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Chapter 1

Computational Fluid Dynamics Applications in Green Building Design.
Zhiqiang (John) Zhai
Abstract
Computational fluid dynamics (CFD), as the most sophisticated airflow model, can
simultaneously predict airflow, heat transfer and contaminant transportation in and
around buildings. This chapter introduces the roles of CFD in green building design,
demonstrating the typical application variety of CFD in designing a thermallyconformable, healthy and energy-efficient building. The chapter discusses the primary
advantages, challenges, and trends in using CFD for building modelling and design
practice. Furthermore, it highlights the critical knowledge and key elements in conducting
a CFD simulation that can deliver a fast and reasonable result for design purpose.

Chapter 2

CFD Investigation of the Ventilation and Thermal Performance of a Wind
Tower Design Integrated with Heat Transfer Devices.
John Kaiser Calautit, Ben Richard Hughes, Hassam Nasarullah Chaudhry, Saud
Abdul Ghani
Abstract
Increasing emphasis on reducing power consumption has raised public awareness of
natural and renewable energy resources, particularly the integration of passive cooling
systems in buildings such as wind towers. Wind towers have been in existence in various
forms for centuries as a non-mechanical means of providing indoor ventilation. In hot
conditions where there is a relatively low difference between internal and external
temperatures, the cooling capabilities of wind towers which depend mainly on the
structure design itself are inadequate. Therefore it is essential to cool the air in order to
reduce the building heat load. The aim of this work is to incorporate heat transfer devices
in a wind tower to meet the internal comfort criteria in extreme external conditions.
Computational Fluid Dynamics (CFD) modelling was conducted to investigate the
performance of a wind tower system incorporating heat transfer devices. The proposed
cooling system was capable of reducing the air temperatures by up to 15 K, depending on
the configuration and operating conditions. Good agreement was observed between the
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CFD simulation and the experimental results. The technology presented here is subject to
IP protection under the QNRF funding guidelines.

Chapter 3

Computational Fluid Dynamics in Concentrating Solar Technologies.
M.I. Roldán, L. Valenzuela, J. Fernández-Reche
Abstract
The need to reduce pollution in electric power generation plants and intensive powerconsuming industrial processes has led to studies of supplying thermal energy with solarpower systems. Solar thermal energy can be obtained and exploited by concentration
techniques of the solar radiation. Therefore, the design of optimised installations for that
purpose is required. The experimental development of concentrating solar facilities
requires funding and time to build them. In order to optimise resources and to avoid the
assembly of several different facilities, Computational Fluid Dynamics (CFD) is used as a
method to reproduce the operating conditions and analyse the parameters which
determine the evaluation and feasibility of the installation. CFD is one of the most
appropriate methods to analyse different phenomena involving fluid flows. In the
thermosolar field, CFD modelling is applicable to a wide range of studies. Thus, CFD
simulation was used, among other applications, for the design of a high-concentration
solar-receiver prototype to provide thermal energy at high temperature ranges
(concentration level>1000 kW/m2), the thermal analysis of a receiver tube in parabolic
trough collectors at medium concentration levels (<50 kW/m2), and the optimisation and
evaluation of a volumetric-receiver design for central receiver solar power plants. This
chapter summarises the CFD application in the design and analysis of concentrating solar
facilities, considering the different concentration levels of the solar radiation.

Chapter 4

Numerical Simulation in One Room with an Energy Conservation Air
Conditioner.
Di Liu, Fu-Yun Zhao
Abstract
Numerical simulation is performed considering the effect of a new window-type air
conditioner, which is a promising way toward compromising energy consumption and
residential air environment. Sensitivity analysis of the actual operating situations has been
implemented, including the total fresh air supply and the full room air recirculation. The
effects of supplying air flow rate, pollutant filtration efficiency, and indoor thermal
buoyancy on the airborne pollutant transports are also illustrated. The numerical results
demonstrate that the reduction of indoor pollutant levels can be accomplished either by
increasing the fresh air ratio, or by increasing filtered removal efficiency, or by increasing
the supplying airflow rate, or by decreasing the strength of indoor heating source. The
indoor contaminant concentration asymptotically approaches to a small value for the
situation of full fresh air supply, which agrees well with the analytical solutions of indoor
contaminant concentration under the extreme operations.

Chapter 5

Modified Rayleigh Method for Calculating the Natural Frequency of Stepped
Cantilever Beam.
Luay S. Alansari
Abstract
Rayleigh method is one of classical methods used for calculating the natural frequency of
the beam but it is not accurate when the beam is a stepped beam. In this work, Rayleigh
method was modified using a new method for calculating the equivalent moment of
inertia of stepped beam. There are three important parameters affected on the static
deflection and natural frequency of the stepped beam. These parameters are the width
ratio, the length ratio and shape of the cross sections area of the stepping beam. In order
to study the effect of the shape of cross section area, the static deflection and natural
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frequency of four types of beam were calculated using classical Rayleigh method,
modified Rayleigh method and Finite Element Method (FEM) using ANSYS. The four
types of beams were circular beam, square beam, rectangular beam with stepping in
width only and rectangular beam with stepping in height only. The comparison between
the results of static deflection and natural frequency for these four types of beams and for
these three methods were made. A good agreement was found between the results of
static deflection calculated by ANSYS and modified Rayleigh methods for each type of
beam except the square beam specially when the length of larger step is more than half of
the length of beam. Also, a good agreement was found between the results of natural
frequency calculated by ANSYS and modified Rayleigh methods for each type of beam.
In order to study the effect of the width and length ratio, the three models were used to
calculate the natural frequency of cantilever stepped beam compound from two parts for
different width and length ratio. The comparison between the three methods was done
and he results showed the effect of the width for small and large part of beam, the length
of large part of step, and the ratio of large to small width of stepping beam on the natural
frequency of stepping beam. The natural frequency of stepping beam is increasing with
increasing of the width of small and large parts of beam. In addition to, the natural
frequency of beam is increasing with increasing the length of large width until reach to
(0.52 m) and decreasing then when the modified Rayleigh model or ANSYS model are
used.

Chapter 6

CFD Computation of a Small Incurved Savonius Wind Rotor.
Zied Driss, Olfa Mlayeh, Makram Maaloul, Mohamed Salah Abid
Abstract
Energy is one of the crucial inputs for socio-economic development. The rate at which
energy is being consumed by a nation often reflects the level of prosperity that it could
achieve. Among renewable sources of energies, wind power is an important source of
environmental-friendly energy and has become more and more important in the recent
years. The number of installed wind power plants is increasing every year and many
nations have made plans to make large investments in wind power in the near future.
Many developed and developing countries have realized the importance of wind as an
important resource for power generation and necessary measures are being taken up
across the globe to tap this energy for its effective utilization in power production.
Remarkable advances in Green design have been possible due to developments in modern
technology. In this context, a CFD computation has been conducted to study the flow
characteristics around an incurved Savonius wind rotor. The software "SolidWorks Flow
Simulation" has been used to present the local characteristics in different planes. The
numerical model considered is based on the resolution of the Navier-Stokes equations in
conjunction with the standard k-ε turbulence model. These equations were solved by a
finite volume discretization method. An experimental validation has been done using a
wind tunnel to confirm the computer method validity.

Chapter 7

Study on Buffeting Performance of a Long-Span Cable-Supported Bridge
Based on Numerical Sim. and Field Measurement.
Hao Wang, Tong Guo, Tianyou Tao, Aiqun Li
Abstract
With the increase of the bridge span, buffeting performance of the long-span cable
surported bridge has gradually attracted more and more attention. Numerical Simulation
has been a traditional and effective method to conduct buffeting performance analysis for
many years, while the recent development in structural health monitoring (SHM)
technology enables the buffeting responses of bridges to be evaluated in a more realistic
manner. In this chapter, the cable-stayed Sutong Bridge with a main span of 1088m is
taken as an example to conduct buffeting analysis based on numerical simulation and
field measurement. The wind spectra used in the design phase and those experimentally
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obtained from a long-term SHM system are adopted to calculate buffeting responses
which will be compared with predictions then. The auto-spectra of longitudinal and
vertical fluctuating wind components are derived from the in-site strong wind data
recorded by the monitoring system. And the buffeting analysis is accomplished in time
domain with aeroelastic effect included. Compared with the buffeting responses obtained
from measured spectrum, the girder responses from design spectrum are larger in
horizontal direction and smaller in other directions, while the tower responses are lager
and thus relatively conservative.

Chapter 8

CFD-Based Analysis and Optimization of Gas Cyclones Performance.
Khairy Elsayed, Chris Lacor
Abstract
Gas-solids cyclone separators are for more than a century widely used as industrial
equipment. Due to its relevance, a large number of experimental, theoretical &
computational studies have been reported in the literature aiming at understanding and
predicting the performance of cyclones in terms of pressure loss and collection efficiency
(cut-off diameter). The cyclone performance parameters are governed by many
geometrical and operational parameters (e.g., the gas flow rate & temperature). This
chapter focuses only on CFD based analysis and optimization of the effect of the
geometrical parameters on the flow field pattern and performance of tangential inlet
cyclone separators. The study was limited to reverse-flow gas-solids cyclone separators
operating at low solids loading. The objective of this study is four-fold. Firstly, determine
the most significant factors affecting the cyclone performance based on previous studies
and statistical analysis of data using response surface methodology. Secondly, study each
(significant) parameter separately to obtain more details of its effect on the flow field
pattern. Thirdly, obtain the optimum geometrical ratios for minimum pressure drop.
Finally, obtain the most efficient cyclone design for best performance (minimum pressure
drop and minimum cut-off diameter) using genetic algorithms. The outcome of this study
is new optimal design to replace the standard design for improved superior performance.

Chapter 9

CFD Modelling of Floor Heating System in Dome Shape Rooms According to
the Thermal Comfort Condition.
T. Khademinejad, S. Rahimzadeh, P. Talebizadeh, H. Rahimzadeh, H. Sarkardeh
Abstract
Population increase, loss of energy resources and consequently high energy demand in
recent years has caused countries to change their energy consumption policies. One of the
most important energy consumers in rural and urban areas are buildings. Therefore, the
role of heating and cooling systems is considerable in buildings with high level of energy
usage. Floor heating system is a form of central heating system which achieves indoor
climate control for thermal comfort using conduction, radiation and convection heat
transfer. The terms radiant heating is commonly used to describe this approach regarding
to the role of radiation in this system according to its significant portion of the resulting
thermal comfort. Radiant heating has much more advantages compared to conventional
heating systems not only in the case of energy efficiency, but also in preparing thermal
comfort for settlements. In addition, floor heating systems generate lower temperature
gradients in compare with other convective heating systems. In the present study, the
CFD simulation is performed to analyse floor heating system in a dome shape room to
reach the thermal comfort condition in the standard height of 1.8 meter above the floor.
Moreover, the obtained results are compared to the floor heating system in an ordinary
room with the same volume and 6m±4m±3m dimensions. The required energy to
achieve the thermal comfort condition in the simulated rooms has been calculated by
simulating the velocity and temperature fields. The constant temperature for the floor and
convection with outside for walls, roof, door and window are considered as the boundary
conditions. The velocity and temperature distribution as well as the floor temperature are
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compared in both systems. The primary results showed that in the dome shape room, the
required floor temperature for providing thermal comfort condition is less than the
ordinary room. However, the total area of the floor is higher in the dome shape room than
the ordinary room.

Chapter 10

Computational Fluid Dynamics Modelling in Environmental Friendly
Energy Systems.
Adéla Macháčková, Radim Kocich, Peter Horbaj
Abstract
Numerical simulations are more and more widely used in technological process
modelling. This approach has also been applied to environmentally friendly equipment
and processes. CFD analyses enable us to predict and subsequently verify the efficiency
and ultimate effects of systems so designed. Among specific applications are, for
instance, transformation of energies, utilization of the energy potential of waste products
and mitigation of the environmental impacts of combustion products. From the foregoing
it is clear that the role of CFD analyses in mitigating environmental impacts of
technological processes will be increasing. This entails detailed specification of the
mathematical models and/or design of new models which must be based on actual
knowledge acquired from real situations. In other words, the design of new or innovated
systems must go hand in hand with the development of pure and applied numerical
modelling.

