 55
rotational 16
storage of 17
thermal 73, 82, 108, 149
turbulent 44
Equations turbulence model 44
Export solar capacities 3

F

Finite 42
difference method (FDM) 42
element methods 42
volume method (FVM) 42
Fluid 34, 39, 69, 91, 152, 167
Kinetic energy 69, 91
mechanics 39
pressure 69, 91
properties 34
velocity 152, 167
Fluid dynamics 39, 56, 95, 188
computational 39, 56, 188

Nasraoui et al.

Fluid flow 54, 61, 167
computing 61

G

Geometric 57, 95, 162, 188
parameters 57, 162, 188
performances 95
Glass 13, 14, 19, 27, 31, 57, 58, 164
thick clear 31
transparent 14
Graphical user interface (GUI) 39
Greenhouse 2, 4, 12, 13, 14, 28, 71, 74, 77,
87,104, 175, 176, 181
effect 2, 12, 13, 14, 71, 74, 77, 87, 175,
176, 181
Grid 27, 41, 42
convergence 42

H

Heat 5, 6, 7, 9, 11, 12, 13, 15, 18, 19, 36, 37,
58, 76, 86, 164, 167
dissipation 11
engine 15
exchange reverse 164
flux convection mixed radiation 76, 86
imprison 13
natural 19
solar 18
storage 18
system 19
Heat transfer 11, 12, 17, 38, 39, 74, 83, 94, 95,
124, 160, 162, 167, 182
efficient 11
coefficient 160, 182
performance 162
process 95
rate 124
Heat transfer modes 74, 76, 77, 78, 79, 80, 81,
82, 83, 84, 85, 86, 87, 92, 93, 94
effect 74, 83, 94
High-Reynolds-number 48, 49, 50
form in equation 50
model 48

Industrial cases 5, 7, 39



Subject Index

competitiveness, increasing 39
facilities 5
processes 7
Inlet 74, 76, 83, 86, 95, 98, 101, 103, 106,
116, 146, 152, 164
cylinder 164
height 95
Insolation 31
Installations 4, 5, 7, 10, 152
significant 4
solar 4
Inverse turbulent time scale 52

K

Kinetic energy 12, 14, 22, 52, 152, 185
laminar 52

L

Low-Reynolds-number 48, 49
effects 48

M

Magnitude velocity 65, 67, 69, 76, 85, 86,
101, 102, 103, 111, 112, 122, 129, 132,
133, 142, 144, 152, 156
fields 67
profiles 85, 101
theoretical maximum 101value 103
Manzanares 27, 28
plant 27
prototype 28
system 28
Mass flow 20, 31, 161
rate 31
Maximum power 24, 187
extraction 24
Mesh 40, 41, 42, 55, 56, 60, 61, 97
convergence 61
generation 41
irregular 41
structured 41
three-dimensional 41
unstructured 41, 55
Meshing 34, 41, 60, 61, 97
effect 60, 97
parameters 60

Recent Advances in Renewable Energy, Vol. 4 195

type 41
Momentum equations 35, 37, 43, 98
control volume 43

N

Namibian 28, 29

government 28

solar chimney 29
Navies-Stokes equations 39, 62
Non-concentration system 7
Numerical 41, 56, 57, 93, 97, 162

method 56, 93

optimization 162

parameters 57, 93, 97

precision, lower 41

P

Parabolic 8, 10, 175
allure 175
dishes 10
trough systems 8
Performance 57, 74, 95, 104, 162, 166, 183,
188, 189
global 95
maximum energy 95
Photovoltaic 4, 5, 6, 10, 11, 19
panels 4, 6
systems 5, 11
term 5
Plants 19, 25, 57
high-tech manufacturing 19
pilot 57
solar updraft tower power 25
Power 2, 6, 7, 10, 18, 19, 23, 24, 25, 28, 30,
33,171, 181, 182, 183, 189
calculated 181, 183
electric 7, 25, 171, 181
mechanical 24, 25
nuclear 19
significant installed 10
solar 2
solar chimneys 18, 28
Power 5, 6, 11, 33, 162
generation 11, 33, 162
grid 5, 6
Power plants 2, 12, 188
centralized electricity generation 188



196 Recent Advances in Renewable Energy, Vol. 4

concentrator solar 2
Power stations 7, 8, 16
hydroelectric 16
parabolic trough 8
thermodynamic solar 7
Pressure 10, 12, 15, 22, 23, 24, 34, 39, 59, 67,
69, 78, 90, 98, 126
external 78
inlet 59, 98
loss 22
outlet 59, 98
outlet boundary condition 59
Problems 11, 19, 39, 57, 59, 62, 63, 159
constructive 159
engineering 39
logistical 19
resolving complex fluid flow 39
Profiles 27, 30, 161
numerical 161
solar insolation 30
turbine blade 27
Projects 28, 39, 167
electronic 167
enhanced process 39
largest 28
Prototype 26, 30, 95, 96, 97, 99, 101, 103,
159, 161, 162, 163, 165, 166, 187, 188
pilot 26
plant 30

