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Abstract

A novel compressed air energy storage system integrated with combined cooling,
heating and power is proposed and investigated in this study. The system under study
uses sulfur dioxide as the working fluid under the ejector refrigeration system to
produce coolant, which has not been used in previous studies, and the waste heat is
recovered and stored in the compressed air storage device, which shows the innovative
aspect of the present study. A complete and comprehensive thermodynamic and
economic analysis is performed on the proposed system. The proposed system is
examined from different perspectives and the system performance is quantified
through output parameters. Using up-to-date cost functions, the studied system is
examined from an economic perspective to clearly demonstrate the cost-effectiveness
of the proposed system. In addition, a parametric analysis is performed to evaluate the
system behavior by changing key parameters under different operating conditions. The
results of the thermodynamic analysis indicate the optimal thermodynamic
performance of the proposed system, such that an energy efficiency of 21% and an
exergy efficiency of 55% are achieved for the studied system. In addition, an economic
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1- Introduction

The standard of living of human beings has always
depended on the amount and manner of energy use
for their activities, so that identifying energy
sources and their optimal exploitation has been
considered one of the important tools for the
development and economic self-sufficiency of each
country since the beginning of history. Energy
saving in buildings is one of the important measures
used to reduce energy shortages and further
sustainable development. The energy consumption
of ventilation duct systems has attracted much
attention. Considering the effects of energy in
various economic, industrial, political, social and
environmental areas and the need for a
comprehensive approach to this important and vital
issue, what is needed today more than ever is to
examine the role and importance of energy in the

quality of life of societies and the need to optimize
its consumption. The amount of energy
consumption in buildings is increasing every year.
On the other hand, the reduction of non-renewable
resources and the harmful effects of using fossil
fuels, such as global warming and greenhouse gas
emissions, create limitations for the energy supply
of buildings. Therefore, the use of renewable energy
sources seems essential to address the energy
demand in buildings. To achieve this, the
construction of sustainable buildings and structures
is required so that future urbanization is taken into
account by societies. The transportation of sour gas
to the refinery is a critical issue that can destroy the
inner walls of the pipes due to the presence of toxic
and corrosive hydrogen sulfide and lead to an
explosion. These losses are so significant that a
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large part of the literature and developments in
developed countries are dedicated to the
introduction of various useful corrosion control
technologies. Undoubtedly, the close and tight
relationship  between energy and industrial
development and the increase in energy
consumption and prices in recent years, on the one
hand, and the role of energy in the cost of
manufactured and industrial goods, as well as the
pressure of the economy and global trade on the
economies of countries to reduce product prices, on
the other hand, have caused the importance of
efficient energy consumption to be more important
than ever before for policymakers and managers of
economic and industrial enterprises in the country.
Early human societies met their needs using simple
and primitive tools, and the only energy they
received from nature to continue their lives was the
energy stored in food. Gradually, humanity's
familiarity with fire increased the scope of using
resources and energies available in nature by using
wood. Although humanity was aware of the
existence of fuels such as crude oil, for centuries the
main source of energy for societies was wood and
the chemical energy contained in it. After the
discovery of oil resources in the world and the
beginning of the industrialization of societies to
produce various products, which was a consequence
of industrialization, human energy needs became
much broader and included various resources such
as oil, coal, and natural gas. After two centuries of
unlimited use of oil resources and reserves, when
the life of some oil reservoirs in different regions of
the world was approaching its end and its price
increased, experts in different countries began to
think about replacing other energy carriers with
fossil fuels. However, the environmental issue has
always been raised alongside the issue of limited
fossil fuel resources. Carbon dioxide, as the largest
representative of greenhouse gases, has been
affecting the climate for more than 1000 years and,
by absorbing infrared radiation reflected by the
earth, causes global warming. This phenomenon has
affected the world in terms of climate stress, and this
may cause damages such as drought, acid rain and
rising sea levels. In this regard, many efforts have
been made, and the use of energies such as natural

gas, solar energy, wind energy, and geothermal
energy has assumed special importance and is
expanding rapidly. With the expansion of research
in the field of renewable energy sources, it is
expected that in the not too distant future, these
sources, especially in distributed energy production
systems, will gain the necessary economic
justification to replace fossil fuels. The main goal of
evaluating and investigating renewable sources is to
find a suitable and cheaper place for consumption
sources. Researchers succeeded in storing excess
electricity by using electricity generated from
renewable energies and compressing  air
underground. This method is low-cost and more
efficient than electricity storage batteries. The use
of solar panels and wind farms is increasing day by
day; but storing the energy obtained by using
renewable energies and using it in power supply
networks has become a major challenge for
scientists. European scientists have recently
succeeded in achieving a low-cost method for
energy storage. In this method, air is used to store
energy. Although scientists have been able to
partially solve the problem of storing electricity
generated using renewable energy by using flow
batteries and smart power grids, European
researchers have recently been able to create a new
technology for storing electricity using the air
compression method. In this method, which has
been around for several decades, excess electricity
is used to compress air and then the compressed air
is stored in a cave-like place underground. To use
the electricity stored by this method, called CAES,
it is enough to direct the compressed air to a gas
turbine so that the turbine can generate electricity
with its help. This method is theoretically an
efficient and practical method because it can be used
at a very low cost and is in fact the cheapest method
for storing energy. On the other hand, using this
method does not require any special geographical
conditions compared to other methods such as
creating reservoirs for hydroelectric power
generation, which must be installed in the
mountains. Traditional compressed air energy
storage uses a gas turbine to generate electricity in
the energy release phase, which not only consumes
fossil fuels, but also emits greenhouse gases.
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2- Methodology

In this study, a complete and comprehensive
thermodynamic and economic modeling of the
multiple production system has been carried out.
For modeling, EES software, which includes
functions related to thermodynamic properties, is
used. The thermodynamic equations are solved in
steady state and simultaneously. In the economic
analysis section, the cost-effectiveness of the
proposed system is evaluated by applying up-to-
date prices and cost rates. Then, a parametric
analysis is performed to evaluate the effect of
changes in functional parameters on the main
performance of the system.

3- Results

In this study, by introducing a new multi-generation
system with air energy storage combined with a
sulfur dioxide-based ejector cooling system, we
witness the optimal performance of the proposed
system. The proposed system is investigated using
energy, exergy, and economic approaches, and the
cycle carbon dioxide emissions are determined
during the operation phase. A detailed examination
of each system component is carried out to find
critical points and system defects. By changing the
design parameters, the effect of their change on the
system performance is examined in the following.
The results of the system analysis are shown in this
section. It should be noted that the thermodynamic
properties of the working fluids are calculated using
the EES software. Having the thermodynamic
properties of each flow, the system performance
indicators can be calculated. The present study
allows the simultaneous generation of electricity,
heating, and cooling, and by using a compressed air
storage device, it provides the ability to provide
energy during peak consumption times and has wide
application in residential, commercial, and
industrial places. Thermodynamic analysis of the
proposed system shows an energy efficiency of 21%
and an exergy efficiency of 55%, indicating proper
system operation and optimal arrangement of the
thermodynamic components of the system. The use

of sulfur dioxide as a working fluid allows the
maximum output power of the proposed system to
be produced by the sulfur dioxide turbine, and the
system efficiency increases significantly. To
improve the performance of the proposed system,
the maximum exergy destruction among the
thermodynamic components of the system is
calculated and by providing methods to reduce the
maximum exergy destruction in the system, the
system efficiency increases significantly. One of the
methods to reduce energy consumption and
improve the thermodynamic performance of the
multiple generation system is to increase the
maximum temperature and reduce the minimum
temperature. In the present work, to improve the
efficiency of the system, after identifying the
maximum exergy destruction among the system
components, we reduce the maximum exergy
destruction by increasing the input temperature to
the component with the highest exergy destruction,
which has a greater effect on increasing the system
efficiency compared to previous methods. The total
exergy loss of the system is calculated to be 49,189
kW, and the highest exergy loss occurs in the sulfur
dioxide turbine, and the air compressor has the
lowest exergy loss among the components of the
proposed system. To expand the application of the
proposed system in various commercial, industrial
and residential industries to provide electricity,
heating and cooling simultaneously at the point of
energy consumption and eliminate the cost of
transferring electricity from the power plant to the
point of consumption and the possibility of storing
energy and selling excess energy to the grid, which
is considered an important achievement of the
present study in the field of electricity generation
and preventing power outages during peak
consumption and sustainable power supply, a new
working fluid of sulfur dioxide is used in the ejector
cooling system and the use of thermodynamic
components with efficient and up-to-date cost
functions improves the economic justification of the
system. According to the results of the economic
evaluation of the system, the total cost of the
proposed system is calculated to be 232$/GJ and the
return on investment in the present work is 18 years,
which indicates the appropriate commercialization
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capability and high economic justification of the
present work. According to the results of the
economic evaluation of the studied system, the
ejector has the highest share of the cost rate among
the system components and the lowest cost rate in
the system belongs to the air compressor.