Chapter 11

CFD Modeling and Analysis of Inlet and Exhaust Gaseous Flow System.
Case of an Alternative Fueling IVECO Engine.
M. A. Jemni, G. Kantchev, M. S. Abid
Abstract
In order to reduce the urban transport pollution, the control norms are being more several
in many countries of the world. Consequently, the investigation of alternative fuels
becomes very necessary. These fuels can be derived of the gaseous origins, like LPG
(Liquefied petroleum gas), CNG (Compressed natural gas) biogas and hydrogen, or
derived of liquid origins like biodiesel. The modeling of inlet and exhaust systems of
internal combustion engine using alternatives fuels is very important in order to evaluate
the engine performance. In this chapter, a computational fluid dynamic (CFD) simulation
of inlet and exhaust systems of gaseous converted IVECO engine has been developed.
The study essential objective is to investigate the inlet air-fuel mixer and exhausts gas
behavior and characteristics for various gases in order to reach the engine optimal
combustion performance. The numerical simulation of steady and unsteady compressible
flow, in the inlet and exhaust systems, is developed. The comparison between simulation
results and those from the literature showed a good concordance.

Chapter 12

Application of CFD and HAM Models in Green Building Design: A Review.
Piaia J.C.Z., Cheriaf M., Rocha J.C.
Abstract
The concept of ‘green building’, a new philosophy in construction, encourages the use of
more environmentally-friendly materials and the implementation of techniques to save
resources (and/or to replace them with renewable materials), to reduce waste, to minimize
the life cycle costs and to create healthy work and living environments. The use of
industrial residues and civil construction waste as alternative sources of materials has
been shown to be a sustainable alternative for the construction industry. However, the use
of these new materials and/or technologies in façades requires an analysis of their
potential to reduce the problem of moisture infiltration in buildings. The development of
HAM (heat, air and moisture) models for green building using the hygrothermal
properties of renewable materials is increasingly evident in civil construction. The
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measurement of hygrothermal properties in the laboratory allows the development of
three-dimensional computer models, reducing the time and high costs associated with
masonry systems. Wind-driven rain (WDR) is one of the most important moisture
sources, with potential negative effects on the hygrothermal performance of buildings,
and it is an essential boundary condition for the numerical simulation models. Three
methods are available for estimating the wind-driven rain load on building surfaces:
measurements, semi-empirical methods, and numerical simulation with computational
fluid dynamics (CFD). The aim of this study is to bring together the most recent research
published on green buildings and the reuse of residues. This review will also focus on the
effect of the exposure of building façades to WDR and the state-of-the-art hygrothermal
models which have been developed, and their use to predict the absorption of rainwater
by porous construction materials.

Chapter 13

Computational Fluid Dynamics Study for Hydrolysis of Urea.
J. N. Sahu, B.C. Meikap, Anand V. Patwardhan

Abstract
Ammonia is a highly volatile noxious material with adverse physiological effects, which
becomes intolerable even at very low concentrations and presents substantial
environmental and operating hazards and risk. But ammonia has long been known to be
useful in the treatment of flue gases from fossil fuel combustion process, for example,
industrial furnaces, incinerators and coal-fired electric power generating plants. Urea as
the source of ammonia for the production of ammonia has the obvious advantages that no
ammonia shipping, handling and storage is required. The process of this invention
minimizes the risks and hazardous associated with the transport, storage and use of
anhydrous and aqueous ammonia. The present study is concerned with the methods and
means to safely produce relatively small amount (i.e. up to 50 kg/hour) of ammonia. A
computational fluid dynamics (CFD) model is proposed to simulate urea hydrolysis for
ammonia synthesis. A series of parametric studies to investigate flow rates, thermal
boundary conditions and reactor geometry was performed for hydrolysis of urea and the
optimized operating conditions and reactor geometry were obtained. Detailed threedimensional flow, heat and chemistry simulations of ammonia, carbon dioxide and
ammonium carbamate. The study demonstrates that simulation is a useful tool for
diagnosing hydrolysis reactor mixing pathologies and for identifying practical
countermeasures that could improve process performance.
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About this book
Fuel cell system is an advanced power system for the future that is sustainable, clean and
environmental friendly. Fuel cells are growing in importance as sources of sustainable energy and will
doubtless form part of the changing programme of energy resources in the future. Fuel cells are still
undergoing intense development, and the combination of new and optimized materials, improved
product development, novel architectures, more efficient transport processes, and design optimization
and integration are expected to lead to major gains in performance, efficiency, reliability,
manufacturability and cost-effectiveness.
Among all kinds of fuel cells, proton exchange membrane (PEM) fuel cells are compact and
lightweight, work at low temperatures with a high output power density and low environmental impact,
and offer superior system startup and shutdown performance. These advantages have sparked
development efforts in various quarters of industry to open up new field of applications for PEM fuel
cells, including transportation power supplies, compact cogeneration stationary power supplies, portable
power supplies, and emergency and disaster backup power supplies. Three key issues limiting the
widespread commercialization of PEM fuel cell technology are better performance, long cell life, and
lower cost. [CHAPTER 1]
The study of thermodynamics and its relation to fuel cells is very important for predicting fuel cell
performance. The determination of fuel cell potential and efficiency depends heavily on the evaluation
of thermodynamic properties. The basic electrochemical principles and terminology is needed to
understand electrochemical cells, reactant consumption, and product generation. [CHAPTER 2]
Although a PEM fuel cell seems to be a very simple device, numerous processes take place
simultaneously. It is therefore important to understand those processes, their mutual interdependence,
and their dependence on components design and materials properties. [CHAPTER 3]
Durability is one of the most critical remaining issues impeding successful commercialization of broad
PEM fuel cell stationary and transportation energy applications. The need for improved lifetime of PEM
fuel cells necessitates that the failure mechanisms be clearly understood and life prediction models be
developed, so that new designs can be introduced to improve long-term performance. [CHAPTER 4]
The development of physically representative models that allow reliable simulation of the processes
under realistic conditions is essential to the development and optimization of fuel cells, the introduction
of cheaper materials and fabrication techniques, and the design and development of novel architectures.
Semi-empirical modelling combines theoretically derived differential and algebraic equations with
empirically determined relationships. Empirical relationships are employed when the physical
phenomena are difficult to be modelled or the theory governing the phenomena is not well understood.
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Semi-empirical models are very useful for making quick predictions for designs that already exists, for
estimating the performance of fuel cell stacks and optimization of fuel cell system integration and
operation. [CHAPTER 5]
The difficult experimental environment of fuel cell systems has stimulated efforts to develop models
that could simulate and predict multi-dimensional coupled transport of reactants, heat and charged
species using computational fluid dynamic (CFD) methods. The strength of the CFD numerical
approach is in providing detailed insight into the various transport mechanisms and their interaction, and
in the possibility of performing parameters sensitivity analyses. The results of CFD analyses are
relevant in: conceptual studies of new designs, detailed product development, troubleshooting, and
redesign. CFD analysis complements testing and experimentation, by reduces the total effort required in
the experiment design and data acquisition. The CFD models are shown to be able to provide a
computer-aided tool for design and optimize future PEM fuel cell with much higher power density, long
cell life, and lower cost. [CHAPTER 6]
When analyzing the production of electricity and heat from a PEM fuel cell, other components
associated to the fuel cell stack must be considered. A fuel cell system consists basically of the stack of
fuel cells and the following additional subsystems: fuel processor, air management system, water
management system, heat management system and power conditioning system. Fuel cell system designs
range from very simple to very complex depending upon the fuel cell application and the system
efficiency desired. A fuel cell system can be very efficient with a few plant components. Usually, the
larger the fuel cell stack, the more complex the fuel cell plant subsystem. As the fuel cell system
increases in size, it becomes more complex as the temperature, pressure, water, and heat become more
problematic, and need to be monitored more closely. [CHAPTER 7]
The book is intended to serve as a reference for the engineering students, postgraduate students, and
researchers.
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Contents
Chapter 1

Pollutant Emissions and Combustion Characteristics of Biofuels and
Biofuel/Diesel Blends in Laminar and Turbulent Gas Jet Flames.
R. N. Parthasarathy, S. R. Gollahalli
Abstract
The detailed combustion characteristics of prevaporized biofuel flames in a laminar
environment were studied and compared with those of diesel and dodecane flames. The
measurements highlighted the effects of fuel-bound oxygen on the combustion
properties. The results were similar to engine findings regarding the performance of
biofuels; thus, the present method can be used for the rapid characterization of
combustion properties of new fuels. Detailed OH and CH radical concentration
measurements were made to understand the mechanisms of NOx formation in the
laminar flames at different equivalence ratios. Turbulent flames of pre-vaporized CME
and SME blends with diesel were also studied for three exit Reynolds numbers. The
measurements highlight the combined effects of fuel chemistry and fluid mechanics on
the soot formation, temperature profiles and global CO and NOx emissions.

Chapter 2

Sustainable Routes for The Production of Oxygenated High-Energy
Density Biofuels from Lignocellulosic Biomass.
Juan A. Melero, Jose Iglesias, Gabriel Morales, Marta Paniagua
Abstract
Concerns about diminishing fossil fuel reserves along with global warming effects
caused by increasing levels of CO2 in the atmosphere are driving society towards the
search for new renewable sources of energy for transport that can substitute fossil
sources. Lignocellulosic biomass is abundant, and it has the potential to significantly
displace petroleum in the production of fuels for the transportation sector through the
transformation of sugars coming from the hydrolysis of cellulose and hemicellulose.
Fuels from sugars can be obtained by conventional fermentation resulting mainly in the
formation of bioethanol, an excellent alternative to gasoline. However, this conversion
has drawbacks especially from the point of view of atom economy and energy
efficiency, as well as the low energy density of ethanol and its relative low boiling
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point and high water solubility. These limitations can be overcome by designing
strategies to convert highly functionalized molecules coming from non-edible
lignocellulosic biomass into oxygenated high energy density biofuels distinct of
bioethanol and compatible with internal combustion engines. This chapter will be
focused on the catalytic upgrading of lignocellulosic based platform molecules to these
second generation biofuels as well as on the studies in the blending with conventional
fuels.

Chapter 3

Optical Investigations of Alternative-Fuel Combustion in an HSDI Diesel
Engine.
T. Huelser, M. Jakob, G. Gruenefeld, P. Adomeit, S. Pischinger
Abstract
In order to support the current mutual fuel and engine design process, the combustion
of alternative fuels is studied by optical in-cylinder diagnostics in a high-speed directinjection (HSDI) diesel engine. Combustion is different in such light-duty engines as
compared to heavy-duty diesel engines, e.g., due to lower in-cylinder air swirl and
longer injection durations in the latter. Thus, the effects of swirl and injection duration
are considered in this chapter.
Furthermore, several different fuels are tested. Firstly, the influence of fuel properties,
such as cetane number (CN) and volatility, is investigated by using single component
fuels, namely n-decane, n-heptane, and 1-decanol. The combustion characteristics of
these reference fuels are also compared to conventional multi-component fuel. In
particular, flame lift-off and sooting tendency are considered. Secondly, a recently
tailored, essentially non-sooting, two-component fuel is investigated under comparable
conditions. It is composed of 70 % butyl levulinate and 30 % n-tetradecane (by
volume) and therefore named BLT. It is tested in order to find a crude-oil independent,
carbon-neutral biofuel. Note that butyl levulinate is derived from cellulose.
Combustion and soot production are characterized by recording OH*
chemiluminescence and soot luminosity simultaneously, using state-of-the-art image
intensified high-speed cameras. The selected fuels are also tested in an all-metal
engine, which is comparable to the optical engine. The former yields
thermodynamically optimized operating parameters and stationary engine-out
emissions. In addition, similar combusting diesel-like sprays are analysed under
quiescent conditions in an optically-accessible, high-pressure, constant volume vessel.
The current results consistently show that soot production basically depends on premixing of fuel and air for the selected fuels. Thus, CN is a very important fuel
property. Accordingly, soot oxidation is less important than soot formation under the
investigated part-load conditions.
In contrast to the single-component fuels and conventional diesel fuel, the combustion
of BLT hardly depends on in-cylinder swirl. This can also be explained by the effect of
pre-combustion mixing. Therefore, the air swirl level can be potentially reduced in
future HSDI engines operating on BLT-like fuels.

