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m Industrial Design of New Generation of Power Plants Based on
Oxy-Fuel Technology

This work presents the design of large utility-scale oxy-fuel boilers

Oxy-fuel
Fluidized Bed  based on two industrial pathways of constant thermal power scenario

Cargg:g:;:frz and constant furnace size scenario. The work is based on a
and Storage  cOMprehensive test campaign in 100 kW,, and 4 MW,, oxy-fuel test
Nanoparticles  njts which led to a comprehensive modeling tool developed by the
author. The results suggest that the major strategy for increasing the
heat extraction outside the furnace is to use cyclones with high
efficiency leading to a higher share of fine particles and nanoparticles
in the boiler loop while the amount of aerosols is reduced. The furnace
wall heat flux maxima is in constant furnace size scenario is around
double of the corresponding values in constant thermal power
scenario. Thus the combustion is more intense constant furnace size
scenario which increases the rate of NO, generation in addition to tube
damage risks. It is also concluded that the operation of the oxy-fired
boilers at high O, concentrations is much safer in constant thermal
power scenario is compared to constant furnace size scenario. It is
also concluded that the aspect ratio of new oxy-fuel CFB furnaces are
to bigger than the typical furnaces and consequently approaching the
fluid catalytic cracking fluidized beds.

I Sadegh Seddighi

Department of Mechanical Engineering, K. N. Toosi University of Technology,
Tehran, Iran

Email: sadegh.seddighi@kntu.ac.ir
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m Modeling Thermophoresis Phenomena in Non-Premixed Counterflow
Combustion of Particles

Keyvords

NonPremixed |N this paper, an analytical model is presented to investigate flame
Combustion  structure that contains uniformly distributed volatile fuel particles in
Counterflow - an oxidizing gas mixture. A non-premixed counterflow combustion is
Vaporization ; ; . . i i

oo considered assuming a thin region of reaction where lycopodium
particle Volume PArticles are assumed as the solid fuel. Also, effective forces including
Fraction thermophoretic, vaporization process and particles radius variations
have been studied in this configuration. As the thermophoresis effect
severely increases by approaching the flame front, it reaches a
specific value that balances the gravity, drag and buoyancy forces
applied on the particle. One dimensional flame propagation in organic
cloud of fuel particles is analyzed in which flame structure is divided
into pre-heat, vaporization, post-vaporization and post-flame zones. It
is assumed that particles as fuel and air as oxidizer move toward
stagnation plane from two nozzles in the counterflow configuration.
Particles initially vaporize in order to release a specific chemical gas
which then enters the oxidation reaction process. For this purpose,
conservation equations with specific boundary conditions are solved
in each zone. The results show that both burning velocity and flame
temperature increase with a rise in volume fraction and a reduction in
particles diameter.

W Gholamreza Shahriari Moghadam, Navid Malekian, Hesam Moghadasi,
Mehdi Bidabadi

School of Mechanical Engineering, Department of Energy Conversion, Iran
University of Science and Technology (IUST), Narmak, 16846-13114, Tehran,
Iran

Email address(Corresponding author): navid. malekian@yahoo.com
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m High Speed Schlieren by Using High Power Light Emitting Diodes

Keywords

Schlieren

This paper describes the details of a novel high-speed schlieren

high speed imaging

Light Emitting Diode

imaging setup. In addition to the very precise layout in the schlieren
setup, itis necessary to freeze the phenomenon in order to have a high
resolution in the temperature contours. For high-speed imaging, a
high-power diode has been used in over-current conditions. LED is a
novel light source that have many advantages over lasers. By reducing
the duty cycle, it is possible to increase the power of every pulses.
Eventually, high quality images can be captured by synchronization of
camera and the light source. Some factors including the effect of high
speed imaging, setting the precise location of knife, and capturing low
temperature gradient were investigated to have a high resolution and
high quality schlieren setup. The results show that schlieren setup has
an acceptable accuracy in detecting low temperature gradients and
can be used to study the flame features

Wl Azadeh Kebriaee ™ Hamidreza Nasiri I Seyed Ali Asghar Razavi Haeri
Professor Assistant, Aerospace Ph. D. Student, School of Electrical Ph. D. Student, Electrical
Engineering Department, Sharif University and Computer Engineering, Collage Engineering Department, Sharif
of Technology, of Engineering, Tehran University, University of Technology,
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m Semi-analytical solution of transient imperfectly expanded turbulent
supersonic jet

imperfectly Although the steady state flow has been taken into the account widely,
expanded jet  Studying the transient flow is not a common investigation through the
semi-analytical published analytical researches. In the present work, deriving an
solution  analytical solution, the transient behavior of imperfectly expanded
transient flow  supersonic jet flow has been studied in detail. In this regard applying
Laplace transform method, the Favre-averaged Navier-Stokes
equations for turbulent compressible flow have been solved. Then the
results are validated with the available experimental data in the
literature. Furthermore, the effects of eddy viscosity on steady state
flow is discussed. It is found that velocity increases by decreasing the
eddy viscosity. Moreover, tip penetration, radial velocity and velocity
profile are studied and plotted. As expected results show that
pressure ratio has direct relationship with tip penetration length. So, in
can be concluded that the present analytical solution can have
profound impact on developing future studies.perature gradients and

can be used to study the flame features

B A.R. Ghahremani I H. KarimiSchool of Civil I A. Afshar
Center of Excellence in Energy Conversion, Engineering, Faculty of Engineering, Department of Civil and
School of Mechanical Engineering, Sharif University of Tehran, Tehran, Iran. Environmental Engineering,
University of Technology, Tehran, Iran. University of New Hampshire, New
P.0.Box: 11155-9567 Hampshire, USA.
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Center of Excellence in Energy Conversian,
School of Mechanical Engineering, Sharif
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m Effect of Misalignment on Liquid Sheet Break-up of