4- Conclusion

A novel integrated compressed air energy storage
subsystem along with a multiple generation system
based on sulfur dioxide ejector cooling system is
proposed and investigated in this study. The
proposed system is investigated using energy,
exergy and economic approaches. A detailed
investigation of each system component is carried
out to find critical points and system defects. By
changing the design parameters, the effect of their
change on the system performance is further
investigated. In the present study, by using sulfur
dioxide in the ejector cooling system, we witness an
improvement in the thermodynamic performance of
the proposed system compared to previous research
and a novel arrangement of the multiple generation
system is presented which is combined with the air
energy storage subsystem. The basic results of
thermodynamic modeling showed that the energy
and exergy efficiency of the system are 21 and 55
percent, respectively. By applying up-to-date and
efficient cost functions for the system components
and by economic analysis with assumed initial
economic data, the basic results of economic
analysis showed that the overall cost rate of the

system is calculated to be 232$ per gigajoule. The
results of the thermodynamic and economic
analysis show that the proposed system has a good
performance and is economically viable and can
take a significant step in the industrial development
and storage of waste energy of energy systems.
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Abstract

The purpose of this paper is to investigate response of a profile with a square cross
section filled with aluminum foam in single and double wall mode under lateral and
axial impact load in order to evaluating the effect of using aluminum foam on the
energy dissipation caused by the impact. First, single-walled and double-walled square
profiles simulated in CAE ABAQUS and the effect of the parameters such as aluminum
foam density, number of walls, effect of interaction between foam and wall on general
response of model, etc. examined. Then, in order to validate the simulation results, the
experimental test of lateral and axial impact using drop weigh impact test performed
and the results compared with simulation results. By performing tests and simulations,
it was found that aluminum foam has a moderate effect on the amount of crushing and
energy absorption of the structure under axial impact load, but in the case of lateral
impact, due to high brittleness, the use of foam prepared in the structure under impact
is not appropriate. Therefore, it is better to use stronger foam.
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1- Introduction

Thin wall structures are one of the most efficient
energy absorbing systems in various industries,
such as automotive, railway and military, due to
their lightness, suitable energy absorption capacity
and high energy absorption to weight ratio, in order
to protect the lives of passengers as well as
pedestrians. Pedestrians are considered during
accidents or protection of equipment and devices.

Zhang et al. [1] worked on the amount of energy
absorption in linear and tubular structures under
axial destruction. In this research, which deals with
the simulation and experimental testing of parts
with a special geometry, circular aluminum tubes
are arranged next to each other in different states
and are subjected to quasi-static load. In addition,
the weight of all samples is considered the same for
a better comparison.

Li et al. [2] worked on the energy absorption
characteristics of series structures under axial and
diagonal loads. In this research, the samples were
made by aluminum round tubes. By using these
pipes, the cross section of the structures has become
triangular, square and hexagonal. Also, by using
more pipes, the mentioned structures have been
optimized.

Ngoc et al. [3] have worked on the energy
absorption characteristics of square series structures
under axial load. The design of these structures was
inspired by the internal structure of bone and
bamboo. In this research, first the samples were
simulated by Abaqus software and then they were
verified by theoretical method.
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According to the conducted studies, in most of
them, especially in thin-walled structures, the tests
performed were quasi-static, and the response of
energy absorbers to impact has been investigated
less. Also, in the articles that have investigated the
impact test, they have focused more on the axial
impact mode. Also, the material of the examined
samples was mainly made of metal, which cannot
be used in all conditions due to the high weight and
special physical conditions of metals. However, the
case that is noteworthy in the above studies is the
lack of examination of multicellular thin-walled
structures with mesh and different geometries and
made of polymer under lateral impact load.
Therefore, in this study, this issue has been
investigated.

2- Modeling and Formulation

In this study, a total of eight thin-walled structures
made of ABS and subjected to lateral impact have
been investigated. ABS polymer has been used to
make samples by 3D printer. Also, these parts were
printed by Novin Negar Additive Manufacturing
Company and by Kitek M1 machine. These samples
were drawn under the ASTM D638 standard in
SolidWorks software and then printed. The
simulations of this project have been carried out by
Abaqus software. After the end of the simulation, by
doing independence from the mesh, the mesh with
dimensions of 0.8 mm and type S4R was selected
for different samples and the comparison of the
results of the samples with each other has been
discussed in terms of energy absorption
characteristics. For the experimental test process, a
weight drop test machine was used. In order to
perform experimental tests, at first, the set of
weights is set in such a way that their total weight is
equal to 6.615 kg. Also, the striking surface is
considered to be flat so that the force enters the
upper surface of the parts in a wide and equal
manner. Two samples were made from each of the
samples and a total of 8 tests were performed. By
this device, the command to drop the weight is sent
and the weight collides with the samples. As a
result, the amount of shrinkage due to plastic
deformation and the performance of the samples

against impact can be investigated. During the
descent of the weight, the data of the acceleration of
the weight was entered into the computer by the
sensor and the acceleration-time graph of the weight
was extracted.

10000
8000
6000
4000
2000

0

Mean Crushing
Force(N)

1HQ6 1HQ8 1HR12 1HRI16

Figure 1: The average crushing force of samples in numerical and
experimental mode.

In the experimental and numerical mode, it is related
to the 1HQG6 sample and the highest rate of efficiency is
also specific to the 1HR16 sample. Also, among the
1HR12 and 1HR16 samples, the 1HR16 sample has a
much higher efficiency, which shows that this type of
energy absorber is better than the rest is Figure 3 shows
the compression force efficiency diagram for all 4
samples.
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Figure 2: The average crushing force of samples in numerical and
experimental mode.

Crushing Force
Efficiency
© o oo
N B OO 0O

o

1HQ6 1HQS8 1HR12 1HR16

Figure 3: The efficiency diagram of the crushing force of the
samples in numerical and experimental mode.

In order to make a better comparison between
these 8 samples, it should be noted that the amount
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of length change in the amount of absorbed energy
is an effective factor, so this parameter should be
compared in equilibrium conditions for all 8
existing samples. In order to do this, considering the
minimum amount of length change that belongs to
the 1HR16 sample, the amount of length change in
which the absorbed energy is measured is
considered equal to 3.15 mm.

In these simulations, an impact with an energy of
25 joules has been applied and the amount of total
absorbed energy in all structures is more than 95%
of the applied energy. Also, according to the values
of absorption energy at a distance of x=3.15 mm,
which is in equilibrium conditions for all 8 samples,
it can be seen that sample 1HR16 is the best sample
in terms of energy absorption. Sample 1HR16 has
the highest value and sample 2H2Q8 has the lowest
average crushing force. The amount of crushing
efficiency for an ideal energy absorber is 1 (100%),
but achieving this number is very difficult. As a
result, according to the results, sample 1HR16 has
the best efficiency of crushing force among all
samples. According to the numerical and
experimental results and their interpretation, it is
clear that the sample 1HR16 is the best sample to be
used as an energy absorber. It was also observed that
with the increase in the number of houses in each
row, the energy absorption properties and
parameters improve, and in general, the rectangular
house samples are better energy absorbers than the
similar square house samples.

3- Conclusion

The purpose of this study was to investigate
numerically and experimentally the destruction of
thin-walled multi-cell quadrangular structures made
by 3D printers due to lateral impact. Below is a
summary of the results of numerical simulations and
experimental tests.

In general, and according to the results of
simulations and experimental tests, by increasing
the number of houses in each sample and reducing
the wall thickness of the samples in order to keep
the weight, the amount of energy absorption, the
average crushing force and the efficiency of

crushing force increases. Also, the amount of
change in length and shrinkage of each sample
decreases with the increase in the number of houses.

Considering that the rectangular house samples
were created by adding a horizontal reinforcement
to the square house samples, it can be seen that the
amount of energy absorption in the equilibrium
distance, the average crushing force and the energy
efficiency The flattening of rectangular samples,
like any square sample, has increased.

By increasing the number of square houses from
6 to 8, the amount of energy absorption has
increased by 5%, the average crushing force has
increased by 15%, and the crushing force efficiency
has increased by 30%.

By increasing the number of rectangular houses
from 12 to 16, the amount of energy absorption has
increased by 16%, the average crushing force has
increased by 35%, and the crushing force efficiency
has increased by 47%.

By converting a sample of 6 square houses to a
sample of 12 rectangular houses, the average
crushing force increases by about 7% and the
efficiency of crushing force increases by 20%.

By converting a sample of 8 square houses to a
sample of 16 rectangular houses, the average
crushing force increases by 30% and the crushing
force efficiency increases by 37%.

By adding inner layers to the samples, the values
of energy absorption parameters decrease.