Chapter 4

An Insight into Biodiesel Physico-Chemical Properties and Exhaust
Emissions Based on Statistical Elaboration of Experimental Data.
Evangelos G. Giakoumis
Abstract
Depleting reserves and growing prices of crude oil, as well as gradually stricter
emission regulations and greenhouse gas concerns have led to an ever-increasing effort
to develop alternative fuel sources; the emphasis is on biofuels that possess the added
benefit of being renewable. In this regard, and particularly for the transportation sector,
biodiesel has emerged as a very promising solution, possessing the key potential of
significant CO2 emissions mitigation. One of the peculiarities of biodiesel with respect
to other biofuels is the fact that it can be produced from a variety of feedstocks. Not

16

International Energy and Environment Foundation - PUBLICATIONS

surprisingly, the different fatty acid composition of each originating oil or fat
influences also substantially the properties of the final ester, and is ultimately realized
into differences in the exhaust emissions from diesel-engined vehicles.
In this chapter, a two-fold statistical investigation is presented in order to: a) estimate
the average property values of all investigated biodiesels so far, and b) quantify the
effects of biodiesel blending on the exhaust emissions (particulate matter, NOx, CO,
HC but also fuel consumption and CO2) during real-world (i.e. transient) operation of
diesel engines. To this aim, the available literature on biodiesel properties, fatty acid
composition and exhaust emissions during transient cycles was gathered, and the
reported measurements were statistically analyzed. The various trends observed are
discussed and explained based on fundamental aspects of fuel chemistry and on the
consequences they have on the real engine operation.
It is believed that the results of this study can prove useful to administrations and
international institutions by providing a good estimate of the biodiesel’s ‘average’
properties as well as the expected emission changes when the vehicle fleet is running
on biodiesel blends over neat diesel.

Chapter 5

Biodiesel: A Promising Alternative Energy Resource.
A.E. Atabani
Abstract
World energy demand is projected to increase due to the expanding urbanization, better
living standards and increasing population. At a time when society is becoming
increasingly aware of the declining reserves of fossil fuels beside the environmental
concerns, it has become apparent that biodiesel is destined to make a substantial
contribution to the future energy demands of the domestic and industrial economies.
In this chapter, a detailed investigation has been conducted to underlinedifferent related
aspects to biodiesel industry. These aspects include;biodiesel feedstocks, fatty acid
compositions, oil extraction, biodiesel production methods, properties and qualities of
biodiesel, problems and potential solutions of using vegetable oil, advantages and
disadvantages of biodiesel, engine performance, emissions production, the
economicviability and finally the future of biodiesel. The literature reviewed was
selective and critical. Highly rated journals in scientific indexes were the preferred
choice, although other non-indexed publications and some internal reports from highly
reputed organizations such as International Energy Agency (IEA), Energy Information
Administration (EIA) and British Petroleum (BP) have also been cited.Based on the
overview presented, it is clear that the search for beneficial biodiesel sources should
focus on feedstocks that do not compete with food crops, do not lead to land-clearing
and provide greenhouse-gas reductions. These feedstocks include non-edible oils such
as Jatropha curcas and Calophyllum inophyllum, and more recently microalgae and
genetically engineered plants such as poplar and switchgrass have emerged to be very
promising feedstocks for biodiesel production.

Chapter 6

Alternative Fuels for Internal Combustion Engines: An Overview of the
Current Research.
Ahmed A. Taha, Tarek M. Abdel-Salam, Madhu Vellakal
Abstract
Alternative fuels research has been on going for well over many years at a number of
institutions. Driven by oil price and consumption, engine emissions and climate
change, along with the lack of sustainable fossil fuels, transportation sector has
generated an interest in alternative, renewable sources of fuel for internal combustion
engines. The focus has ranged from feed stock optimization to engine-out emissions,
performance and durability. Biofuels for transportation sector, including alcohols
(ethanol, methanol...etc.), biodiesel, and other liquid and gaseous fuels such as methane
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and hydrogen, have the potential to displace a considerable amount of petroleum-based
fuels around the world. First generation biofuels are produced from sugars, starches, or
vegetable oils. On the contrary, the second generation biofuels are produced from
cellulosic materials, agricultural wastes, switch grasses and algae rather than sugar and
starch. By not using food crops, second generation biofuel production is much more
sustainable and has a lower impact on food production. Also known as advanced
biofuels, the second-generation biofuels are still in the development stage. Combining
higher energy yields, lower requirements for fertilizer and land, and the absence of
competition with food, second generation biofuels, when available at prices equivalent
to petroleum derived products, offer a truly sustainable alternative for transportation
fuels. There are main four issues related to alternative fuels: production, transportation,
storage, handling and usage. This chapter presents a review of recent literature related
to the alternative fuels usage and the impact of these fuels on fuel injection systems,
and fuel atomization and sprays for both spark-ignition and compression-ignition
engines. Effect of these renewable fuels on both internal flow and external flow
characteristics of the fuel injector will be presented.

Chapter 7

Investigating the Hydrogen-Natural Gas Blends as a Fuel in Internal
Combustion Engine.
İlker YILMAZ
Abstract
Alternative fuels for internal combustion engines has recently been attracting interest
due to the fact that the fossil fuels including natural gas, gasoline, diesel etc. are a
limited resource whose supply will one day be exhausted. Natural gas has been widely
used in internal combustion engines and its use produces far fewer harmful emissions
than fossil based fuels such as gasoline and diesel. However, natural gas combustion
exposes carbon compounds such as carbon monoxide, carbon dioxide etc. Hydrogen is
an attractive fuel for some combustion applications including internal combustion
engine, gas turbine, burner, furnace etc. due to its high flame speeds and clean burning
characteristics. It is cleaner than natural gas and also the most plentiful element in the
universe. The hydrogen-natural gas blends, usually named as HCNG or Hythane has
been increasingly attracted and has been widely used due to its comparable properties
to those of gasoline, combustion characteristics, emission performance, and energy
security.
This chapter presents an overview of the use of hydrogen-natural gas (representing
methane) blends as an engine fuel for internal combustion engines using data obtained
from previous research study recently published in relevant scientific activities.

Chapter 8

Conversion of Bus Diesel Engine into LPG Gaseous Engine; Method and
Experiments Validation.
M. A. Jemni , G. Kantchev , Z. Driss , R. Saaidia , M. S. Abid
Abstract
The research in the internal combustion engines field in general and compression
ignition engines (Diesel) in particular presented tremendous importance due to global
very strict pollution norms. Use of clean alternative fuels in Diesel engine, as fuels
replacing the gasoil (compressed natural gas, liquefied petrol gas, biogas, biodiesel,
hydrogen) opens new fuel supply choices in perspective of energy economy, and
emissions. The use of such fuels in diesel engine technology is based on two
technologies: dual-fuel and bi-fuel. The first one uses the unchanged initial engine
structure by blending gasoil with alternative gases for several proportions. The second
one uses a changed engine structure in order to change completely the engine process
operation from compression ignition to spark ignition. In this chapter, a fully
instrumented, six-cylinder, 13.8 liter displacement, water-cooled, heavy duty, direct
injection (DI), IVECO engine, installed at the authors’ laboratory, which is used to
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power the urban bus Diesel engines in Sfax, was modified to bi fuel spark ignition (SI)
engine gasoline and gas fuelling. The volumetric compression ratio adequate for the
conversion of the engine into bi fuel is given using a thermodynamic and dynamic
analysis, from 16:1 (Diesel engine) to 12:1 (SI engine). Modifications included in
addition the installation of air-fuel intake system, electro-mechanic spark ignition
system and liquefied petrol gas (LPG) kits. Experimental tests are carried out by
measuring engine performances. The objective is to examine the engine behavior
before and after conversion, through a computer based data acquisition and control
system.

Chapter 9

Predicting the Combustion Performance of Different Vegetable OilsDerived Biodiesel Fuels.
Qing Shu, ChangLin Yu
Abstract
A pure component topological index (χ) was proposed from the combination of the
modifying of the distance matrix and adjacency matrix. It was used to predict some
physical properties that have great influence on the combustion performance of
different oils-derived biodiesel fuels, such as dynamic viscosity, surface tension and
sauter mean diameter (SMD). Some simplifications and assumptions were made to
modify the Grunberg-Nissan equation, and obtained a correlation for the dynamic
viscosities of biodiesels with the mean topological index χm,1. Furthermore, some
simplifications and assumptions were made for the Dalton-type mass-average equation,
a correlation for the surface tensions of biodiesels with the mean topological index χm,2
was obtained. Then, the χm,1 or χm,2 was respectively related with the SMD values of
biodiesel fuels (taken from the literature, at 313 K), and two regression equations were
obtained. The regression equation derived from χm,1 has a higher predictive accuracy
than the regression equation derived from χm,2. In order to produce a biodiesel that has
a comparable atomization performance when compared with the diesel no.1 or no.2, it
is necessary to select a suitable feedstock, which should be composed by such
components (low carbon number and more unsaturated bonds).

Chapter 10

Production of Gasoline, Naphtha, Kerosene, Diesel, and Fuel Oil Range
Fuels from Polypropylene and Polystyrene Waste Plastics Mixture by TwoStage Catalytic Degradation using ZnO
Moinuddin Sarker, Mohammad Mamunor Rashid
Abstract
Polypropylene (PP) and Polystyrene (PS) waste plastic mixture to heating fuel and
fraction fuels was recovery with ZnO catalyst. Two step processes was applied for PP
and PS waste plastics mixture to fraction fuel production. PP and PS waste plastic
mixture to heating fuel production purpose ZnO was use 5% and heating fuel to
fraction fuels production purpose ZnO was use 1%. 1st step process was heating fuel
recover and 2nd step process was heating fuel to fraction fuels production. Temperature
range was for heating fuel production at 250 - 420 ºC, and fraction fuels production
temperature range was 65 – 350 ºC. Fraction fuels were collected gasoline, naphtha,
aviation, diesel and fuel oil. Fuels density ranges are 0.72 g/ml to 0.82 g/ml. Product
fuel was analysis by GC/MS, FTIR and DSC for compounds identification, functional
group and enthalpy value determination. Carbon chain length was determining C3- C24
by GC/MS. Fuels can use internal combustion engine and feed for refinery process.
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Chapter 1

CFD Modeling of Methane Reforming in Compact Reformers.
Meng Ni
Abstract
Methane can be converted to hydrogen-rich gas mixture for fuel cell (FCs) applications
through reforming reactions. Compact reformers (CRs) are promising devices for
efficient fuel processing due to their small path length for heat conduction and mass
transfer. In CRs, thin coatings of catalyst are applied to both sides of a compact heat
exchanger to enable combustion at one side and methane reforming at the other side. In
this chapter, a 2D heat and mass transfer model is developed to investigate the
fundamental transport phenomenon and chemical reaction kinetics and the effects of
various parameters on reformer performance. Both methane steam reforming (MSR) and
water gas shift reaction (WGSR) are considered in the numerical model. The governing
equations are discretized and solved with the Finite Volume Method (FVM). The
SIMPLEC algorithm is employed to couple the pressure field and the velocity field. The
numerical code is validated by comparison between the present simulation results with
data from the literature. Parametric simulations are performed to examine the effects of
various structural/operating parameters, such as porous layer thickness, porosity,
permeability, and temperature, on the reformer performance.