Keywords

Impinging jet
Misalignment
Liquid Sheet

Breakup

Two Impinging Jets

Liquid atomization has a broad range industrial applications. Impinging
two jets is a method to spray and liquids atomization. Ideally, two jets
collide in direct alignment, but as a result of manufacturing process,
tolerances and depreciation, there would be misalignment in impact of two
jets. In this paper, we experimentally investigated the effect of
misalignment impingment on the breakup of liquid sheet for both laminar
and turbulent jets, for Reynolds in the range of 1200-6000, and Weber in
the range 100-1000. In this experimental work, jet diameter and impinging
angle are fixed 0.41 mm and 60-deg, respectively. Skewness is made using
a micrometer moving stage for skewness between 0 to 80 percent

(0 < < 80) of the jet diameter. Shadowgraph technique is used to capture
the liguid sheet images. Skewness conducts the plane in which liquid
sheet is formed turns, so two cameras and illumination sources are used
to capture the phenomena. With two cameras it is possible to record the
liquid sheet breakup even in high amount of skewness and in condition
which two jets are turbulent and liquid sheet is tough to diagnose. It is
observed that for both laminar and turbulent jets, in general skewness
makes the liquid sheet shorter.

For turbulent jet, two breaking regimes can be observed, a liquid sheet and
a combination of liquid sheet and its non-impact jet which is discussed
carefully.
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Aerospace Engineering Aerospace Engineering Aerospace Engineering
Sharif University of Technology Sharif University of Technology Sharif University of Technology
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m Experimental and numerical study of spray characteristics of
modified bio-diesel in various fuel and ambient conditions

ETTomber In this research, a new combination of bio-diesel, molasses bio-ethanol, and

Atomization Wwater has been explored. This combination is called Modified Bio-diesel Fuel

Spray (MBF) and can be used instead of fossil fuels. To have better insight,

ChafaFte’iSt'iCS macroscopic and microscopic behaviors of MBF spray have been studied. In

S'ranL;g:g comparison with fossil fuels, MBF is better at emissions and production cost.

Bio-Diesel Moreover, high cetane number and oxygen content make MBF an interesting

fuel in internal combustion engines. Ohnesorge number and Sauter Mean

Diameter (SMD) as atomization characteristics have been investigated by

applying two-phase Eulerian-Lagrangian approach in CONVERGE software.

Employing droplets atomization physics and dimensional analysis,

Atomization Index (Al) that is the ratio of square of inertia forces to product of

viscous and surface tension forces has been studied as well. By means of

this number, level of atomization of the spray can be estimated. Results show

the indirect relation between Al number and SMD, that means increasing the

Al number leads to the lower SMD and better atomization. Ohnesorge and Al

numbers can determine atomization level of the spray while their results

come to the same conclusion. In addition, effects of fuel and ambient

temperatures on the spray have been explored and results indicate that they

do not affect seriously the characteristics of spray. Due to the similarity

between spray behavior of MBF and diesel fuel, it seems MBF can be used in

diesel engines instead, though its combustion properties should be
considered, as well

M A.R. Ghahremani I M. Saeedan I M. H. Saidi
Center of Excellence in Energy Conversion, School of Mechanical Engineering, Center of Excellence in Energy
School of Mechanical Engineering, Sharif University of Tehran, Tehran, Iran Conversion, School of Mechanical
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m Mathematical Investigation of Oscillating Flame in Non-Premixed

Keywords

Non-Premixed
Combustion
Counterflow
Vaporization

Instability

Counterflow Combustion of Particles

In this research, the influence of various effective dimensionless

numbers on initiation of instability in combustion of organic particles
is evaluated. A non-premixed counterflow combustion is considered
assuming a thin region of vaporization where lycopodium particles
are assumed as the solid fuel particles. It is assumed that particles as
fuel and air as oxidizer move toward stagnation plane from two
nozzles in the counterflow configuration. Particles initially vaporize in
order to release a specific chemical gas which then enters the
oxidation reaction process. To investigate oscillating characteristics
of flame, governing equations are rewritten in dimensionless space-
time coordinates. By solving these equations and combining them, a
new expression is obtained. Also, by solving this equation, it is
possible to predict initiation of instability in organic dust flame.
According to the obtained results, by increasing Lewis number,
threshold of instability happens earlier. Increasing wave number
causes the instability boundary to go higher. It is also concluded that
at a constant wave number, by increasing Zeldovich number, the
onset of pulsating instability could occur with a smaller Lewis number.

W Gholamreza Shahriari Moghadam , Hesam Moghadasi, Navid Malekian, Mehdi Bidabadi

School of Mechanical Engineering, Department of Energy Conversion, Iran University of Science and
Technology (IUST), Narmak, 16846-13114, Tehran, Iran

Email address(Corresponding author): hesam_moghadasi@mecheng.iust.ac.ir
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