The smaller the amount of shrinkage (change in
length) of the sample under impact, the greater the
maximum shrinkage force and resistance of the
sample to impact. According to these points and
results, it is obvious that sample 1HR16 is the best
energy absorber among these samples.
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Abstract

The absorber tube is the main part of the solar collectors which its appearance and
operational characteristic can play key role in absorbing of solar irradiation amounts.
Researchers have proposed various offers to improve the solar collector performance
such as inserting a turbulator in the absorber tube and using of nanofluid (especially
hybrid nanofluids) instead of simple working fluid. In present study, the various shapes
of turbulators proposed by the researchers have been reviewed. Turbulators can be
classified according to their shapes. In the first category, turbulency in fluid flow is
made by providing ribs or corrugations on the inner wall of absorber tube. But in the
second category, external obstacles can be inserted in the absorber tube to improve its
performance. Most literatures disscused about the second category of turbulators. By
comparing the hydrothermal performance between the smooth absorber tubes with
the improved one, it can be concluded that addition of turbulator enhances the thermal
properties of all collector types up to 82%. The turbulators can increase the pressure
drop and friction factor due to its operation as an obstacle in the fluid flow. Also, the
use of nanofluids (especially hybrid nanofluids) beside the turbulators can improve the
collector’s performance. However, several characteristics such as the concentration of
nano particles, different kinds of hybrid nano fluid and collectors, the various shapes
of the turbulator, etc., are all effective parameters on the collector performance.
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1- Introduction

Iran is one of the high solar potential regions in the
world, which has 290 sunny days and received daily
solar radiation up to 4.5 -5.5 kWh/m”2. Due to
deterioration of fossil fuels, the use of renewable
energy sources has been extensively taken into
account. Solar energy is one kinds of renewable
energies with widely extensive distribution in the
world. The absorber tube is the essential part of
solar collector that must absorbs the solar radiation
and its performance quality can affect on solar
collector operation. To improve the absorber tube
performance, various solutions have been proposed
in the literatures for example replacing numerous
tubes instead of a large diameter tube, using various
working fluid such as mono and hybrid nanofluids
to solve the existing problems (e.g., absorbing the

whole of radiation band and overcoming to fluid
instability at high temperatures). Sloping the solar
collector to receive more solar radiation is another
solution was performed by authors. One of the most
frequent solutions is increasing the heat transfer
surface by using turbulators, which can cause the
turbulency in flow and so can improve the
performance of the absorber tube in solar collectors.
Turbulators have different types and cross section
shapes. In the current study, various shapes of
turbulator have been categories and numerous
studies, which have worked on them, are reviewed.
Next, the effect of nanofluids (especially hybrid
kinds) beside the turbulator in improving the
absorber tube performance has been investigated in
previous studies.
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2- Design and Methodology

Several studies have been focused on using the
turbulators in absorber tubes of solar collectors.
Turbulators are classified into two general types. In
the first category, a type of turbulator is
investigated, which waves, ribs, dimples or making
corrugation in inner wall of tube are made. But in
the second category, by placing an obstacle or
foreign device inside the tube, vortex or disturbance
is created in the fluid flow. Researchers have
studied various parameters including the effect of
using turbulators with different shapes, various
working fluids (simple working fluids, mono and
hybrid nano fluids) in collectors, the range of
different Reynolds numbers and Nusselt number or
etc. In existed review articles on mentioned field,
any of these parameters were discussed lonely. The
research gap in this field is reviewing the
simultaneous using of both turbulator and
nanofluids (especially hybrid) effects on the
absorber tube performance in literatures which
current study pay attention to that. Another
innovation of this study is presenting two overview
tables with two parameters of performance
evaluation criteria (PEC) and the range of
investigated Reynolds number. It can be useful in
the real applications of industries used solar
collectors (e.g., seawater desalination, air heating,
power plants, refrigeration, etc.) provide useful and
accurate information to users.

The main detailed and extensive classification of
turbulators used in the studies, could be represented
as following bullets:

e Longitudinal turbulators with a rectangular,
triangular, trapezoidal cross-section, etc.. As
the results in this category, the fins with a
rectangular cross-section had caused more
improvement on heat transfer.

e Creating dimples or protrusion to make
turbulency in the flow. The results indicated the
turbulator of dimple kind has a better
performance than protrusion kind.

o Ribbed, pin-shaped and circular turbulators. In
general, placing the turbulator in the lower half

of the absorber tube produces more flow
turbulence and improves performance.

e Twist or screw taps or coil-wire inserts, which
occupied a large group of studies. It was proved
that the coil type turbulator was better than the
twist/screw type to improve the performance.
The effectiveness of twist inserts depends on
several characteristics, such as spiral angle,
screw ratio, etc. which can improve the
collector performance by 45.04% and 74.42%.

e Turbulators from the porous disks and porous
medium kinds, with effective parameters such
as the distance and dimensions of the disks, the
number of holes which have also been effective
in the amount of their impact on the collector
performance.

3- Discussion and Results

Recently, hybrid nanofluids have been taken into
account due to their ability to act in wide
temperature range and solving the mono nanofluid's
instability problems. Many studies showed that
replacing the simple working fluid with nanofluids,
both single and hybrid nanofluids, can lead to an
increase in the thermal efficiency of the collector up
to 26.3%. Various parameters such as the nanofluid
kind, concentration and mixing percentage of
nanoparticles have been evaluated on the solar
collector performance. In general, enhancing the
volume fraction of nanoparticles and Reynolds
number caused increases in Nusselt number, friction
coefficient and PEC. According to the researchers'
results, increasing the  concentration of
nanoparticles and its hybridization and increasing
the penetration depth improved the radiation
properties and its absorption efficiency up to 90%.
On the other hand, using of both nanofluid and the
turbulator in absorber tube could improve the
Nusselt number and of course increased the friction
coefficient. Also, they caused the placement of the
vortex generators (horizontal, vertical and cross)
changed in the PEC. The improved performance
rate by using the hybrid nanofluid, the shape of the
turbulator, and the hydrodynamic conditions are
investigated in current study. As the results, not only
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the use of hybrid nanofluid can improve the thermal
and optical properties (improving optical efficiency
by 78.1% and increasing the temperature difference
between the inlet and outlet of the fluid by 56%),
but also it leads to economic savings and reducing
the collector surface by 36% as well as the
emissions carbon dioxide and payback period up to
36.2%.

To evaluate the solar collector performance, a
balance should be established between the thermal
characteristics improvement and the energy
required for pumping fluid. For this purpose, the
Performance Evaluation Criterion Index (PEC) has
been used to examine the solar heat exchanger
performance and to determine the actual heat
transfer development in previous studies using
turbulator and with/without nanofluid. In practice,
this power is related to the work required to pump
the fluid (W,) to the third power of the volumetric
flow rate (W3). In the reference condition, PEC is
equal to one. For other states, it can have values
greater or less than one. When it is higher than one,
the investigated condition is assumed to be
beneficial and the thermal enhancement is higher
than the previous value. When PEC is less than one,
the pressure drop is less than one. In present study,
PEC is listed in a table by changing in the other
parameters namely the shape and type of the
turbulator and the working fluid kind. Also, another
table is presented in which studies, considered the
types of turbulators with nano fluid in the absorber
tube of solar collectors, are listed. In this table, in
addition to the collector and turbulator kinds, used,
the nanofluid kind are also mentioned as well as the
studied Reynolds number range and the results of
the research are also briefly presented.

4- Conclusion

In general, it can be concluded that the improvement
amount of the collector’s performance by using the
turbulator and hybrid nanofluid depends on several
factors such as the collector type, the mass flow rate
range of the fluid flow and the Reynolds number,
the shape of the turbulator, the nanofluid kinds and
its volume fraction. As the results, by increasing the

fin's numbers, a more effective improvement is
achieved in thermal and exergy performance criteria
and PEC, until about 234.7% and 19.7%. Likewise,
the decrease in entropy production had also reached
up to 311.7%.
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2 Semi-Annular Metal foam
3 Fin shape Metal foam

1 Semi-Annular and Fin shape Metal foam
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Abstract

In this study, the turbulent flow behavior in a horizontal channel containing elliptical
cylinders with aspect ratio 0.45 and 0.5 and Reynolds number 5000 has been studied.
Also, by using the finite element method to solve heat and fluid equations, the effect of
parameters such as heat transfer rate, Nusselt number, temperature distribution and
velocity distribution on fluid flow has been investigated. The results of this study show
that the presence of cylinders increases the vortices and changes the flow patterns from
symmetrical to asymmetrical. Also, as the Reynolds number increases, the flow
becomes increasingly turbulent and the rotating mechanics of the cylinders contribute
to a different distribution of temperature and velocity. In the investigation of the flow
around elliptical cylinders, it has been observed that the temperature maximum point
occurs between the third and fourth cylinders in the case of constant properties and
behind the fifth cylinder in the case of variable properties. Also, the fluid velocity has
a greater effect on the heat transfer rate than the heat exchange surface. Reducing the
aspect ratio leads to a decrease in the amount of heat transfer in the turbulent flow,
and the temperature contours in this flow are more uniform, which is due to the mixing
and transverse vibrations of the turbulent flow. These findings can help to improve the
design of heat transfer and flow control systems in engineering applications.
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1- Introduction

The results and discussions section provides a
comprehensive analysis of the simulation outcomes.
It is noteworthy that non-dimensional time is
employed in this study to standardize results and

elliptical cylinder arrangement on turbulent flow
and heat transfer within the channel.