Chapter 2

FEM Based Solution of Thermo Fluid Dynamic Phenomena in Solid Oxide
Fuel Cells (SOFCS).
F. Arpino, A. Carotenuto, N. Massarotti, A. Mauro
Abstract
Computer models have become a common tool for the analysis of engineering problems
such as energy conversion systems. In fact, these models, based on the numerical solution
of the set of equations that describe the physical problem give the possibility to reduce
costs and time needed to perform experiments. For instance in system optimization, it is
only necessary to validate through experiments the optimal solution chosen based on
numerical data. Furthermore, computational models can provide detailed information on
complex phenomena, such as those occurring in energy conversion processes, that can
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otherwise be extremely difficult to obtain from measurements. Numerical methods can
also be used to design and analyse experiments, in order to estimate systematic errors.
Fuel cells represent a very interesting example of complex engineering application.
Among other energy conversion systems, fuel cells have gained popularity due to the
high efficiency, low emissions and potentially cost-effective supply of electric power.
Solid Oxide Fuel Cells (SOFCs) are considered particularly interesting thanks to their
modularity, fuel adaptability and low levels of NOx and SOx emissions. Furthermore, high
operating temperatures allows cogeneration, making SOFC technology particularly
suitable for stationary power generation.
Nowadays, despite the intensive research and significant progress, SOFCs are still not
ready for commercialization, due to high manufacturing and operating costs and low
reliability, compared to more traditional energy conversion systems. To make SOFCs
commercially competitive, it is necessary to better understand some of the fundamentals
of these systems, and optimize design and operation. All these objectives can be achieved
through efficient numerical tools.
Several phenomena (mass, energy and charge transport, chemical and electrochemical
reactions) take place in a fuel cell and need to be clearly understood. These phenomena
occur simultaneously, and are strongly coupled, making a physically representative
prediction of fuel cells operating conditions extremely complex. The complexity of the
phenomena occurring in SOFCs, the presence of electrodes that can be modelled as
porous media with very low permeability and the necessity to accurately describe
multispecies gas diffusion and eventually reforming chemical reactions, make it
necessary to develop accurate and flexible numerical codes for detailed description of
fuel cells operation. As a consequence, the development of fast, stable, flexible and
robust proprietary codes is still extremely important to predict SOFCs performance.
Based on this idea, the authors have developed a novel Artificial Compressibility (AC)
Characteristic Based Split (CBS) algorithm for the solution of thermo fluid-dynamic
problems in composite domains and in presence of large source terms. Based on such a
novel numerical scheme, a detailed model has been developed and employed for the
effective numerical simulation of SOFC. The matrix inversion free procedure, the
stability of the solution process and the use of single domain approach enormously
increase the flexibility of the present code.
In this chapter, the main models available for the description of SOFCs operating
principles are reviewed, from the initial and significant attempts to the more recent multidimensional models for fuel cells. The numerical procedure developed by the authors,
based on the Finite Element Method (FEM), is presented together with the results
obtained for an anode supported SOFC.

Chapter 3

Computational Fluid Dynamics in the Development of a 3D Simulator for
Testing Pollution Monitoring Robotic Fishes.
John Oyekan, Bowen Lu, Huosheng Hu
Abstract
In this chapter, we discuss how an open source computational fluid dynamics package,
OpenFoam, is combined with other open source tools in developing a simulator to test
swarm algorithms for a shoal of robotic fishes as part of the EU Shoal project.
Computational fluid dynamics is used to investigate and understand the challenges that
the robotic fishes would be faced with in a marine environment. This knowledge would
enable the introduction of contingencies into the swarm algorithms so that the robotic
fishes are better prepared. It also enables the understanding of the behaviour of the swarm
algorithms without the need to continuously test on physical robots during the
development process. In addition to discussing the construction of such a simulator, the
proposed swarm algorithms were tested in the simulator with some results presented to
show the feasibility and performance of the developed simulator.
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Chapter 4

CFD Applications in Electronic Packaging.
C.Y. Khor, Chun-Sean Lau, M.Z. Abdullah
Abstract
The trend of integrated circuits (IC) packaging toward miniaturization and diversification
has emerged as a challenge in the microelectronic industry. Continuous enhancement of
IC packaging using conventional trial-and-error methods is costly and time consuming,
and these difficulties become bottlenecks in the research. The applications of
computational fluid dynamics (CFD) in electronic packaging have helped improve IC
packaging and have provided better understanding of the physicochemical aspect of the
process. Moreover, fluid flow behavior such as molding compound during IC
encapsulation and heating of solder reflow can be predicted through CFD simulation. The
predictions give a clear visualization of fluid flow phenomenon during CFD postprocessing. CFD is used in many diverse applications. This chapter provides information
on CFD applications during IC encapsulation and reflow soldering processes based on the
substantial work done on these areas.

Chapter 5

CFD Simulation of Savonius Wind Turbine Operation.
João Vicente Akwa, Adriane Prisco Petry
Abstract
This chapter contains a discussion on the numerical studies conducted at the Federal
University of Rio Grande do Sul (in the Brazil) on the performance of Savonius wind
turbines. The use of unconventional devices, like the Savonius wind rotor, can be a
solution for low cost and reduced environmental impacts for decentralized power
generation, because this device combines advantageous features such as high start-up and
full operation moment with reduced manufacturing costs. Performance improvements
make the use this device more attractive for power generation. Theoretical prediction of
Savonius rotor performance is difficult, by the complexity of the air flow around the
machine and the mutual interference of the buckets. For this reason, the performance
characteristics of a Savonius wind rotor are usually obtained from field and wind tunnel
experiments, or through the application of numerical methods that solve the conservation
equations of the air flow. Numerical research works about the operation of Savonius
turbines constitute a good and inexpensive alternative to obtain the performance
characteristics and the visualization of the vector and scalar fields in the flow around the
device. In conducted studies, the rotor is immersed in a calculation domain whose
boundaries are allocated away from the rotor to not interfere on the flow adjacent to the
wind device. Inside the calculation domain, one region is bounded with a sliding mesh,
whose rotational rate is imposed to adjust the tip speed ratio of the turbine. The flow
velocity is considered known at the inlet of the calculation domain and the pressure value
is given in the outlet. Symmetry conditions are considered on the sides of the calculation
domain. On the rotor surface is considered the non-slip condition. With these key
boundary conditions applied in the conservation equations of the flow on the rotor are
obtained velocity and pressure fields throughout the calculation domain. The moment and
power coefficients are obtained by integrating the forces arising from the effects of
pressure and viscosity of the air flow on the wind device. The Finite Volume Method is
used to solve the equations of the flow. The use of Eddy Viscosity Model k-ω SST, on its
Low-Reynolds approaches, using hybrid near wall treatment, offered the most realistic
results for the analyzed phenomenon. Different mesh formats and variations in size of the
calculation domain were applied. The temporal discretization of conservation equations
was developed so that the spatial and temporal discretizations are interrelated. This
methodology was applied to obtain the operational characteristics of several Savonius
wind turbines settings. The results obtained using this methodology are in agreement with
those obtained experimentally by other authors what indicates that the method can be
successfully used for such analysis.
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Chapter 6

Intermittency Modelling of Transitional Boundary Layer Flows on Steam
and Gas Turbine Blades.
Erik Dick, Slawomir Kubacki, Koen Lodefier, Witold Elsner
Abstract
We present a transition model based on the dynamic intermittency concept. The model
uses a dynamic equation for free-stream intermittency and one for near-wall
intermittency, combined with the k-ω SST RANS turbulence model. The free-stream
factor expresses the intermittent behaviour of the turbulent eddies, coming from the free
stream, impacting onto the boundary layer. The near-wall factor represents the fraction of
time during which velocity fluctuations caused by the break-up process inside the
boundary layer, have a turbulent character. The transition onset and growth rate are
derived from well-known correlations for attached state and separated state transition in
steady flow. The performance of the model is verified on two turbine blade cascades,
with one test-case with transition in steady flow and attached state, one test-case with
transition by wake impact in attached boundary layer state and two test-cases with
transition by wake impact in separated boundary layer state. The qualities and limitations
of the modelling approach are discussed.

Chapter 7

Numerical Analysis of the Flow through Fitting in Air Conditioning Systems.
N.C. Uzárraga-Rodriguez, A. Gallegos-Muñoz, J.M. Belman-Flores, J.C. RubioArana
Abstract
The air distribution through the ducts in air conditioning systems is crucial to achieve a
comfort and quality air in enclosed environment. In the experimental analysis of air flow
through the fitting, the testing, tuning and balance are the main issues into account during
the design and development of the installation of air distribution systems. On the other
hand, in the numerical analysis of the air flow distribution through ducts with fittings, the
main factor in a CFD study is to know the air flow distribution in enclosed environments
to obtain comfort and quality air. This work presents a 3D numerical analysis applying
one-equation Spalart-Allmaras, two-equation eddy viscosity (EVMs) and Reynolds stress
(RSM) to solve flow through 90° elbow CR3-9 used in ducts of the air conditioning
systems. The numerical simulations were developed using the commercial software
FLUENT®, where the Reynolds Averaged Navier-Stokes equations (RANS) were
applied. The numerical results were compared with experimental velocity profiles
presented in the literature, where the Spalart-Allmaras turbulence model offers the best
numerical predictions, according to measurements taken near and far from the
perturbations in the case of 90° elbow CR3-9. Other turbulence models used in this study,
EVMs and RSM, present a difference between the experimental and numerical results
from a relation of z/zmax = 0.4 to 1 of the lateral wall of the duct. The air distribution
through 90° elbow CR3-9 and transition rectangular pieces by each turbulence model is
compared.

Chapter 8

Design and Optimization of Food Processing
Computational Fluid Dynamics Modeling.
N. Chhanwal and C. Anandharamakrishnan

Equipments

using

Abstract
Computational Fluid Dynamics (CFD) has been extensively applied in the food
processing sector for the design and optimization of equipments such as, ovens, spray
dryers, chillers and heat exchangers etc. Numerous benefits from the successful
implementation of CFD models have been reported in food industry. This chapter
recapitulates the application of CFD modeling in design and optimization of retort
processing, baking ovens, cold storage, fumigation system, spray dryer and spouted bed
dryer. Modeling of retort processing for canned solid and liquid food provides insight into
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the heat transfer of canned food. Baking ovens play an important role in deciding the final
product quality of any baking process and CFD modeling of baking oven provide
constructive information about temperature and airflow pattern throughout the baking
chamber. Moreover, CFD modeling also helps in designing hybrid heating ovens such as,
microwave-infrared, infrared-electrical or microwave-electrical ovens for rapid baking.
CFD modeling is often used in spray drying operations as it is very difficult and
expensive to obtain measurements of air flow, temperature, particle size and humidity
within large-scale spray dryer. CFD modeling also provides insight into the air-particle
interactions and particle histories such as temperature, velocity and residence time.
Furthermore, this chapter mainly focuses on the constraints in CFD modeling approaches,
their strengths and limitations along with the future trends.

Chapter 9

Fuel and Intake Systems Optimization of a Converted LPG Engine: Steady
and Unsteady in-Cylinder Flow CFD Investigations and Experiments
Validation.
M. A. Jemni, G. Kantchev, Z. Driss, M. S. Abid
Abstract
The design of intake manifolds for internal combustion engines has been given significant
importance when manufacturers want to improve the overall power of the engine. The
design of intake systems has been an important application of unsteady fluid simulations
for many years. A main purpose of these simulations is the filling optimizing and the
estimating of the required initial conditions for the simulation of the in cylinder air/fuel
mixture formation and burning processes. With the increasing accessibility of
Computational Fluid Dynamics (CFD) software it is now worth considering its use for
complete gas dynamic engine simulation. In this chapter, a comparison of two intake
system geometries (two intake manifolds and two air-fuel mixers) is achieved using
numerical simulations. These geometries are designed for a fully instrumented, sixcylinder, 13.8 l displacement, heavy duty, IVECO engine, installed at the authors’
laboratory, which is used to power the urban bus diesel engines in Sfax. This engine was
modified to bi-fuel spark ignition engine gasoline and gas (LPG) fuelling. 3D model is
used in the steady and unsteady numerical simulation of intake flows. The model is based
on solving Navier-Stokes and energy equations in conjunction with the standard k-ε
turbulence model, using the CFD code FloWorks. This modeling made it possible to
provide a fine knowledge of in-flow and turbulence structures, in order to examine the
adequate manifold and air-gas mixer geometry. Experimental measurements are also
achieved to validate these geometries by measuring the important engine performances.
Simulation and experiments results confirmed the benefits of the optimized manifold and
mixer geometries on the in-cylinder flow and engine performances.