R

Radiation 2, 14, 20, 54, 55, 70, 71, 75, 77, 78,
79, 83, 87, 88, 99, 164, 171, 172, 175,
179, 182, 184
diffuse 99
direct 99
global 20, 171, 172
infrared 164
long-wave 14
non-gray 55
model theory 54
Radiative transfer equation (RTE) 54, 55
Rayleigh 38, 39
measures 38
number events 39
Rays 2, 8, 9, 13
cosmic 2
solar 8, 9, 13
Renormalization group theory 48

Nasraoui et al.

Reynolds number 38, 49, 53, 54
critical 54
effective 49
momentum-thickness 53
transition onset momentum thickness 53
Reynolds stress, normal 45
Reynolds stresses 45
RNG 48, 49, 50, 51
model 48, 50, 51
theory 48, 49, 50, 51

S

Simulation(s) 34, 39, 57, 58, 59, 60, 61, 63,
74, 83, 99, 159, 188
computer 74
converged 59
numerical 39, 57, 58, 61, 159
parameters 99
software 39
steady-state 59
Soil 17, 18, 30, 32
compacted 32
natural 30
sprayed 17
wet 17
Solar1,2,3,6,7,9, 25,33
aero-electric power plant in north Africa
25
resource 1
spectrum 2, 3
supplement 7
systems 3, 5
technology 33
tower power plants 9
water-heaters 6
Solar chimney 1, 7, 11, 12, 14, 17, 18, 19, 20,
25,28, 29, 33,34,57,62, 71,72, 74, 77,
79, 82, 84,92, 95, 114, 129, 131, 133,
139, 142, 150, 152, 157, 159, 162, 187,
188, 189
collector 20
design 142
functions 17
operation 84
photovoltaic nuclear 19
power plant 7, 11, 12, 19, 29, 34, 131, 159,
189
retrofit 188
shape 95



Subject Index

system 1, 12, 33, 57,62, 71, 72, 77, 79, 92,

95
Solar chimney prototype 27, 58, 95
of Kasaeian 58
Solar energy 1, 3, 4,5, 6, 10, 11, 19, 33
converting 5
countries use 3
inexhaustible 1
sources 5
thermal 6, 10
Solar power stations 3, 7, 8, 9
thermodynamics 7
Solar radiation 1, 6, 7, 11, 12, 17, 20, 57, 99,
164, 171,172,173, 184, 185, 187, 188,
189
available 20
daily 189
diffuse 172
direct 172
global 57
SST models 63
Static pressure 67, 68, 79, 89, 90, 99, 106,
116, 126, 136, 137, 145, 146, 147, 152
distribution 67, 106, 116, 136, 145
profiles 116, 126, 136, 145
value 79
Steam rankin power cycle 9
Streamlines 40, 51, 112
straight 112
curvature 51
Structure 14, 25, 27, 31, 39, 41, 56
rectangular brick 25
regular mesh 41
SUTPP technology 26
Swirling 25, 48, 50
atmospheric 25
flows 48, 50

T

Technique 5, 7, 10, 42, 48
mathematical 48
statistical 48
Technologies 1, 9, 11, 12, 15, 16, 17, 18, 25,
31, 33, 188, 189
power conversion 9
power production 18
Thermal 5, 6, 11, 30, 37, 58, 97
conductivity 37, 58, 97
contact 11

Recent Advances in Renewable Energy, Vol. 4 197

storage capacity 30
system 5, 6
Thermodynamic 5, 7, 10, 37, 78
case 37
system 5, 7, 10, 78
Tower 9, 12, 15, 19, 22, 25, 132, 133, 161
base 22
diameter 132
solar 15, 19
stable 15
Transfer mode 74
Transform 6, 14, 39, 52, 53, 56, 62, 66
converters 6
thermal energy 14
transition 39, 52, 53, 56, 62, 66
model 52
onset 52, 53
region 53
sources 53
standard bypass 53
Transition-SST 56, 64, 66, 68, 69, 70, 71, 72,
73
model 64, 66, 68, 69, 70, 71, 72, 73
Tubes 8, 15, 17, 18, 151, 152, 155, 156, 158
fixed linear 8
horizontal 8
reinforced concrete 15
steel sheet 15
water-filled 18
Turbine 8, 12, 14, 15, 16, 17, 20, 22, 23, 24,
25, 27, 28, 112, 162, 164, 166, 181, 182,
185, 188
efficiency 20
generator 162, 164, 166, 181, 182
position 112
type 166
Turbulence 34, 43, 44, 45, 48, 49, 50, 62, 63,
72,110, 121, 130, 141
characteristics 110, 121
energy 72
incompressible 44, 49
kinetic energy 44, 49
Turbulence models 46, 48, 51, 52, 56, 62, 63,
65, 67, 69, 72, 73, 74
Turbulent 37, 44, 45, 49, 50, 72, 73, 81, 82,
92, 93, 107, 108, 109, 110, 117, 118,
119, 120, 126, 129, 130, 138, 139, 140,
149, 150, 156, 157, 158