According to the findings, the highest temperature

facilitate direct comparison between different
conditions. By non-dimensional time, the effects of
time and velocity measurement units are
neutralized, making the simulation results
comparable. Time is defined as a non-dimensional
variable using the equation where t represents real-
time in seconds, Uco is the free-stream velocity in
m/s, and L is the channel length in meters. The
selected time intervals range uniformly from t=0 to
t=1 second, chosen to effectively capture the
dynamic temperature changes and the effects of

point under constant properties was found between
the third and fourth cylinders, whereas variable
property considerations indicated this peak
occurring behind the fifth cylinder. It was observed
that the fluid velocity exerted a more profound
impact on the heat transfer rates compared to the
heat exchange surface area. A notable decrease in
the aspect ratio resulted in an overall reduction of
heat transfer significantly within the turbulent
regime; however, the temperature contour displayed
a more uniform distribution due to the mixing and
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crossflow oscillations prevalent in turbulent flows.
The analysis of the results yielded from simulations
demonstrated that the configuration of the elliptical
cylinders considerably influenced the
characteristics of turbulent flow and heat transfer
efficiency within the horizontal channels. Notably,
the aligned arrangement of cylinders led to
increased interactions and mixing, resulting in the
highest heat transfer coefficients. In contrast, more
arbitrary arrange bearings exhibited lower thermal
performance, underpinning the critical role of
geometric configuration within turbulence.

2- The problem study

In the turbulent flow scenario with an aspect ratio
of 0.5, dynamics showcased significant variations.
A Reynolds number set at 5000 established a state
of fully turbulent flow, prompting an examination
of how the arrangement of elliptical cylinders
impacted the formation of vortices, lift coefficients,
local and mean Nusselt numbers, as well as
temperature and velocity distributions over time.
The simulation yielded distinct velocity contour
variations reflecting a non-symmetrical flow due to
the dominance of inertial forces over viscous forces,
thereby fostering the occurrence of flow separation.
The velocity contour results indicated the highest
velocity beneath the fifth cylinder, marked by
increased vortex formation, which correlates with
the dynamic increase in fluid speed and the
diminishing influence of viscous forces leading to
flow separation. This distribution revealed a stark
contrast behind the cylinders where velocity
significantly decreased, attributed to the pressure
drops and drag forces generated.

3- Result

The findings further emphatically illustrated that, as
the Reynolds number rose, the flow transitioned
from a temporarily symmetrical state to an unsteady
and asymmetric behavior behind the cylinders.
Notably, low Reynolds numbers yielded
symmetrical vortex formations, but as values
increased, vortices transitioned into a turbulent
chaotic state. Furthermore, the interactions due to
cylinder rotations and increased spacing resulted in
diminished fluid speeds in certain regions,

particularly between the fourth and fifth cylinders,
with a minimal overall impact on heat transfer rates,
as the reductions in speed were not sufficiently
substantial to alter thermal dynamics significantly.
In contrast, when assessing turbulent flow within a
channel using an aspect ratio of 0.45, a comparative
examination concerning heat transfer parameters—
such as temperature distribution, Nusselt numbers
(local and averaged), and fluid velocity
distribution—was executed. Although the Reynolds
number remained fixed at 5000, outcomes indicated
that increasing this dimensionless number mitigated
some aspect ratio influences. In broad strokes,
parameters such as speed, temperature distribution,
and Nusselt numbers were diminished compared to
the 0.5 aspect scenario, revealing that the rotary
motions of the cylinders adversely influenced the
flow dynamics behind subsequent cylinders.

Evidently, the investigation into the turbulent
flow indicated that increased velocity engendered
flow separation over the cylinder clusters, leading to
the formation of larger vortices. However, cylinder
rotations and spacing inversely correlated with flow
speed, resulting in smaller vortices and reduced
turbulence, thereby lessening heat transfer rates due
to diminished momentum exchange across fluid
layers. The aspect ratio of 0.45 emerged as a
geometric parameter significantly shaping flow
patterns and vortex formations. The temperature
distribution in a turbulent regime also demonstrated
elevated heat transfer rates compared to steady-state
conditions. However, this was less pronounced
when set against the 0.5 aspect ratio scenario,
showcasing how the flow behind cylinders was
influenced adversely by the lower aspect ratios
considered. In summary, changes in the aspect
ratios meticulously affected flow fields and thermal
dynamics, paving the path for optimization in the
design of cooling channels and heat exchanger
systems. The findings indicate that the interplay
between geometric shapes, arrangements, and flow
conditions are pivotal in determining heat transfer
efficiency across engineering  applications,
underscoring the importance of optimizing aspect
ratios for enhanced thermal performance. Thus,
investigation of turbulent flows around elliptical
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cylinders in a controlled environment delineates
critical insights underlying the importance of
geometry in fluid dynamics and heat transfer
evaluations. The cascading effects of aspect ratios
and Reynolds number influence significantly
necessitate further studies aimed at comprehensive
understanding and application in engineering
designs. The overall revelations from the present
study contribute invaluable knowledge to the
ongoing efforts in optimizing thermal systems,
ultimately enhancing the functionality and
efficiency in various practical settings across
industrial domains.
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Virk(1970) Nu=05pe? 59.58
Dogals &
Churchill(1956) Nu=046Re™ +0.00128Re 59.80
Churchill & ngmetp [0 (R |
Nu=03+ S| 4 =2
BrenStein(1977) (0 4 l-SlOOO) 33.63
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O q Ao)
McAdams(1954) Nu =024Re*® 60.29
Reither(1925) Nu =0.35Re’® 60.82

, Nu=0609Re™  Re <4000
Hilpert(1933) 51.05
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Re(1)=5000 Time=1s Surface: spf2.U/U_mean (1)
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Re(1)=5000 Time=0.5s Surface: spf2.U/U_mean (1)

Re(1)=5000 Time=0.7 s Surface: spf2.U/U_mean (1)
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Re(1)=5000 Time=0.6 s Surface: spf2.U/U_mean (1)

Re(1)=5000 Time=0.8 s Surface: spf2.U/U_mean (1)
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Re(1)=5000 Time=4.9 s Surface: spf2.U/U_mean (1)
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Re(1)=5000 Time=4.7 s Surface: Temperature (K)
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Re(1)=5000 Time=4.9 s Surface: Temperature (K)
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Abstract

Mechanical filtration of solid and liquid phases with the help of centrifuge mechanism
is a common operation in industries particularly for salt dehydration. The process is
mainly based on the centrifuge action between particles and fluids. Currently most of
the studies have been performed on single-stage centrifuges while there it is required
to know and analyze the behavior of the multi-stage pusher centrifuges in order to
optimize their efficiency. The structure and dynamic performance of the two-stage
pusher centrifuge device has been analyzed in the current study in three phases: modal,
particle behavior, and transient state dynamics analysis. The results of the modal
analysis have demonstrated that the safety margin obtained in the context of the
resonance occurrence for the internal basket set and subset due to linear and rotational
inertial forces has been 40%. Based on the results of the transient dynamics analysis,
the stability of the particle behavior has been about 5.5 s or 68% of the particle feeding
time, the maximum displacement at the critical point of the inner basket subset has
been 0.51 mm, and the critical stress value has been about 27 MPa; which has been
acceptable in terms of mechanical strength of the assembly versus the stresses and
strains caused by the operation of the device. Thus, it is recommended based on the
results to maintain the maximum rotational motion (36.68 rad/s) and no significant
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change in the particle feeding rate compared to the specified value (0.56 kg/s).
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1- Introduction

Mechanical filtration of solid and liquid phases is a
common operation in industries including chemical,
pharmaceutical, wastewater treatment, and food
industries (Ergun & Orning, 1949). In this regard,
centrifuges are used for a wide range of
applications, the most common of which is related
to dewatering (Leung, 1998). Pusher centrifuge
device is used for dewatering, drying and separating
materials  (fibers, crystals and powders)
continuously. Input mixture enters the centrifuge
through the feed pipe and is distributed uniformly
inside the centrifuge basket when it goes to the
distributor.

Currently different theoretical researches have
been done on two-stage pusher centrifuges. The
main reason for this issue is the complexity and
variety of centrifuge separation processes. Mainly,

the inability to determine the dimensions, shape,
and movements of particles accurately due to the
irregular conditions created on them, makes
complex mathematical problems. This issue leads to
difficulties in conducting theoretical studies of this
process. On the other hand, parameter optimization
based solely on experimental tests is not very
reliable and costly. Therefore, in order to determine
the laws governing fluid flow in the centrifuge
process, appropriate mathematical models can be
developed (Wang, Brannock, Cox, & Leslie, 2010).

In the present study, the analysis of the structure
and dynamic performance of the two-stage pusher
centrifuge device has been demonstrated. In this
regard, the simulation task has been considered for
the subsets of the inner basket, the outer basket, and
the feeding chamber in three phases: modal
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analysis, particle behavior analysis, and transient
state dynamics analysis. Finite element analysis
results have been analyzed and compared with the
experimental results.

2- Methods
2-1-Simulations

In order to perform modal analysis in the software,
boundary conditions and connections were applied
on the set and members according to Fig. 1. The
material used for the members was stainless AlSI
304.

D> SA-Basket2
SA-Basket 1

Boundary condition 3: Fixed

& Rotating disk

’-' Connection 2: Fixed

Fig. 1: Schematics of the model used for modal analysis; The cut
view of the model along with the display of connections and
boundary conditions (The wedge-wires are depicted in a simple
form for simplicity of the display.)

In order to apply the dynamic stress distribution
obtained from the particle behavior analysis section,
time-stress distribution functions were defined in
the form of tabular functions

3- Results and Discussion

The results obtained in this section include the
relative displacements caused in the parts and the
calculation of their natural frequency. In order to
interpret the results of the modal analysis, the
natural frequencies of the set and the subset of the
inner basket have been compared with the normal
working vibration frequency of the device. Then the
resonance phenomenon for the critical mode has
been investigated. The critical mode was assumed
as the mode in which the maximum displacement
has occured. Also, a comparison has been made

between the natural frequency of the set and the
subset of the internal basket.