Chapter 10

Computational Fluid Dynamics Application for Thermal Management in
Underground Mines.
Agus P. Sasmito, Jundika C. Kurnia, Guan Mengzhao, Erik Birgersson, Arun S.
Mujumdar
Abstract
It is well known that underground miners are exposed to one of the most dangerous
working environments on earth. As mine delve deeper, the geological factor, mine
position and climate condition as well as heat generation from mining machine give rise
to the mine operating temperature. This, in turn, has an adverse effect on the environment
and thus leads to higher operating costs. Furthermore, in coal mines where methane gas
and dust is also produced in coal beds, the combination of methane accumulation, oxygen
and spark/heat can trigger explosions – which may cause fatal accidents. Generally,
mining environments are dynamic and changing very rapidly during mining excavation
using road header/continuous miner/shearer. Essentially, changes in mine environment
affect the performance of total air-conditioning system. Careful estimation and design of
air flow rate, spray system, cooling load and additional ventilation auxiliary equipment
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are of importance to ensure safety, comfortability and productivity whilst maintaining
low operating cost.
In this chapter, three-dimensional structures of a mine development zone together with its
auxiliary air-conditioning system are simulated using a computational fluid dynamic
approach. Thermal management strategy is investigated for several coal advancement
rates, rock temperature and cooling condition. The results suggest that a cost-effective
total air-conditioning system can be developed with the help of CFD software. Finally,
various approaches to enhance the total air-conditioning system are highlighted.

Chapter 11

Computational Fluid Dynamics and its Applications.
R.Parthiban, C.Muthuraj, A.Rajakumar
Abstract
Traditional restrictions in flow analysis and design limit the accuracy in solving and
visualization fluid-flow problems. This applies to both single- and multiphase flows, and
is particularly true of problems that are three dimensional in nature and involve
turbulence, chemical reactions, and/or heat and mass transfer. All these can be considered
together in the application of Computational Fluid Dynamics, a powerful technique that
can help to overcome many of the restrictions influencing traditional analysis.
Computational Fluid Dynamics (CFD) is becoming a critical part of the design process
for more and more companies. This chapter describes the basic principles of CFD,
various techniques involved in CFD and its anatomy, Commercial CFD codes and finally
few industrial applications of CFD.
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Chapter 1

Filtered Density Function as a Modern CFD Tool.
N. Ansari, F.A. Jaberi, M.R.H. Sheikhi, P. Givi
Abstract
The filtered density function (FDF) methodology is now considered as one of the most
viable computational fluid dynamics (CFD) tools in energy and environment research.
This is due to the unparalleled capability of the methodology for accurate prediction of
chemically reacting turbulent flows. In this chapter, a review is presented of modern
advances in FDF modeling and simulation. These are primarily the development of new
sub-closures in FDF transport, and construction of efficient solvers for this transport.
With these developments, it is now possible to conduct large eddy simulation (LES) of
turbulent reactive flows in complex configurations.

Chapter 2

CFD Applications in Steam Boilers.
N. Nikolopoulos, A. Nikolopoulos, E. Karambinis M. Agraniotis, P. Grammelis,
E. Kakaras
Abstract
This chapter presents latest efforts on implementing CFD models for the prediction of the
coal combustion or co-firing behaviour in PF and CFB boilers adopting the most recently
used technological approaches for the reduction of CO2 emissions in industrial scale. Four
different combustion concepts are examined by numerical methods, indicating the most
recent applications of CFD techniques for the predictions of boiler efficiency in the
present state-of-the art industrial applications.

Chapter 3

CFD Simulation on Human-Environment System.
Shengwei Zhu
Abstract
Correct evaluation of indoor air quality and thermal comfort should be based on the direct
examination on the occupants' inhalation exposure and thermal status, which are
determined by the complex interaction in terms of heat and mass transfers between the
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occupant and ambient environment. CFD is a very strong tool to examine such complex
interaction because of its ability to obtain in detail the spatial distributions of the
environmental physical parameters, such as velocity, air temperature, humidity and
contaminants, as well as the physiological parameters over the human body, such as skin
temperature and heat losses through multi routes such as convection, radiation, sweating
and respiration. In this chapter, the CFD methods of simulating the human-environment
system will be introduced, as well as their application in realities.

Chapter 4

CFD Applications in Membrane Technology by Finite Element Analysis.
José M. Gozálvez-Zafrilla, Asunción Santafé-Moros
Abstract
This chapter covers a review of the different applications in membrane technology of
CFD performed by Finite Element Analysis (FEA). In the first section, some
fundamentals about membrane processes are described. In the second section, it is
reported how CFD has been used to study the effect of the hydrodynamics in the
boundary layer on concentration polarization and on membrane fouling. Some critical
modeling aspects, like the importance of having a suitable mesh, are commented. The
following sections are devoted to the modeling of transfer in the membrane and to explain
how the coupling of the transfer in the boundary layer and the membrane has been
overcome. To illustrate the applications of CFD, five examples developed by the authors
in different areas of membrane technology are shown: Effect of hydrodynamic
conditions, module design, blocking of pores by particles, ion transport and gas
separation. Finally, future perspectives of the applications of CFD are forecasted on the
basis of recent research.

Chapter 5

CFD Modelling of Stirred Tanks.
Z. Driss, M. Ammar, W. Chtourou, M.S. Abid
Abstract
The purpose of the present chapter is to contribute on the presentation of the CFD
applications in energy and environment sectors. Particularly, we are interested to the
stirred tanks equipped by different impeller turbines. The shape effects on the field flow
and turbulence characteristics have been considered to choose the most effective stirred
tank. This knowledge can be exploited to develop techniques in order to optimise the
designing mixing processes and economise energy. In this chapter, the results benefit
from many years of work by the authors and from interdisciplinary exchanges among
them and between them and others. The CFD software "Fluent" is used to simulate flow
in stirred tanks. The finite volume method was employed to solve the Navier-Stokes
equations governing the transport of momentum. The closure models tested are the
standard k-ε, the Renormalization Group (RNG) k-ε, the Realizeable k-ε and the Reynolds
Stress Model (RSM). The numerical results from the application of the CFD code with
the stationary model MRF (Multi Reference Frame) are presented in the r-θ and r-z
planes in the impeller stream region. In addition, using the unsteady model, the time
variation of all the turbulent flow parameters has been presented. The present study aims
to provide improved predictions of turbulent flow in a stirred vessel and in particular to
assess the ability to predict the dissipation rate of turbulent energy that constitutes a most
stringent test of prediction capability due to the small scales at which dissipation takes
place. The amplitude of local and overall dissipation rate is shown to be strongly
dependent on the choice of turbulence models. These results are evaluated in terms of the
predicted flow field, power number, mean velocity components and turbulent kinetic
energy using published experimental data.
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Chapter 6

CFD Modeling and Simulations: Horizontal Deep Drilling Process and Filter
Cake Formation.
Mohd A. Kabir, Isaac K. Gamwo
Abstract
Due to ever increasing demands for energy in the United States and around the world,
shallow oil and gas reservoirs are vanishing. The giant gas reserves prowl several miles
beneath the Earth’s surface where high pressures and high temperatures conditions
prevail and render the environment hostile to down-hole tools. In this chapter, we discuss
computational fluid dynamics (CFD) modeling and simulations of horizontal deep
drilling process and filter cake formation on the well wall. During drilling, multiphase
drilling fluid is pumped-down into the drilling zone through drilling pipe and filter cake is
expected to build up on the well wall. The filter cake on the well wall minimizes invasion
of drilling fluids into the formation and reduces the large loss of drilling fluid to the
surrounding formation. The filter cake in the well wall can also cause stuck pipe and
other drilling problems. In this research, CFD modeling and simulations of drilling
process and filter cake formation on the horizontal well wall were performed for deep and
shallow drilling processes where high-pressure and high-temperature (25,500 psi or 175.8
MPa and 170oC) were used for modeling deep drilling process. The drilling fluid was
treated as a two-phase system where solid particulates were suspended in fluid. The
Eulerian - Eulerian approach was employed to model solid - liquid multiphase flow
system. The rock formation was treated as porous media and an extension of Darcy’s law
for multiphase flow was used to model the flow in the formation. Drilling process
simulations were performed for drilling fluid with two-particle sizes, 45 and 7 µm, under
extreme drilling conditions of high pressure and temperature. The comparison of both
scenarios clearly shows that the drilling fluid with larger particles (45 µm) forms thicker
filter cake compared to drilling fluids with smaller particles (7 µm). The Fluent - CFD
code was further utilized for simulating filter cake in shallow drilling process where
pressure and temperature were moderate (2,000 psi or 13.8 MPa and 30oC). The filter
cakes in the wellbore walls were non-uniform in shape for both deep and shallow drilling
conditions. It was also observed from simulation results that thicker filter cake formed on
the horizontal wellbore for extreme deep drilling than shallow drilling.

Chapter 7

CFD Simulation of Phase Particle Entrapment.
Peymani F. Y., Ganbari S. A., Liu Y., Hayatdavoudi A.
Abstract
A cost effective and efficient technology is needed to remove particulate and fibrous
matter from a dwelling while avoiding dispersing the particles in the environment. Such
technology is also needed by NASA’s Exploration Systems Mission Directorate. The
objective of this research is to computationally develop and validate a system which
works based on liquid medium and particle characteristics and can efficiently remove
particles in the size range of 10 – 1000 µm from the environment such as a dwelling. In
order to solve this problem, a viscous liquid medium has been designed to capture and
flocculate the particulate matter. An additional advantage, which will lower the operating
costs is that the viscous medium can be easily recycled, and the flocculated particles, with
minimal volume, can be disposed of safely. The CFD FLUENT package has been used to
simulate the proposed design. The effects of various particle sizes, viscosity of medium,
and Pressure-Velocity boundary conditions on separation efficiency of filter were studied,
using different multiphase models. The simulation, result in finding the effect of particle
size and particulate specific gravity on the separation efficiency, and particle residence
time. Finally, the maximum loading capacity of the model was determined in a way that
particles dispersion into the environment is avoided.
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Chapter 8

Simulation of Low-Btu Syngas Combustion in Trapped Vortex Combustor.
Khaled Zbeeb, Chaouki Ghenai
Abstract
Computational Fluid Dynamics analysis was performed in this study to test the
combustion performance and emissions from the Trapped Vortex Combustor when
natural gas fuel is replaced with renewable and alternative fuels such as hydrogen and
synthesis gas. The mathematical equations describing the syngas combustion are based on
the equations of conservation of mass, momentum, and energy together with other
supplementary equations for the turbulence (k-ε turbulence model), combustion (mixture
fraction/pdf combustion model) and radiation (P1-radiation model). The finite volume
method and the first order upwind scheme were used to solve the governing equations.
The numerical simulations with all the syngas fuels tested in this study were performed
with constant power. The gas temperature, the flow field, species concentrations inside
the Trapped Vortex Combustor and the emission at the exit of the combustor were
obtained. The numerical results are compared to the experimental data for the validation
of CFD model. A comparison study was then performed to analyse the performance of
Methane, Hydrogen and three different Syngas Fuels. The simulations results show the
temperature distribution, combustor efficiency, total pressure drop, OH, CO and CO2
species concentrations, and pollutants at the exit of the combustor when natural gas fuel is
replaced with syngas fuel with lower energy density and different fuel compositions.