198 Recent Advances in Renewable Energy, Vol. 4

Kinetic energy 44, 72, 73, 81, 82, 92, 93,
107, 108, 117, 118, 119, 126, 129, 138,
139, 148, 149, 156, 157

thermal conductivity 37

viscosity 45, 49, 50, 109, 110, 120, 129,
130, 140, 149, 150, 157, 158

Turbulent kinetic energy 82, 119, 149

distribution 82

growths 119

upsurges 149

\

Velocity 35, 44, 49, 65, 66, 101, 103, 112,
113, 122, 123, 133, 134, 143, 144, 145,
152, 153, 167, 169, 177, 178, 179, 180,
181, 183, 184, 185, 187
conserves 103
fields 65, 66, 103, 112, 113, 122, 123, 133,
134, 143, 144, 152, 153
gradients 44, 49
measuring 167
variation 179
vector 35
Viscous 37, 38, 82, 129, 139, 157
dissipation flow 37
forces 38
shear stress 82, 129, 139, 157

W

Wall 59, 60, 98

adiabatic 59

insulated 98

semitransparent 60
Water 6, 8, 9, 17, 18, 19, 89

cooling 19

flow, low 18
Wavelength 55, 56

bands 55, 56

boundaries 55

intervals 55
Wind 12, 16, 17, 30

energy converter, free-running 16

generators 17

pressure 30

steady 12

Nasraoui et al.



	Cover
	Title
	Copyright
	End User License Agreement
	Contents
	Preface
	ACKNOWLEDGEMENT
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST

	Nomenclature 
	Introduction 
	Bibliographic Study 
	1. INTRODUCTION
	2. SOLAR ENERGY
	2.1. Solar Spectrum
	2.2. Irradiation Areas
	2.3. Advantages and Disadvantages of Solar Energy

	3. DIFFERENT TYPES OF SOLAR SYSTEMS
	3.1. System Photovoltaic (Fig. 1.5).
	3.2. Thermal System
	3.3. Thermodynamic System
	3.3.1. Parabolic trough systems (Fig. 1.7)
	3.3.2. Solar Power Stations with Fresnel Mirror (Fig. 1.8)
	3.3.3. Solar Tower Power Plants (Fig. 1.9)
	3.3.4. Dish Systems (Fig. 1.10)
	3.3.5. Limitation of Photovoltaics and Thermodynamic System
	3.3.6. Solar Chimney Power Plant


	4. SOLAR CHIMNEY
	4.1. Description
	4.2. Greenhouse Effect
	4.3. Principle
	4.4. Mainly Components of the Solar Chimney
	4.4.1. Collector
	4.4.2. Chimney
	4.4.3. Turbine

	4.5. Energy Storage
	4.6. Advantages and Disadvantages
	4.7. The Efficiency of Solar Chimney
	4.7.1. Collector Efficiency
	4.7.2. The efficiency of the chimney
	4.7.3. The Eefficiency of the Turbine and Generator
	4.7.4. Power


	5. A SOLAR CHIMNEY TIMELINE
	5.1. Mainly Current Projects
	5.2. Floating Solar Chimney Technology
	5.3. Experimental Prototypes

	CONCLUSION

	Numerical Approach 
	1. INTRODUCTION
	2. MATHEMATICAL FORMULATION
	2.1. Governing Conservation Equations
	2.2. Simplifying Assumptions
	2.3. Simplified Equations

	3. COMPUTATIONAL FLUID DYNAMICS (CFD)
	3.1. Need of CFD
	3.2. CFD Strategy
	3.3. Mesh
	3.4. Discretization Methods
	3.5. Convergence Criteria
	3.6. Turbulent Models
	3.6.1. k-ε Model
	3.6.2. k-kl-ω Transition Model
	3.6.3. Transition SST Model