According to the rotational speed of the device
(36.65 rad/s), it can be concluded that the normal
working vibration frequency of the device is 5.83
Hz. According to the results the natural frequencies
of the modes are different from the normal working
vibration frequency of the device. Thus, the
probability of the resonance phenomenon is
negligible for the set. The stress distribution and
displacement results have been specifically
discussed here. It should be noted that displacement
in transient state dynamic analysis has been about
the differential displacement, while kinematic
displacement and motion analysis haven’t been
directly analyzed here.

_Max 1.00006+00 mm]
S

Mo 19148¢-02 {mm]

Design study 1| Modal 1

Fig. 2: The result obtained from the modal analysis performed on
the assembly in mode 1 in the form of the color contour of the
relative maximum displacement

4- Conclusions

In this study, the structure and dynamic
performance of the two-stage pusher centrifuge
were analyzed. In this regard, the simulation process
was done in three phases: modal analysis, particle
behavior analysis, and transient state dynamics
analysis. Based on the results, the stability of the
particle behavior was about 5.5 s or 68% of the
particle feeding time, the maximum displacement at
the critical point of the inner basket subset was 0.51
mm, and the critical stress on it was about 27 MPa;
which means the acceptable mechanical strength of
the assembly versus the stresses and strains caused
by the operation of the device. What can be inferred
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based on the results of the analysis was the
recommendation to maintain the maximum
rotational motion (36.68 rad/s) and no significant
change in the particle feeding rate compared to the
specified value (0.56 kg/s).
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2 Euler-Lagrange

! Computational fluid dynamics (CFD)
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3 Transient dynamic analysis

! Eulerian method
2 Modal analysis
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3 Discrete element method (DEM)
4 Multi body dynamics (MBD)

! Multi flexible body dynamics (MFBD)
2 Computational fluid dynamics (CFD)
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Abstract

The aim of this research is to produce a copper alloy matrix composite reinforced with
micron diamond particles and to investigate the mechanical properties of this
composite. One of the most important issues in the manufacture of this type of
composite is to optimize the strength of diamond particles in the metal matrix and the
intended wear properties of this type of composite. The composite powders were
produced using high-energy (abrasive) milling and hot-press sintering. In order to
investigate the flexural strength, hardness and wear properties, samples were
manufactured by adding different metals to the matrix, different milling conditions
and different hot-pressing parameters. The aim of this research is to produce a copper
alloy matrix composite reinforced with micron diamond particles and to investigate the
mechanical properties of this composite. One of the most important issues in the
manufacture of this type of composite is to optimize the strength of diamond particles
in the metal matrix and the intended wear properties of this type of composite. The
composite powders were produced using high-energy (abrasive) milling and hot-press
sintering. In order to investigate the flexural strength, hardness, and wear properties,
samples were fabricated by adding different metals to the matrix, using different
milling conditions, and using different hot pressing parameters.
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1- Introduction

Thin wall structures are one of the most efficient
energy absorbing systems in various industries,
such as automotive, railway and military, due to
their lightness, suitable energy absorption capacity
and high energy absorption to weight ratio, in order
to protect the lives of passengers as well as
pedestrians. Pedestrians are considered during
accidents or protection of equipment and devices.

Zhang et al. [1] worked on the amount of energy
absorption in linear and tubular structures under
axial destruction. In this research, which deals with
the simulation and experimental testing of parts
with a special geometry, circular aluminum tubes
are arranged next to each other in different states

and are subjected to quasi-static load. In addition,
the weight of all samples is considered the same for
a better comparison.

Li et al. [2] worked on the energy absorption
characteristics of series structures under axial and
diagonal loads. In this research, the samples were
made by aluminum round tubes. By using these
pipes, the cross section of the structures has become
triangular, square and hexagonal. Also, by using
more pipes, the mentioned structures have been
optimized.

Ngoc et al. [3] have worked on the energy
absorption characteristics of square series structures
under axial load. The design of these structures was
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inspired by the internal structure of bone and
bamboo. In this research, first the samples were
simulated by Abaqus software and then they were
verified by theoretical method.

According to the conducted studies, in most of
them, especially in thin-walled structures, the tests
performed were quasi-static, and the response of
energy absorbers to impact has been investigated
less. Also, in the articles that have investigated the
impact test, they have focused more on the axial
impact mode. Also, the material of the examined
samples was mainly made of metal, which cannot
be used in all conditions due to the high weight and
special physical conditions of metals. However, the
case that is noteworthy in the above studies is the
lack of examination of multicellular thin-walled
structures with mesh and different geometries and
made of polymer under lateral impact load.
Therefore, in this study, this issue has been
investigated.

2- Modeling and formulation

In this study, a total of eight thin-walled structures
made of ABS and subjected to lateral impact have
been investigated. ABS polymer has been used to
make samples by 3D printer. Also, these parts were
printed by Novin Negar Additive Manufacturing
Company and by Kitek M1 machine. These samples
were drawn under the ASTM D638 standard in
SolidWorks software and then printed. The
simulations of this project have been carried out by
Abaqus software. After the end of the simulation, by
doing independence from the mesh, the mesh with
dimensions of 0.8 mm and type S4R was selected
for different samples and the comparison of the
results of the samples with each other has been
discussed in terms of energy absorption
characteristics. For the experimental test process, a
weight drop test machine was used. In order to
perform experimental tests, at first, the set of
weights is set in such a way that their total weight is
equal to 6.615 kg. Also, the striking surface is
considered to be flat so that the force enters the
upper surface of the parts in a wide and equal
manner. Two samples were made from each of the
samples and a total of 8 tests were performed. By
this device, the command to drop the weight is sent

and the weight collides with the samples. As a
result, the amount of shrinkage due to plastic
deformation and the performance of the samples
against impact can be investigated. During the
descent of the weight, the data of the acceleration of
the weight was entered into the computer by the
sensor and the acceleration-time graph of the weight
was extracted.

3- Results

1HR16 sample has the highest amount of energy
absorption in the equilibrium distance (at x=3.15
mm in numerical mode and at x=2.88 mm in
experimental mode). Also, sample 1HQG6 has the
lowest amount of absorbed energy in the
equilibrium distance in numerical mode and sample
1HR12 has the lowest value in experimental mode.
Considering that samples 1HQ6 and 1HQ8 have
sguare houses and samples 1HR12 and 1HR16 also
have rectangular houses, the amount of energy
absorption in the equilibrium distance in the
experimental state for sample 1HQ8 is 5% more
than the sample is 1HQ6 and the sample 1HR16
absorbs 33% more energy than the sample 1HR12.
In numerical mode, samples 1HQ8 and 1HR16 have
more energy absorption.

In order to make a better comparison between
these 8 samples, it should be noted that the amount
of length change in the amount of absorbed energy
is an effective factor, so this parameter should be
compared in equilibrium conditions for all 8
existing samples. In order to do this, considering the
minimum amount of length change that belongs to
the 1HR16 sample, the amount of length change in
which the absorbed energy is measured is
considered equal to 3.15 mm.

In these simulations, an impact with an energy of
25 joules has been applied and the amount of total
absorbed energy in all structures is more than 95%
of the applied energy. Also, according to the values
of absorption energy at a distance of x=3.15 mm,
which is in equilibrium conditions for all 8 samples,
it can be seen that sample 1HR16 is the best sample
in terms of energy absorption. Sample 1HR16 has
the highest value and sample 2H2Q8 has the lowest
average crushing force. The amount of crushing
efficiency for an ideal energy absorber is 1 (100%),
but achieving this number is very difficult. As a
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result, according to the results, sample 1HR16 has
the best efficiency of crushing force among all
samples. According to the numerical and
experimental results and their interpretation, it is
clear that the sample 1HR16 is the best sample to be
used as an energy absorber. It was also observed that
with the increase in the number of houses in each
row, the energy absorption properties and
parameters improve, and in general, the rectangular
house samples are better energy absorbers than the
similar square house samples.

4- conclusion

The purpose of this study was to investigate
numerically and experimentally the destruction of
thin-walled multi-cell quadrangular structures made
by 3D printers due to lateral impact. Below is a
summary of the results of numerical simulations and
experimental tests.

¢ In general, and according to the results of
simulations and experimental tests, by
increasing the number of houses in each
sample and reducing the wall thickness of
the samples in order to keep the weight, the
amount of energy absorption, the average
crushing force and the efficiency of
crushing force increases. Also, the amount
of change in length and shrinkage of each
sample decreases with the increase in the
number of houses.

o Considering that the rectangular house
samples were created by adding a
horizontal reinforcement to the square
house samples, it can be seen that the
amount of energy absorption in the
equilibrium distance, the average crushing
force and the energy efficiency The
flattening of rectangular samples, like any
square sample, has increased.

e By increasing the number of square houses
from 6 to 8, the amount of energy
absorption has increased by 5%, the
average crushing force has increased by
15%, and the crushing force efficiency has
increased by 30%.

e By increasing the number of rectangular
houses from 12 to 16, the amount of energy
absorption has increased by 16%, the
average crushing force has increased by
35%, and the crushing force efficiency has
increased by 47%.