Chapter 9

Experimental, Analytical and Numerical Investigation of a Swirling
Submerged Jet Flow.
H. Alighanbari, M. R. Amiralaei, S. Savtchenko
Abstract
Experimental, analytical and numerical studies are performed to investigate the details
and characteristics of swirling submerged jets when transferred into a system of helical
vortices downstream in a bathtub-like flow. Dye-injection is used to visualize the
transformation process of a swirling submerged jet into a tank filled with the same
stationary fluid. In the analytical solution, upstream flow is considered to be twodimensional with piecewise-constant vorticity profile. The instability of such a flow leads
to the formation of two-dimensional dipolar or tripolar vortical structures. It is shown that
the size of the vortexless annular area inside the initial vortex is a critical parameter in the
two dipolar unstable or tripolar stable structure formations, and that such tripolar flow
transforms downstream to a three-dimensional steady helical vortex system, which rotates
as a whole and propagates in the downstream direction. The mechanism of screwing
vortex filaments into a steady system of helical vortices is also presented. The numerical
simulations also confirm the initiation and generation of diploar and tripolar vortex
structures.

Chapter 10

CFD Simulations of Two-Phase Flow.
Yu Zhang
Abstract
When doing computational fluid dynamics (CFD), there are two methods generally used
to describe two-phase flow, which are Euler-Euler (E-E) model and Euler-Lagrange (E-L)
model. In E-E model, particles are treated as a fluid, and also have stress, pressure and
other characters that possessed by a continuous phase. On the contrary, E-L model treats
particles as a discrete phase, and tracks movement of individual particles. In this chapter,
both E-E and E-L methods are used and compared in the simulations of coal combustion,
pneumatic conveying and aeolian sand movement. E-L model is a very time-consuming
method, but it avoids extra models for particle phase. E-E model directly gives the
statistical regularity of particle performances, but unreasonable sub-models may result in
unreasonable predictions. This chapter analyzes advantages and disadvantages of both E-
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E and E-L models and proposes a new methodology that combines two methods to make
reasonable predictions while spending comparative less computational time.

Chapter 11

CFD Simulation of Syntrophic Anaerobic Digestion of Volatile Fatty Acids in
a Continuous Stirred Reactor.
T. Amani, S.M. Mousavi, M. Nosrati
Abstract
Understanding how a process or a bioreactor functions is a necessary pioneer for
successful process design and operation. The anaerobic digestion process is a sequential
complex biochemical process, which includes a series of reactions mediated by several
groups of anaerobic microorganisms. In many anaerobic digesters syntrophic reactions
regarded as the rate limiting steps. This research describes a three-dimensional
computational fluid dynamics (CFD) simulation of syntrophic (acetogenesis, i.e.
propionate and butyrate anaerobic oxidations and methanogenesis, i.e. acetate anaerobic
oxidation) reactions in a continuous stirred bioreactor. The commercial software
FLUENT 6.3 has been employed to solve the governing equations. An Eulerian model
was formulated to simulate reactions’ zone hydrodynamics in the bioreactor with various
influent concentrations of volatile fatty acids (VFAs, i.e. propionate, butyrate and acetate)
and hydraulic retention times (HRT). Concentration profiles of VFAs in the two-phase
system displayed a heterogeneous flow pattern in the bioreactor. Simulation results
indicate that VFAs were degraded efficiently (high removal efficiencies) in the bioreactor
and their concentrations in the liquid bulk were much higher that of in the gas phase.
Also, the results of the model were found to be in good agreement with experimental
results at low concentrations of influent VFAs. This information on syntrophic
interactions along with mixing is considered to be useful in process design for better
bioreactor performance.
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Contents
Chapter 1

A Multi-fluid Model to Simulate Heat and Mass Transfer in a PEM Fuel
Cell.
Torsten Berning, Madeleine Odgaard, Søren K. Kær
Abstract
This article summarizes a multi-phase model of a polymer electrolyte membrane fuel cell
based on the formerly commercial CFD code CFX-4. It is three-dimensional in nature
and includes multiphase heat and mass transfer in porous media. An overview is given
and some numerical issues are discussed in detail. We then present a three-dimensional
study comparing two common flow field designs under normal operating conditions: the
conventional straight channel design and the interdigitated design. While the
interdigitated design leads to a higher pressure drop compared to the conventional
design, its heat and mass transfer properties are superior. Another important aspect of
this study is the wetting status of the electrolyte membrane and the effective drag of
water through the membrane, which indicates what fraction of the product water created
at the cathode side diffuses through the membrane and leaves at the anode side. Only a
fundamental understanding of the various mechanisms involved can lead to proper water
management and hence can prevent “flooding” of either anode or cathode side while
keeping the membrane humidified, and consequently can optimize the fuel cell
performance and durability while reducing cost.

Chapter 2

CFD Modeling of a Planar Solid Oxide Fuel Cell (SOFC) for Clean Power
Generation.
Meng Ni
Abstract
Solid oxide fuel cells (SOFCs) are promising clean power generation devices due to their
high efficiency, less pollutant emission, quiet operation, fuel flexibility, and possibility
of waste heat recovery for combined heat and power (CHP) cogeneration. In this chapter,
a 2D computational fluid dynamics (CFD) model is developed to examine the reactive
fluid flow and heat transfer phenomena in a planar SOFC running on methane fuels. The
mass continuity equation, momentum equations, energy equations and species equations
are solved with finite volume method (FVM). When methane is used in the anode, both
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direct internal reforming (DIR) and water gas shift reaction (WGSR) are included in the
porous anode. The distributions of the gas composition, temperature, rates of DIR and
WGSR in the SOFC can be obtained. Parametric simulations are conducted to compare
two chemical models used in the literature and to investigate how the changes of
operating potential affect the reactive fluid flow, heat transfer, and chemical reaction
(DIR and WGSR) rates in the SOFC. The results and analyses are important for
understanding the transport and reaction phenomena in SOFCs. The model developed in
this chapter can serve as a useful tool for the design of high performance SOFCs.

Chapter 3

Hydrodynamics and Hydropower in the New Paradigm for a Sustainable
Engineering.
Helena M. Ramos, Petra A. López-Jiménez
Abstract
Water and energy are two essential goods that are intrinsically linked and indispensable
to the development of any society or country. Environmental concerns lead to more
"green" solutions which inevitably guide to new paradigms, whether for water or energy
in the near future. The water and wastewater sector represents about 5% of global energy
consumption, and influence the goals of electricity consumption and carbon emissions.
This chapter will explore the linkages between water and renewable energy sectors, as
well as maximize synergies, reduce emissions of greenhouse gases and make the
connection between the water supply and the energy production. Moreover, climate
changes have permitted to highlight the need to find new solutions and strategies to
reduce the vulnerability of production / consumption water and energy. Given the
environmental, water and energy constraints, the future will be marked by a new
management challenge and production of water and energy through the use of new
solutions. The main motivations are based on the recognition of an integrated and
multidisciplinary vision associated with the hydraulic systems (i.e. water supply,
drainage, and hydropower systems), comprising the components of design, innovation,
safety and operation, as well as the reliability and management aspects of water and
energy, to ensure good levels of service throughout the life cycle of each system, as well
as environmental and social aspects, which reflect the need to rationalize the use of
natural resources, especially water and energy sources. Thus the hydrodynamic and
hydropower will be at the forefront to help resolve the problems associated with the lack
and the excess of water and energy (i.e. water and energy efficiency, losses, floods, flow
control, shortages of energy and water) that will strongly affect both the society and the
future development. No doubt the water and energy are the main variables that will
determine the future of coming generations within a sustainable engineering and
environment..

Chapter 4

Opportunities for CFD in Ejector Solar Cooling.
M. Dennis
Abstract
In recent times, there has been a rise in popularity of comfort cooling systems, mainly
based on electrically driven heat pumps. The accompanying peak loading on electricity
grids is proving to be particularly problematic and expensive for electricity utilities,
notwithstanding the greenhouse gas emissions associated with the electricity
consumption of these heat pumps. An alternative is to generate cooling effect using
waste heat or solar heat. The means to achieve this now coincides with the imperative to
do so. Heat driven cooling technologies have existed for some time but only recently has
research effort been applied to comfort cooling. One such technology is the ejector heat
pump. An ejector is a thermally driven compressor that can substitute for an electrically
driven compressor in a heat pump cooling system, thereby alleviating peak electricity
consumption and associated emissions. Although ejectors have been used as steam
driven vacuum pumps for almost a century, they are usually designed empirically and
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there is little understanding of the flow mechanisms within an ejector. Ejector heat
pumps offer further advantages of exceptional reliability, potential for low cost and ease
of control. Since their use in the early 1900s, researchers have grappled with analytical
analyses of ejectors with limited success, hampered somewhat by the complexity of the
flow mechanisms within the ejector. Ejector flows are characterised by supersonic jets,
turbulent shear mixing and metastable thermodynamic states. Over the last ten years, a
number of researchers have endeavoured to use Computational Fluid Dynamics (CFD) to
elucidate these mechanisms and thereby improve ejector design. The volume of scientific
literature in ejector CFD has been steadily increasing, indicating a growing interest and
confidence in the application of CFD to ejectors. As yet, there are only a limited number
of experimental datasets for CFD model validation, but early studies report good
agreement at ejector design conditions albeit with a range of possible flow structures.
However, off-design modelling is generally poor. There is a need for improved
turbulence modelling of jet and shear mixing layer and a need for improved real gas
modelling. Furthermore, there is currently insufficient knowledge in this application of
CFD although progress is accelerating. A critical point in the application of CFD in
ejector design comes when researchers have sufficient confidence in the CFD models to
rely primarily on CFD to design better ejectors, thereby enabling a new range of
environmentally friendly heat pumps to be marketed.

Chapter 5

Three Dimensional Modelling of Flow Field Around a Horizontal Axis Wind
Turbine (HAWT).
Chaouki Ghenai, Armen Sargsyan, Isam Janajreh
Abstract
The principal objective of this computational fluid dynamics (CFD) analysis is to
investigate the flow field around a horizontal axis wind turbine rotor and to determine
the turbine’s power coefficient. A three dimensional CFD analysis was performed in this
study using Reynolds Averaged Navier Stokes (RANS) method. Due to periodicity of
the wind turbine, only one third of the turbine rotor was modelled, and a single moving
reference frame system (SMRF) was used in this study. The turbulence was modelled
using k-ε turbulence model. The governing equations of mass, momentum and
turbulence equations were solved using finite volume method. The numerical results of
the wind turbine coefficient of performance were compared to the experimental data for
the validation of the model. The results of the CFD analysis include the velocity field (xvelocity, y-velocity, z-velocity, and velocity magnitude), pressure distribution around the
wind turbine blades, turbulent wake behind the wind turbine and the power coefficient
Cp.

Chapter 6

Scaling Rules for Hydrodynamics and Heat Transfer in Jetting FluidizedBed Biomass Gasifiers.
K. Zhang, J. Chang, P. Pei, H. Chen, Y. Yang
Abstract
Jetting fluidized beds have potential advantages for gasifying coal or biomass, which can
be further transferred into electricity, hydrogen, and other valuable energy products and
chemical feedstock. Knowledge of the scaling rule is important to design or operate the
jetting fluidized-bed gasifiers. In the past half century, many CFD models have been
presented for predicting the hydrodynamics and heat transfer behavior in the gas-solid
fluidized beds. These models treat the particle phase as a continuum phase or discrete
particles, thus resulting in Eulerian-Eulerian or Eulerian-Lagrangian formulations. In
these models, different governing equations and closure relations essentially result from
an insufficient understanding of the complex gas-solid flows in nature. The current status
of these models is discussed briefly in this chapter. Almost all approaches for modifying
the models in the literature only focus on the particle phase momentum balance equation
introducing various forms of the particle-phase stress tensor, the particle-phase pressure,
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and the inter-phase drag force in the Eulerian-Eulerian models. Taking the above into
consideration, a simple model for forecasting the fluid behavior of dense gas-solid flows
in fluidized beds has been suggested by Brandani and Zhang (2006), which introduces
new terms in both the particle and gas phase momentum balance equations and requires
only a drag force correlation to close the governing equations. This model and its
parameters are validated by comparing the experiment in the gas-solid jetting fluidized
beds. Combined with the energy balances of gas and particle phases, the model is further
extended to investigate heat transfer process. Moreover, a scaling rule for fluid dynamics
and heat transfer is obtained and the CFD simulations are conducted in the jetting
fluidized bed. The above results can provide helpful information for designing or
operating coal/biomass gasifier using the jetting fluidized bed.

