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The International Energy and Environment Foundation (IEEF)

is an independent, nongovernmental, nonprofit international organization of

scientists, researchers, engineers and

others from around the world working

together. Our mission is to facilitate the

exchange of knowledge, research and

technology worldwide for enhancing the

capacity building of the human resources

in all areas of green energy and

environment.

The IEEF activities include:

• Organize and conduct international conferences, symposia and

seminars.

• Sponsor and conduct research studies, surveys and state of the art

studies.

• Undertake consultancy projects and organize training programs for the

interchange of knowledge and expertise amongst the international

community.

• Publish research journals, books, and newsletters.

• Maintain and improve the data bank and library facilities.

• Awards and scholarships to recognize work of excellence in the fields

of energy and environment.
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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&gt;1000 kW/m2), the thermal analysis of a receiver tube in parabolic

trough collectors at medium concentration levels (&lt;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 &amp;

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 &amp; 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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