¢ By converting a sample of 6 square houses to
a sample of 12 rectangular houses, the
average crushing force increases by about
7% and the efficiency of crushing force
increases by 20%.

¢ By converting a sample of 8 square houses to
a sample of 16 rectangular houses, the
average crushing force increases by 30%
and the crushing force efficiency increases
by 37%.

e By adding inner layers to the samples, the
values of energy absorption parameters
decrease.

o The smaller the amount of shrinkage (change
in length) of the sample under impact, the
greater the maximum shrinkage force and
resistance of the sample to impact.
According to these points and results, it is
obvious that sample 1HR16 is the best
energy absorber among these samples.
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Abstract

The application of the low temperature combustion (LTC) technology improves the
performance and emission characteristics of the engine. However, the most important
challenges regarding the integration of this technology in mass-production engines are
the limited operating range and uncontrollability. To get the utmost from LTC
advantages it is possible to use the diesel combustion in load points undeliverable by
LTC. Experimental study in this research on a diesel engine reveals that the change in
fuel injection timing from 176 to 2 CAD, bTDC (crank angle degrees before top dead
center) leads to the combustion regime change. Fuel injection near top dead center
from 11 to 2 CAD,bTDC, resulting in the dependence of the injection and combustion
processes, leads to the diesel combustion. In this region, the combustion sensitivity as a
measure of fuel injection timing on combustion timing is between 1.2 to 1.3. Advancing
the injection to early timings in the compression stroke from 86 to 176 CAD, bTDC
and providing enough time for the complete mixing of the fuel and air, yields HCCI
combustion having almost zero combustion sensitivity. The fuel injection timing
between these ranges, resulting in a mixture which is neither fully homogeneous nor
fully stratified, leads to the PPC. In this region, the combustion sensitivity is between
0.1t00.2.
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1- Introduction

Nowadays, due to the role of internal combustion
engines in fossil fuel consumption and
environmental pollution, the desire for this type of
powertrain is being decreased. Especially in the
automotive sector, vehicles that use internal
combustion engines are being replaced by electric
vehicles, including fully electric vehicles and hybrid
vehicles. In order to maintain the presence of
internal combustion engines, at least in hybrid
vehicles, solutions must be found to overcome their
challenges. Therefore, researchers in industry and
academia must find solutions to overcome the
challenges and disadvantages that accompany
internal combustion engines. For this reason,

traditional internal combustion engines are being
modified and new combustion technologies have
emerged.

Low temperature combustion, is the spontaneous
combustion of a homogeneous (fully premixed) or
partially premixed fuel-air mixture without any
external ignition initiation mechanism. It allows
simultaneous reduction of fuel consumption and
emissions. Moreover, it makes it possible to
substitute the fossil fuel with alternative fuels.
Therefore, applicable integration of this concept in
the engine cycle can greatly reduce the risk of
internal combustion engines being rejected in the
future of prime movers. Although low temperature
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combustion engines show significant advantages,
they are accompanied with some disadvantages
which makes them a risky solution for mass-
production  engines.  Reactivity  controlled
compression  ignition,  partially  premixed
combustion and homogeneous charge compression
ignition are three main types of low temperature
combustion engines. In homogeneous charge
compression ignition combustion engines, the
homogeneous fuel-air mixture presents in the
combustion chamber prior to the start of the
combustion and the auto ignition of the charge due
to the increase in pressure and temperature of the
charge resulted from the piston movement governs
the combustion process initiation. Therefore, there
is no external control over the combustion process.
This is the main challenge of the applicable
utilization of the concept in engines.

Some researchers tried to modify the
homogeneous charge compression ignition concept
to overcome the problem of the uncontrollability.
Therefore, partially premixed combustion and
reactivity  controlled  compression  ignition
combustion strategies are proposed. The idea
behind these alternative low temperature
combustion concepts is that the main contributor to
the problems with the homogeneous charge
compression ignition combustion is resulted from
the homogeneity of the charge. Hence, the
combustion of a fully homogeneous charge should
be avoided. Therefore, the proposed alternative
concepts reduce the amount of the homogeneity
level of the charge for the sake of finding some kind
of control over the auto ignition and to yield milder
combustion. The homogeneous charge preparation
in the homogeneous charge compression ignition
concept can be done in two ways. It is either by
mixing the fuel and air before the entrainment into
the combustion chamber or by the direct injection of
the fuel early enough to make an in-cylinder
homogeneous mixture due to the evaporation of the
injected fuel and charge motion within the
combustion chamber. In the partially premixed
combustion, the fuel is directly injected into the
cylinder but the injection timing is neither too early
(as occurs in the direct injection homogeneous

charge compression ignition concept) to produce the
desirable level of non-homogeneity nor too late (as
occurs in the direct injection diesel combustion) to
prevent highly stratified charge. This transient
combustion concept makes it possible to have some
kind of control over the combustion process
although not a control knob as in the controlled
combustion of the diesel concept. The reactivity
controlled compression ignition combustion uses
the difference in the reactivity of the entrained fuels
as a strategy to control the combustion process.
Although partially premixed combustion and
reactivity controlled compression ignition improve
the controllability of the combustion and vyield
milder combustion, they still cannot cover the whole
load range of the operational engine. Therefore,
another combustion strategy should be added for the
ratings which cannot be obtained by the low
temperature combustion. In order to use this
configuration for mass-production engines, they
should have similarities as much as possible. One
possible range extension strategy is the combination
of different combustion concepts having similarities
in the fueling system. Therefore, diesel, partially
premixed combustion and direct injection
homogeneous charge compression ignition
combustion strategies can be utilized to this end.
They can deliver the whole required ratings by
optimum performance and emission characteristics
while using the same fuel injection system and the
direct injection homogeneous charge compression
ignition is the core combustion concept in this
method.

2- The Problem Study

In this study, the effect of fuel injection timing on
the combustion regime of internal combustion
engines that utilize direct fuel injection into the
combustion chamber is investigated. The two
general combustion technologies that are studied
included diesel combustion and low-temperature
combustion. The distinction between these two
types of combustion technologies is the level of time
dependence of the fuel injection and combustion
phenomena.
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In diesel combustion, there is a high dependence
between these phenomena; while in low-
temperature combustion, these two phenomena are
fully separated in terms of time window.

3- Results and Discussion

The two types of low-temperature combustion that
are investigated in this study are partially premixed
combustion and homogeneous charge compression
ignition combustion. The difference between these
two types of low-temperature combustion is the
level of homogeneity of the fuel-air mixture before
combustion  begins. In partially premixed
combustion, despite proper mixing of fuel and air
before the start of combustion, there is some local
stratifications in the combustion chamber, while in
homogeneous charge compression ignition
combustion, this factor can be ignored and the fuel
and air mixture in the combustion chamber is
considered completely homogeneous. In summary,
the results of this study can be summarized as
follows:

1. Fuel injection near top dead center and the
time dependence of injection and
combustion phenomena lead to diesel
combustion. By advancing fuel injection to
early timings in the compression stroke and
allowing sufficient time for homogeneous
mixing of fuel and air, compression ignition
combustion of a homogeneous mixture is
achieved. Fuel injection timing between
these two ranges, where the mixture is
neither completely homogeneous nor
completely stratified, leads to nearly
premixed combustion.

2. In diesel combustion, there is a close
relationship between fuel injection and
combustion. In this mode, the combustion
of fuel-rich spots starts together with fuel
injection. Therefore, the ignition delay is
relatively low and the time of fuel injection
does not have much effect on it. In low-
temperature combustion, advancing fuel
injection leads to increase in the ignition
delay, increase in the available time for

mixing fuel and air, and separation of
injection and combustion phenomena.

3. In diesel combustion, the high value of the
ignition sensitivity parameter indicates the
high sensitivity of the combustion timing to
the time of fuel injection. In homogeneous
charge compression ignition, the value of
this parameter is negligible and close to
zero. In partially premixed combustion, the
amount of this parameter is between these
two limits and it is decreased by advancing
injection timing. Here, ignition sensitivity
is neither as high as diesel combustion, so
that fuel injection can be used as the
controller of combustion timing, nor as low
as homogeneous charge compression
ignition, with negligible effect on
combustion. This reduction of ignition
sensitivity to fuel injection timing leads to
the uncontrollability challenge of low-
temperature combustion engine. Therefore,
the partially premixed combustion
improves ignition controllability by
increasing the stratification level of the
homogeneous mixture.

4. In diesel combustion, the emission level of
unburned hydrocarbons and  carbon
monoxide are negligible. Advancing fuel
injection and in the range of low-
temperature combustion, the amount of
these emissions increase.