Chapter 7

Investigation of Low Reynolds Number Unsteady Flow around Airfoils in
Pitching, Plunging and Flapping Motions.
M.R. Amiralaei, H. Alighanbari, S.M. Hashemi
Abstract
The aerodynamics of an unsteady airfoil in Low Reynolds Number (LRN) flow regime is
associated with complex nonlinear vortex shedding and viscous phenomena. An efficient
design of LRN applications, which involves LRN unsteady flow, needs a broad database
about different influential parameters, their effects, and the pros and cons of changing
each parameter. This clearly saves time and lowers the potential expenses of the design
process. The present chapter investigates unsteady aerodynamics of airfoils under
pitching, plunging and a novel figure-of-eight flapping motion at LRN flow regime. The
flow field is simulated using Computational Fluid Dynamics (CFD) with unsteady,
incompressible Navier-Stokes (N-S) equations and Finite Volume Method (FVM). The
results are validated with the existing data in the literature. Effects of some important
flow and system parameters on the instantaneous lift coefficients and the corresponding
flow structures are explored. It is shown that the aerodynamic characteristics strongly
depend on the investigated parameters.

Chapter 8

Justification of Computational Fluid Dynamics Simulation for Flat Plate
Solar Energy Collector.
Mohamed Selmi, Mohammed J. Al-Khawaja, Abdulhamid Marafia
Abstract
The problem of flat plate solar energy collector with water flow is simulated and
analyzed using Computational Fluid Dynamics (CFD) software. The considered case
includes the CFD modeling of solar irradiation and the modes of mixed convection and
radiation heat transfer between tube surface, glass cover, side walls, and insulating base
of the collector as well as the mixed convective heat transfer in the circulating water
inside the tube and conduction between the base and tube material. The collector
performance, after obtaining 3-D temperature distribution over the volume of the body of
the collector, was studied with and without circulating water flow. An experimental
model was built and experiments were performed to validate the CFD model. The outlet
temperature of water is compared with experimental results and there is a good
agreement.

Chapter 9

Comparative Performance of a 3-Bladed Airfoil Chord H-Darrieus & a 3Bladed Straight Chord H-Darrieus Turbines using CFD.
R. Gupta, Agnimitra Biswas
Abstract
Steady-state two-dimensional CFD simulations were performed using Fluent 6.0
software to analyze the comparative performances of 3-bladed airfoil chord and 3-bladed
straight chord H-Darrieus turbines. The flow was simulated using finite volume method
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coupled with moving mesh technique to solve mass and momentum conservation
equations. The standard k-ε turbulence model with enhanced wall condition was used.
Second-order upwind discretization scheme was adopted for pressure-velocity coupling
of the flow. The power coefficients (Cp) and torque coefficients (Ct) of the turbines were
evaluated through CFD, and the results of both the turbines were compared. It has been
found that the Cp of the airfoil chord turbine is higher than that straight chord turbine.
Further, the flow physics of the turbines was compared with the help of pressure and
velocity contours. Both velocity & static pressure decrease from the upstream side to the
downstream side across the turbines for both the cases. However, the difference of static
pressure or velocity magnitude between the upstream and downstream sides of the 3bladed airfoil chord turbine is higher than the 3-bladed straight chord turbine meaning
better aerodynamic performance for the airfoil chord turbine. Blade-vortex interactions
on the blade ends are more effective for the airfoil chord turbine than the straight chord
turbine. Lift-to-drag coefficients are higher for the airfoil chord turbine signifying the
effectiveness of the blade-vortex interactions on the blade ends for the airfoil chord
turbine, which ensures better power augmentation of it.

Chapter 10

Computational Fluid Dynamics for PEM Fuel Cell Modelling.
A. Iranzo, F. Rosa
Abstract
Fuel cells, as electrochemical devices that transform chemical energy available in fuels
into electrical energy, have attracted significant interest during the last few decades.
Indeed, they are considered to be one of the most promising alternative clean power
generation devices for portable, mobile and stationary applications. However, different
technological barriers are limiting the implementation of fuel cell systems into the global
energy markets, and therefore significant research efforts and investments are being
carried out. In-situ experimentation has a fundamental importance in fuel cell research,
whereas numerical modelling and simulation also has a major contribution. The latter
allows researchers and engineers to gain further insight and understanding into the highly
coupled, non-linear physical and chemical aspects of fuel cells, as well as to perform
design optimization. Among the different modelling strategies and tools available,
Computational Fluid Dynamics (CFD) is arising special interest due to its powerful
capabilities for fuel cell performance evaluation and parametric design optimization. The
design of a fuel cell must consider a number of physical and chemical phenomena, such
as electrochemical reactions, heat transfer, thermal and water management, material
selection, fluid dynamics and flow in porous media, flow distribution of the reactants in
the stack manifolds, and others. These phenomena are tightly coupled, making the design
and optimization of a fuel cell a complicated task that can be aided by the use of CFD
modelling. Fuel cell modelling has therefore received much attention over the past 15
years in an attempt to better understand the phenomena occurring within the cell. CFD
models can be used for a wide range of situations and problems within fuel cells, from
two-dimensional pre-dimensioning models to complex three-dimensional models
covering different physical and chemical phenomena. This chapter presents a unified
summary of the work on the field, different CFD Fuel Cell Models available in the
literature, and addresses specific advantages, limitations and needs in the field of CFD
Fuel Cell modelling. The chapter also provides a vision on how CFD modelling can be
used as a future tool for design and performance analysis of PEM fuel cells. As fuel cells
are currently undergoing intense development, the coupling of experimental techniques,
Fuel Cell CFD modelling and optimization methods can dramatically reduce the
hardware prototyping and development cost and cycles.
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Chapter 11

Analysis of the Performance of PEM Fuel Cells: Tutorial of Major
Functional and Constructive Characteristics using CFD Analysis.
P.J. Costa Branco, J.A. Dente
Abstract
Fuel cells are today one of the main components of sustainable energy solutions and are
becoming today part of the energy storage resources. Among fuel cells, proton exchange
membranes (PEM) fuel cells are the most used for low and average electric power
applications as in the automotive industry, portable power supplies, and backup power
supplies dues to its characteristics of being compact and lightweight, work at low
temperatures, and with low environmental impact. Mathematical modeling needed for
fluid flow dynamics analyses of PEM fuel cells is an indispensable tool in identifying,
understanding, predicting, controlling and optimizing their electro-chemical processes
and various transport phenomena. Computational Fluid Dynamics (CFD) are now
widespread used to understand and improve the PEM fuel cells since computer
simulation is much less expensive than physical testing, and this is a major advantage of
the CFD techniques. These accounts for all the major transport phenomena in all the
major components of a fuel cell: two flow fields, two gas-diffusion layers, two catalyst
layers and the membrane. If necessary, collector plates, cooling channels and other
components can easily be included in the modeling domain.
This chapter looks at how engineers and researchers can understand the main physical
mechanisms of PEM fuel cells for their optimization and helped by CFD techniques. For
example, understanding how the electric current density is distributed through the
cathode channels of the fuel cell and its dependence of channels’ geometries. Other
important case study in this chapter concerns the heat transfer in the solid porous matrix
of the PEM fuel cell and the effects on its energy efficiency. In this chapter, we will
review the fundamental operating principles of a PEM fuel cell from an electric
engineer’s perspective, and show how we can use CFD techniques to understand how
fuel cell’s geometry affects its performance and life time.

Chapter 12

Application of Techniques of Computational Fluid Dynamics in the Design
of Bipolar Plates for PEM Fuel Cells.
A.P. Manso, F.F. Marzo, J. Barranco, M. Garmendia Mujika
Abstract
The first step in the design of a complete fuel cell system is to design the fuel cell itself.
When designing a fuel cell, there are different parameters to consider. Some parameters,
like the size of the fuel cell, flow channel configuration, and the optimum thickness of
electrode, electrolyte and catalyst layers, must be chosen before the fuel cell is even
built. Other parameters, like the operating temperature, the fuel and oxidant
stoichiometry, the humidification level of the fuel or oxidant streams, and the operating
voltage can be tuned (to some extent) after the fuel cell is built. Some simplified
mathematical models of fuel cell that are used to explore some of these parameters in
fuel cell design can be insufficient. Numerous simplified assumptions are made in these
fuel cell models and these simplifications can reduce the accuracy of these models. As
opposed to these models, three-dimensional CFD models can address critical issues such
as thermal stress distribution, an important consideration related to cell useful life. Such
a model accounts for the distribution of fuel consumption throughout the cell;
distribution which, in turn, depends upon the complex flow patterns within the cell. For
these reasons, CFD simulation is expected to play a major role in the development of
lower-cost, higher-efficiency fuel cell designs.
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Chapter 1

Simulation and Modelling of Oxygen Coal Combustion with Flue Gas
Recirculation.
Chaouki Ghenai
Abstract
This paper presents calculations of oxygen coal combustion with flue gas recirculation.
The coal is burned in oxygen, carbon dioxide and water mixture. In addition to solving
transport equations for the continuous phase (gas), a discrete second phase (coal particles)
is simulated in the Lagrangian frame of reference. Reaction is modeled by a mixture
fractions/PDF approach. Discrete phase modeling (DPM) is used for the prediction of
discrete phase trajectory and heat and mass transfer to/from particles. Four different coals
(Lignite, Bituminous, and Anthracite) with different compositions and heating values are
tested in this study. The coal is burned in O2/CO2/H2O mixture with VC02+H2O/VO2 = 0 to 4.
The results obtained in this study show clearly the benefit of burning coal with
O2/CO2/H2O mixture compared to coal combustion with air. The CO2 emissions increases
which will help to reduce the cost of CO2 capture, NOX emissions decrease because of the
replacement of nitrogen in air by CO2/H2O mixture, and better devolatization and burnout
of coal particles for coal combustion with oxygen/CO2/H2O mixture. In addition to that,
with a VCO2+H2O/VO2 = 1.25, the flame temperature of coal combustion with O2/CO2/H2O
mixture is the same as the flame temperature of coal combustion with air. No
modifications of the combustor materials are required during the retrofitting of power
plant with oxygen coal combustion systems.

Chapter 2

The Choice of the Best Air Distribution Concept in Air-Conditioned
Auditorium by Means of CFD Numerical Prediction.
Barbara Lipska, Piotr Koper
Abstract
Ventilation and air-conditioning are the most important ways to create the indoor
environment. The choice of an adequate (from the point of view of thermal comfort)
concept of ventilation air distribution in an enclosure is one of the most important stages
in ventilation or air-conditioning designing. Of much use is for that purpose the
application of numerical prediction of the airflow by means of the CFD method, which
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permits to obtain information about the air parameters already in the course of designing.
The paper suggests a way of assessing thermal comfort and air quality in an occupied
zone, which would permit to compare explicitly various concepts of the air distribution in
a ventilated room. This way is based on results of the numerical prediction of the air
parameters and on the existing methods of assessment thermal comfort (ADPI, DR,
PMV). The paper presents the idea and practical realisation of this way on the example of
an actual auditorium.The numerical model of this enclosure was worked out fully making
use of the possibilities of the CFD code Ansys CFX. Several concepts of air distribution,
including mixing and displacement ventilation with application of the different actual air
diffusers, were tested. Complex method of modeling these diffusers was proposed, i.e.
simulating these diffusers separately and transferring results as inlet boundary conditions
for the main simulation. The validation of the results of the numerical prediction was
made, using the results of a measurement in the actual auditorium. The required ranges of
the criteria for assessment thermal comfort in the occupied zone of the auditorium were
given. To compare different concepts, the percentage of the area of the selected horizontal
plane where these criteria were satisfied was calculated based on the results of the
simulation: temperature, humidity and CO2 concentration. The choice of the best air
distribution concept was achieved.