	3.7. Discrete Ordinates (DO) Radiation Model Theory

	CONCLUSION

	Numerical Models Choice and Validation with Anterior Results 
	1. INTRODUCTION
	2. DESCRIPTION OF THE PROBLEM
	3. NUMERICAL MODEL
	3.1. Boundary Conditions
	3.2. CFD Parameters

	4. MESHING EFFECT
	5. TURBULENCE MODEL EFFECT
	5.1. Temperature
	5.2. Magnitude Velocity
	5.3. Static Pressure
	5.4. Dynamic Pressure
	5.5. Radiation
	5.6. Turbulent Kinetic Energy
	5.7. Dissipation Rate of the Turbulent Kinetic Energy

	6. HEAT TRANSFER MODE EFFECT IN THE ABSORBER
	6.1. Temperature
	6.2. Magnitude Velocity
	6.3. Radiation
	6.4. Enthalpy
	6.5. Static Pressure
	6.6. Dynamic Pressure
	6.7. Turbulent Kinetic Energy
	6.8. Dissipation Rate of the Turbulent Kinetic Energy

	7. HEAT TRANSFER MODE EFFECT IN THE COLLECTOR
	7.1. Temperature
	7.2. Magnitude Velocity Profiles
	7.3. Radiation
	7.4. Enthalpy
	7.5. Static Pressure
	7.6. Dynamic Pressure
	7.7. Turbulent Kinetic Energy
	7.8. Dissipation Rate of the Turbulent Kinetic Energy

	CONCLUSION

	Design of Prototype 
	1. INTRODUCTION
	2. SOLAR CHIMNEY SYSTEM
	3. NUMERICAL PARAMETERS
	3.1. Meshing
	3.2. Boundary Conditions and Numerical Parameters

	4. SIZING OF PROTOTYPE
	4.1. Collector Diameter Effect
	4.1.1. Magnitude Velocity
	4.1.2. Temperature
	4.1.3. Static Pressure
	4.1.4. Turbulent Kinetic Energy
	4.1.5. Dissipation Rate of the Turbulent Kinetic Energy
	4.1.6. Turbulent Viscosity

	4.2. Collector Slope Angle Effect
	4.2.1. Magnitude Velocity
	4.2.2. Temperature
	4.2.3. Static Pressure
	4.2.4. Turbulent Kinetic Energy
	4.2.5. Dissipation Rate of the Turbulent Kinetic Energy
	4.2.6. Turbulent Viscosity

	4.3. Collector Height Effect
	4.3.1. Magnitude Velocity
	4.3.2. Temperature
	4.3.3. Static Pressure
	4.3.4. Turbulent Kinetic Energy
	4.3.5. Dissipation Rate of the Turbulent Kinetic Energy
	4.3.6. Turbulent Viscosity

	4.4. Chimney Diameter Effect
	4.4.1. Magnitude Velocity
	4.4.2. Temperature
	4.4.3. Static Pressure
	4.4.4. Turbulent Kinetic Energy
	4.4.5. Dissipation Rate of the Turbulent Kinetic Energy
	4.4.6. Turbulent Viscosity

	4.5. Chimney Height Effect
	4.5.1. Magnitude Velocity
	4.5.2. Temperature
	4.5.3. Static Pressure
	4.5.4. Turbulent Kinetic Energy
	4.5.5. Dissipation Rate of the Turbulent Kinetic Energy
	4.5.6. Turbulent Viscosity

	4.6. Chimney Forms Effect
	4.6.1. Magnitude Velocity
	4.6.2. Static Pressure
	4.6.3. Turbulent Kinetic Energy
	4.6.4. Dissipation Rate of the Turbulent Kinetic Energy
	4.6.5. Turbulent Viscosity


	5. OPTIMUM GEOMETRY CHOICE
	6. VALIDATION WITH EXPERIMENTAL RESULTS
	CONCLUSION

	Experimental Study 
	1. INTRODUCTION
	2. PROTOTYPE PRESENTATION
	2.1. Collector
	2.2. Chimney and Support
	2.3. Turbine Generator
	2.4. Absorber

	3. INSTRUMENTATION
	3.1. Velocity Measuring
	3.2. Temperature Measuring
	3.3. Measuring Location
	3.4. Electric Power Measuring

	4. EXPERIMENTAL RESULTS
	4.1. Radiation
	4.1.1. Daily Radiation
	4.1.2. Typical Day

	4.2. Temperature
	4.2.1. Daily Temperature
	4.2.2. Typical Day

	4.3. Velocity
	4.3.1. Daily Velocity
	4.3.2. Typical Day

	4.4. Power Output
	4.5. Correlation
	4.5.1. Velocity
	4.5.2. Power Output


	CONCLUSION

	Conclusion and Recommendations

	References 
	REFERENCES

	Subject Index