5. In diesel combustion, high levels of soot
and nitrogen oxides are formed. However,
in low-temperature combustion, the amount
of these emissions is  reduced
simultaneously. In homogeneous charge
compression ignition combustion, the
emission of these pollutants is very small
whereas in the intermediate partially
premixed combustion which lies at the
boundary between diesel combustion and
homogeneous charge compression ignition,
the level of soot and nitrogen oxides
pollution is placed between the levels of
two combustion regimes.
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Abstract

Precise calibration of attitude determination sensors prior to deployment necessitates
advanced platforms with two or three degrees of freedom that ensure high accuracy
and real-time monitoring capabilities. In response to this requirement, a two-degree-
of-freedom testbed has been designed and implemented to enable thorough functional
evaluation of sensors and systems before their deployment phase and to offer real-time
tracking of platform dynamics and sensor responses. The system is composed of two
primary subsystems: a mechanical framework and an electronics subsystem. The
mechanical framework is engineered with high precision to mitigate misalignments
and ensure accurate component placement, including a reaction wheel that enhances
control system efficiency. The electronics subsystem incorporates key elements such as
batteries, actuators, communication interfaces, and control boards, enabling seamless
and efficient operation. A PID controller has been employed to achieve precise and
stable control of the platform. Experimental evaluations demonstrate that the system
achieves angular accuracy of 0.11° in the pitch axis and 0.20° in the yaw axis. These
findings underscore the platform’s efficacy as a reliable tool for pre-deployment
calibration and performance testing of attitude determination sensors and establish its
foundation as a versatile hardware-in-the-loop platform for detailed sensor
performance evaluations.
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1- Introduction

Evaluating the functionality of subsystems and
individual components plays a crucial role in space
system development, particularly for attitude
control mechanisms. Rigorous testing processes,
such as hardware-in-the-loop (HIL) techniques, are
essential for ensuring optimal performance [1].
Utilizing versatile platforms with multiple degrees
of freedom—such as two- and three-axis
configurations—has proven effective for these
evaluations [2]. These platforms often incorporate

dynamic elements and sensory equipment,
including  gyroscopes, accelerometers, and
actuators, enabling precise simulation of

operational conditions [3]. This research presents an

innovative two-degree-of-freedom testbed designed
specifically for evaluating and calibrating sensors
and related systems. Its modular and economical
structure facilitates the seamless integration of
different components, delivering both precision and
cost efficiency. Such systems have demonstrated
utility in advancing the capabilities of attitude
control setups. Notably, control algorithms tailored
to mechanical setups with two degrees of freedom,
like the lightweight dual-axis gimbal systems
designed for precise angular movements, underline
the importance of such developments in spacecraft
engineering [4]. By focusing on accessibility and
affordability, this newly developed platform makes
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strides in creating adaptable solutions for space-
related testing scenarios. Its flexibility design offer
opportunities to explore control techniques and
refine critical technologies, making it a valuable
asset in the ongoing progress of space system
innovation.

2- Design and Methodology

The experimental setup is constructed around a
dual-axis mechanism, where a rotating base
supports an elongated arm equipped with reaction
wheels at its extremities. The arm's rotation relative
to the base defines the inclination angle (8), while a
secondary rotational axis () is facilitated through a
turntable that underpins the entire assembly. The
frame, crafted using 3D printing technology,
leverages PLA polymer for its lightweight nature,
production flexibility, and suitability for intricate
designs. These characteristics ensure precise
alignment during assembly, reducing the risk of
component  misalignment and  enhancing
operational stability.

To control the system's orientation, reaction wheels
generate rotational forces. Achieving substantial
angular momentum without excessive weight was
realized by integrating 3D-printed components
with. The orthogonal arrangement of these wheels
minimizes cross-axis torque disturbances, ensuring
efficient  control. Additionally, movable
counterweights are strategically positioned to
balance the structure and maintain equilibrium in
diverse configurations. Even when motors are
inactive, the system incorporates stabilizing joints
that uphold structural integrity.

This modular and lightweight setup provides a
versatile platform for testing advanced control
algorithms, making it ideal for dynamic
experiments in  orientation regulation. As
demonstrated in Fig. 1, the design effectively
addresses challenges associated with multi-axis
dynamics.

The developed system incorporates diverse control
algorithms, which can be implemented on the
processing hardware. It facilitates seamless online

communication with a computer, supporting real-
time monitoring and enabling adjustments to the
controller parameters. This feature allows for the
implementation, testing, and observation of various
control strategies. The structure of the control
system is depicted in fig. 2.

£\
=

Figure 1: Overview Of The Constructed Two-Degree-Of-Freedom

device.
Controller  Motor driver  Actuator System
OrepiPref4 6,y
—»C)—» PID — 1.208N — Reaction |+ Two-DOF
Input — wheel dynamic Output

Sensor

Encoder

Figure 2: Block diagram of the two-axis angle control of the
constructed device.

3- Discussion and Results

The accuracy of the attitude control system was
evaluated in both pitch and yaw axes, with the
reliability of the system's accuracy tested through
100 repeated trials for each axis, showing steady-
state errors below 0.11 degree and 0.20 degree,
respectively.

The dual-axis performance was further analyzed
by optimizing controller gains, as summarized in
Table 1, and the step responses for the first axis (8)
and the second axis () are illustrated in Fig. 3 and
4.
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Table 1: pid control coefficients for pitch and yaw at three input

identification of the optimal response for a specific
gain value.

angles
Axis  Angle° K, K; K,
15 1.8 0.0007 0.05
0 30 0.95  0.0007 0.7
45 0.5 0.00055 0.2
15 35 0.001 1
Y 30 14 0.0005 0.15
45 1 0.0004 15
--=.K =8.0
P
- Kp =6.0
K =40
k=25
—K =18
20 30 40 50

time(s)

Figure 3: step response of the first axis for different proportional
gain coefficients
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Figure 4: Step response of the second axis for different
proportional gain coefficients

In Fig. 5, the system responses for the first axis
are presented for various integral control gains. This

figure highlights how changes in the integral gain
affect the system's behavior, enabling the

8r —©6— 15 degrees
30 degrees
7 —O— 45 degrees
6
5
— 4r
3
2l
1 //
ol e
-1
0.2 0.4 0.6 0.8 1 1.2
K (¢ 107)

Figure 5: steady-state error of the first axis versus varying
integral gains
In Fig. 6, the steady-state error of the second
axis is plotted against varying integral gains,
illustrating the system's behavior and
identifying the optimal integral gain for the best

response.

—6— 15 degrees
30 degrees

7L
—8— 45 degrees

0.4 06 08 1 12
K, (x 107)

Figure 6: Steady-state error of the second axis versus varying
integral gains

4- Conclusion
This study introduced a two-degree-of-freedom

testbed designed for precise calibration and
functional evaluation of attitude determination
sensors prior to deployment. The platform,
equipped with a high-precision mechanical
framework and an electronics subsystem, ensures
real-time tracking of dynamics and sensor
responses. The mechanical framework minimizes
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misalignments, and the electronics subsystem
integrates  actuators, control  boards, and
communication interfaces for seamless operation.
The system's performance was assessed under
varying proportional and integral gain coefficients
to determine the optimal response for precise and
stable control. Experimental results demonstrated
angular accuracies of 0.11° in the pitch axis and
0.20° in the yaw axis, validating the platform’s
reliability as an effective tool for pre-deployment
calibration and performance testing of attitude
determination sensors.
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Abstract

The combination of aluminum and its alloys with the powder metallurgy process has
enabled various industries to take advantage of the advantages of powder metallurgy
production while using the unique properties of this light metal. In this research, B4C
reinforcement was used to strengthen aluminum alloy 5083, and Al-B4C
nanocomposite was produced by mechanical alloying method and then extrusion and
press-sintering operations were performed on the powders. Al5083 and Al5083-B4C
powders were produced during the alloying process for 24 hours with a pellet to
powder ratio of 20:1 and under argon atmosphere. First, the produced powders are
compressed by cold press, and then the press-sinter samples are extruded at 600
degrees under nitrogen atmosphere and the extrusion samples are extruded at 505
degrees with an extrusion ratio of 9:1. In the following, the deformation behavior of
AI5083 in the temperature range of 550-350 and strain rate of 0.01-0.1 has been studied.
Also, a structural equation has been obtained in each of the production states for the
silane stress in the form of a hyperbolic sine. The microstructure of the samples
produced by both extrusion and press-sintering methods before the hot pressure test
was also examined by optical microscope (OM) and scanning electron microscope
(SEM) equipped with EDS spectrometer. The results of thermomechanical tests and
microstructural studies show that the samples produced by the extrusion method have
better mechanical properties than the press-sintered samples.
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1- Introduction

Thin wall structures are one of the most efficient
energy absorbing systems in various industries,
such as automotive, railway and military, due to
their lightness, suitable energy absorption capacity
and high energy absorption to weight ratio, in order
to protect the lives of passengers as well as
pedestrians. Pedestrians are considered during
accidents or protection of equipment and devices.

Zhang et al. [1] worked on the amount of energy
absorption in linear and tubular structures under
axial destruction. In this research, which deals with
the simulation and experimental testing of parts

with a special geometry, circular aluminum tubes
are arranged next to each other in different states
and are subjected to quasi-static load. In addition,
the weight of all samples is considered the same for
a better comparison.

Li et al. [2] worked on the energy absorption
characteristics of series structures under axial and
diagonal loads. In this research, the samples were
made by aluminum round tubes. By using these
pipes, the cross section of the structures has become
triangular, square and hexagonal. Also, by using

3
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more pipes, the mentioned structures have been
optimized.