Chapter 3

CFD Applications in Natural Ventilation of Buildings and Air Quality
Dispersion.
N. Nikolopoulos, A. Nikolopoulos, I. Papadakis, K.-S. P. Nikas
Abstract
This chapter deals with the most recent progress on two of the main applications related
with the energy and environmental research field. More specifically, the use of
Computational Fluid Dynamics (CFD) modeling in natural cross-ventilation of buildings
is firstly presented in a very detailed way, dealing with energy saving and human comfort
via the produced volume aeration rate. Following, a quite recent CFD application is
examined concerning the air pollutant dispersion in an urban environment containing a
wide range of street canyons surrounded by buildings with different heights and shapes.
The CFD approach for such complicated phenomena with an unsteady character in most
of the cases examined is capable of providing information on the complicated fluid flow
mechanisms presented which are difficult to be extrapolated using experimental
methodologies.

Chapter 4

CFD Modeling of Air Pollutant Transport and Dispersion.
Labovský Juraj, Jelemenský Ľudovít
Abstract
The presented chapter provides basic principles of atmospheric dispersion modeling using
the CFD approach. It was shown that CFD can play a very important role in the prediction
of atmospheric dispersion of hazardous gases. The CFD approach can be employed in
areas where a simple (integral) model of atmospheric dispersion cannot be used. This is
apparent in the dispersion simulation in complex urban environments. The main focus was
a proper choice and settings of the boundary conditions, which have probably the largest
impact on the modeling accuracy. The computational gird construction process is
described in detail. Some basic principles of transferring the GIS information to the
computational grid are also provided.

Chapter 5

CFD Modeling of Multiphase Flow in Environmental Engineering.
Masroor Mohajerani, Mehrab Mehrvar, Farhad Ein-Mozaffari
Abstract
Multiphase flow processes are widely used in environmental engineering. The gas-liquid
process is one of the most common types of two phase flow in water production and
wastewater treatment systems. Gas injection provides good mixing and aeration within the
system. Airlift (pneumatic) reactors are a class of multiphase reactors which are
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increasingly used in the chemical and environmental processes. Two-phase and threephase airlift reactors are widely utilized in chemical and biological wastewater treatment
systems such as nitrification and denitrification processes. Attractive characteristics of
airlift reactors are simple construction without moving parts, low shear rate, low power
consumption, high gas-liquid mass and heat transfer, and good mixing. An airlift reactor is
the modified and special type of bubble column where it is divided into three separate
zones: the riser including gas sparger, the gas/liquid separation zone, and the downcomer
with lower gas phase volume fraction. The difference in mixture densities in riser and
downcomer provides a liquid circulation in the airlift reactor. Two common types of the
airlift reactors are internal and external loop reactors. The internal loop consists of two
concentric cylinders, in which the gas is injected inside the inner cylinder (riser), while the
external loop airlift reactor differs considerably from internal configuration because it
contains two separate columns connected by horizontal pipes from the top and bottom to
provide a circulation within the system.
The phase velocity and gas fraction volume (gas holdup) in the riser and downcomer are
key elements in designing an airlift reactor. A detailed understanding of the reactor needs
the analysis of transient behaviour of the flow. Different approaches have been employed
to model the multiphase flow processes. The most widely used methods of analysis by
computational fluid dynamics (CFD) are Eulerian-Eulerian (E-L) and Eulerian-Lagrangian
(E-L) approaches with their own characteristics. In the E-E approach, both continuous and
dispersed phases are treated as interpenetrating fluids. In the E-L approach, a large number
of bubbles are tracked individually and the liquid phase is considered as a continuum.
In this chapter, the CFD technique is employed to explore the dynamic behaviour of both
internal and external loop airlift reactors through the k-ε turbulent model for continuous
and dispersed phases. Finite element method is used to solve the momentum equation. The
system is sub-divided into elements where the numerical solution of local momentum
balance equation is carried out. The grid and time independence studies are carried out
with different number of elements and time steps, respectively. A finer discretization is
tested until a grid-independence is achieved. The E-E approach is used to describe each
phase. The gas holdup in riser and downcomer is calculated in the airlift reactor.

Chapter 6

CFD Study on the Roles of Trees on Airflow and Pollutant Dispersion within
Urban Street Canyons.
Salim Mohamed Salim, Andrew Chan, Riccardo Buccolieri, Silvana Di Sabatino
Abstract
The work explores the use of Computational Fluid Dynamics (CFD) to the study of air
flow and pollutant dispersion in urban street canyons with trees. The study also depicts the
evolution from the conventional Reynolds-Averaged Navier Stokes (RANS) solution to
the recently more favored Large Eddy Simulation (LES). CFD is becoming an attractive
tool for investigating fluid problems in a wide range of industries and steadily replacing
traditional experimental studies due to the savings in resources and flexibility offered.
Although more computationally expensive, LES better predicts pollutant dispersion
because of its ability to resolve the unsteady fluctuations of the instantaneous flow field.
In addition, until recently, the aerodynamic effects of other large obstacles such as trees
that occupy a significant portion of the urban street canyon volume have largely been
neglected. Therefore, apart from demonstrating the advantages of LES over RANS, the
work also tackles the influence of trees on the flow field and pollutant concentration
levels. The study focuses on a street canyon of width to height ratio, W/H=1 with a
perpendicular approach wind, and compares results between an empty street canyon and
one flanked with avenue-like trees.

Chapter 7

Energy Efficiency and Air Quality in Hospitals Design.
Essam E. Khalil
Abstract
This chapter is devoted to numerically investigate the optimum designs of various
applications (devices and equipment) inside the different types of hospitals to obtain
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optimum energy utilization with the aid of CFD techniques. Governing equations of mass,
momentum, energy and species are solved numerically to predict the air flow patterns and
thermal behavior in operating theatres and healthcare facilities.This chapter is divided to
several Sections concerned with specific recommendations that should be followed for
each application to achieve efficient energy utilization and indoor air quality. This chapter,
also, is devoted to the investigation of the influence of the several airside designs on the
efficiency of the flow of air-conditioned supply to create sterile and comfort environment
in surgical operating theatres. Energy efficiency improvement in air-conditioned
healthcare applications was found to depend, mainly on the application design
configurations and operating parameters. The room airside design is one of the essential
factors that strongly influence the HVAC airflow pattern and consequently the air quality
and comfort inside the special healthcare applications. Numerous examples of computed
air flow pattern, moisture content distributions and thermal image are demonstrated. The
present chapter introduces some recommendations for designs to facilitate the
development of optimum energy efficient design.

Chapter 8

Application of CFD in Pulverized Fuel Combustion.
M. Tayyeb Javed, Tahira Sultana
Abstract
Coal plays an important role in supporting world economic development, alleviating
poverty and is an essential resource to meet the world's energy needs. Coal currently
supplies 26% of primary energy and 40% exclusively for electricity generation and its use
in power generation is predicted to rise over 60% by 2030. The developing countries are
responsible for 97% of this increase, primarily to meet electrification rates. There are
varieties of ways for coal combustion e.g., in a bed or burned in suspension. Coal is
crushed to different extents depending upon the firing preference i.e. for pulverized firing
70% of the coal passes through 200 mesh size, for cyclone firing it is crushed to 4 mesh
size and for fluidized bed, it is of the size 1/4-3/8 inches.
Pulverized coal power generation starts by crushing coal into a fine powder that is fed into
a boiler where it is burned to produce heat. The heat ultimately produces steam which is
used to spin one or more turbines to generate electricity.
Computational Fluid Dynamics (CFD) is a design and modeling tool that can be used in
understanding of the physical and chemical phenomena underlying pulverized fuel (pf)
combustion. The CFD simulations could be performed utilizing sub-models for
combustion, heat transfer and pollutant emissions within a turbulent flow field. Heat
transfer within an industrial boiler is dominated by radiation in the flame region. For
conventional air combustion, the radiation and radiative properties of the solids and gases
are usually assumed to be gray, not dependent upon wavelength.
This chapter presents the underlying theory and application of CFD in the pulverized coal
combustion. The emphasis is given on the modeling methodology and the review of
current research. Two case studies for the CFD modeling of pulverized coal combustion in
a lime kiln and a utility boiler presented in this chapter shows that a good deal of
information could be extracted for the flow fields, velocity vectors, particle path lines,
temperature contours, heat flux and species concentrations etc.

Chapter 9

A Heat Transfer Model For Fluids Based on Cellular Automaton Application
to an Air Conditioning of A Building.
Andrés Saiz Martínez
Abstract
In this chapter general aspects of fluid dynamics are revised. Euler and Navier-Stokes
equations, and other effects as thermal conduction and convection are presented in a
succint way. Computational Fluid Dynamics (CFD) methods has been used for many
years in order to solve in an approximate way situations in which previous effects are
involved. A revision of the history of CFD methods is presented in order to justify the
using of other CFD methods as Cellular Automata (CA), and methods derived from it as
the Lattice Boltzmann. An application of a recently developed method based on CA to a
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realistic scenario, the heat transfer in an air conditioning system of a building, is
presented. The comparison of data obtained from this model versus experimental data is
discussed and analysed.

Chapter 10

CFD Application in Power Plants.
Essam E. Khalil
Abstract
The efficient utilization of fossil energy in power generation together with low pollution in
conventional thermal power plants is a topic that is gaining timely interest internationally.
The energy availability and sustainability scenario is an area of growing interest and
demand in many countries worldwide due to the greater desire to enhance standards of
living, increase productivity and preserve a clean environment. Efficient energy use is
favorable for better productivity, product quality, costs, and quality of human life but the
use of energy adversely impacts our environment. Recent advances in computational
techniques had rendered accurate predictions of complex flows with chemical reaction,
combustion and heat transfer meaningful, possible, reliable and highly demanded. This is
outlined in this chapter through a review of the various combustion modeling assumptions
and numerical techniques for furnace flames predictions under steady and time dependent
configurations. This would simulate most of practical applications in power generation
boiler furnace and industrial combustion applications. The heat transfer to furnace walls
through thermal convection and radiation is reviewed briefly to demonstrate the current
status quo capabilities. The main goal of efficient power generation is, among others to
rationalize the use of fossil fuels and enhance the combustion efficiencies. Numerous
examples of the flame and furnace characteristics are highlighted and the numerical
computed results validated against available experimental data. The ability of numerical
computations to predict the boiler furnace thermal behavior is an ultimate goal and is
demonstrated here with the aid of examples of typical cylindrical flame tubes and water
tube furnaces as well. Boiler furnace walls are subject to major problem of fouling that
deteriorate the performance and reduce the heat transfer characteristics drastically.

Chapter 11

Analysis and Computation of the Heat Charge/Discharge Behavior in Packed
Bed Thermal Storage Systems.
Pei-Wen Li, Jon Van Lew, Wafaa Karaki, Cho Lik Chan, Jake Stephens
Abstract
Thermal energy storage has been widely recognized as a very important approach to
extend the daily operation time of a concentrated solar thermal power plant beyond
sunlight time and thus increase the power production without adding extra power
generation capacity to the power plant. To better facilitate the design and operation of
thermal storage facilities, this chapter presents the common features of heat transfer and
charge/discharge behavior in several thermal storage systems. Through mathematical
analysis, detailed discussion is given to a group of generalized non-dimensional governing
equations describing the heat transfer between thermal storage material—the static
medium, and heat loaded flowing medium—the heat transfer fluid. An effective, fast,
robust, and versatile numerical solution method to the governing equations is presented.
The model is validated by analytical solution and experimental data. Results are provided
to illustrate the temperature variations in both spatial and time coordinates in a thermal
storage tank. Finally, very useful design charts and diagrams are provided for energy
storage effectiveness versus four dimensionless parameters, consolidated from material
thermal properties, storage tank dimensions, flow rate of fluid, and time of operation of
charge and discharge. The procedures to size and design a thermal storage tank using the
charts and diagrams are also outlined at the end of the chapter.
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