Ngoc et al. [3] have worked on the energy
absorption characteristics of square series structures
under axial load. The design of these structures was
inspired by the internal structure of bone and
bamboo. In this research, first the samples were
simulated by Abaqus software and then they were
verified by theoretical method. According to the
conducted studies, in most of them, especially in
thin-walled structures, the tests performed were
guasi-static, and the response of energy absorbers to
impact has been investigated less. Also, in the
articles that have investigated the impact test, they
have focused more on the axial impact mode. Also,
the material of the examined samples was mainly
made of metal, which cannot be used in all
conditions due to the high weight and special
physical conditions of metals. However, the case
that is noteworthy in the above studies is the lack of
examination of multicellular thin-walled structures
with mesh and different geometries and made of
polymer under lateral impact load. Therefore, in this
study, this issue has been investigated.

2- Modeling and Formulation

In this study, a total of eight thin-walled structures
made of ABS and subjected to lateral impact have
been investigated. ABS polymer has been used to
make samples by 3D printer. Also, these parts were
printed by Novin Negar Additive Manufacturing
Company and by Kitek M1 machine. These samples
were drawn under the ASTM D638 standard in
SolidWorks software and then printed. The
simulations of this project have been carried out by
Abaqus software. After the end of the simulation, by
doing independence from the mesh, the mesh with
dimensions of 0.8 mm and type S4R was selected
for different samples and the comparison of the
results of the samples with each other has been
discussed in terms of energy absorption
characteristics. For the experimental test process, a
weight drop test machine was used. In order to
perform experimental tests, at first, the set of
weights is set in such a way that their total weight is

equal to 6.615 kg. Also, the striking surface is
considered to be flat so that the force enters the
upper surface of the parts in a wide and equal
manner. Two samples were made from each of the
samples and a total of 8 tests were performed. By
this device, the command to drop the weight is sent
and the weight collides with the samples. As a
result, the amount of shrinkage due to plastic
deformation and the performance of the samples
against impact can be investigated. During the
descent of the weight, the data of the acceleration of
the weight was entered into the computer by the
sensor and the acceleration-time graph of the weight
was extracted.

In these simulations, an impact with an energy of
25 joules has been applied and the amount of total
absorbed energy in all structures is more than 95%
of the applied energy. Also, according to the values
of absorption energy at a distance of x=3.15 mm,
which is in equilibrium conditions for all 8 samples,
it can be seen that sample 1HR16 is the best sample
in terms of energy absorption. Sample 1HR16 has
the highest value and sample 2H2Q8 has the lowest
average crushing force. The amount of crushing
efficiency for an ideal energy absorber is 1 (100%),
but achieving this number is very difficult. As a
result, according to the results, sample 1HR16 has
the best efficiency of crushing force among all
samples. According to the numerical and
experimental results and their interpretation, it is
clear that the sample 1HR16 is the best sample to be
used as an energy absorber. It was also observed that
with the increase in the number of houses in each
row, the energy absorption properties and
parameters improve, and in general, the rectangular
house samples are better energy absorbers than the
similar square house samples.

3- Conclusion

The purpose of this study was to investigate
numerically and experimentally the destruction of
thin-walled multi-cell quadrangular structures made
by 3D printers due to lateral impact. Below is a
summary of the results of numerical simulations and
experimental tests.
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In general, and according to the results of
simulations and experimental tests, by increasing
the number of houses in each sample and reducing
the wall thickness of the samples in order to keep
the weight, the amount of energy absorption, the
average crushing force and the efficiency of
crushing force increases. Also, the amount of
change in length and shrinkage of each sample
decreases with the increase in the number of houses.

Considering that the rectangular house samples
were created by adding a horizontal reinforcement
to the square house samples, it can be seen that the
amount of energy absorption in the equilibrium
distance, the average crushing force and the energy
efficiency The flattening of rectangular samples,
like any square sample, has increased. By increasing
the number of square houses from 6 to 8, the amount
of energy absorption has increased by 5%, the
average crushing force has increased by 15%, and
the crushing force efficiency has increased by 30%.

By increasing the number of rectangular houses
from 12 to 16, the amount of energy absorption has
increased by 16%, the average crushing force has
increased by 35%, and the crushing force efficiency
has increased by 47%. By converting a sample of 6
square houses to a sample of 12 rectangular houses,
the average crushing force increases by about 7%
and the efficiency of crushing force increases by
20%.

By converting a sample of 8 square houses to a
sample of 16 rectangular houses, the average
crushing force increases by 30% and the crushing
force efficiency increases by 37%.By adding inner
layers to the samples, the wvalues of energy
absorption parameters decrease.

The smaller the amount of shrinkage (change in
length) of the sample under impact, the greater the
maximum shrinkage force and resistance of the
sample to impact. According to these points and

results, it is obvious that sample 1HR16 is the best
energy absorber among these samples.
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Abstract

Natural ventilation is one of the most important passive strategies to reduce building
energy use, provide thermal comfort, and improve indoor air quality. It is one of the
key solutions for sustainability in the building industry. On the other hand, natural
ventilation is potentially dependent on climatic conditions and varies considerably
from one region to another. In this study, the feasibility of passive cooling and natural
ventilation has been assessed for various cities in Iran. Based on Kdéppen-Geiger
climate classification, the Iran climate is segmented to nine climates. The impact of
climatic conditions on natural ventilation of buildings was assessed using the Képpen-
Geiger method and several selected cities in these climates using Climate Consultant
software using the ASHRAE 55 standard method. By importing the climate parameter
file of the selected cities into the Climate Consultant software, output results including
comfort conditions, natural ventilation, and other results were obtained for 9 climates
of Iran. The results showed that the climate of Abadan city with 673 hours provides
the most natural ventilation, and the climates of Rasht and Anzali cities with less than
10 hours provide the least comfort using natural ventilation. Also, the cities of Yazd
and Sabzevar have the highest potential with 25.8 percent and 22.5 percent per year,
respectively, and the cities of Anzali and Meshginshahr have the lowest potential for
using evaporative cooling systems (water coolers) with 0.1 and 0.8 percent, respectively.
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1- Introduction

The building sectors collectively account for 30%
of the world's total final energy consumption and
27% of total energy sector emissions [1-3]. An
important factor in this impact is the operation of
buildings, which includes energy consumption for
lighting, heating, cooling, and ventilation [4-6].
Unlike contemporary structures that rely on
mechanical systems and non-renewable energy
sources for these functions, vernacular architecture
exhibits bioclimatic and passive design features. As
a vital strategy for bioclimatic design, natural
ventilation plays an important role in regulating the
indoor environment of vernacular architecture.

The potential for natural ventilation can be
assessed at three main scales: climate, site, and

building. On a climatic scale, it depends on climatic
parameters such as temperature and humidity in a
particular location. The first step in a natural
ventilation strategy in buildings is to identify the
availability and usability of natural ventilation in the
climate, as this strategy is highly dependent on local
climatic characteristics and varies significantly
from region to region. Ventilation is the natural
movement of air inside a building using various
strategies, which must be carefully designed to
ensure a healthy living environment. Proper
ventilation is associated with improved health,
increased air quality, higher levels of environmental
satisfaction, and by providing fresh air and
removing carbon dioxide, reduces exposure to a
wide range of air pollutants, odors, and chemicals.

3

©2024 the authors. Published by National University of Skills, Tehran, Iran. This
article is an open-access article distributed under the terms and conditions of the
Creative Commons Attribution-Noncommercial 4.0 International (CC BY-NC License)

E-ISSN: 2981-2232

(https://creativecommons.org/licenses/by-nc/4.0/)


https://stmechanics.bmtc.ac.ir/?lang=en
https://portal.issn.org/resource/ISSN/2981-2232
mailto:Vrezaee@nus.ac.ir

Journal of Science and Technology in Mechanical Engineering

Vol. 3, No. 1, 2024 186

The main goal of this research is to assess the
feasibility of natural ventilation potential for the
climatic conditions of Iranian cities according to the
Koppen-Geiger method. In studying the climatic
conditions, three parameters of temperature,
humidity, and wind were conducted for 9 climates
of Iran according to the Koppen method for
different cities using Climate Consultant software.
This software uses the ASHRAE 55 standard model
using the PMV method. Using the PMV (Predicted
Poll Mean Value) mathematical model, the
combined effects of temperature quantities, mean
radiant temperature, wind speed, clothing thermal
resistance, and humidity levels were considered.

2. Research Methods

The work flow is that weather files for each region
in EPW format are imported to software, and we can
extract these formats on sites like Energy Plus for
Iran cities and other parts of the world weather
conditions. By importing the climate files of the
selected cities in the climate consulting software,
climate charts is drawing and their analyzing is done
using the Climate Consultant software. In the
weather consulting software, we have used the
ASHRAE 55 standard and the PMV model. In this
standard, thermal comfort is defined based on dry
bulb temperature, clothing surface, metabolic
activity, air velocity, humidity, and average radiant
temperature. The area where most people are
comfortable is calculated using the PMV (predicted
mean vote) model. Regarding the climatic
classification of different parts of the world, various
methods have been proposed, among which the
method of the Austrian scientist Koppen has been
favored. Kopen has introduced different types of
climates in the world based on the growth of plants.
Basically, in many regions of the world, climate is
defined by latitude and altitude. Most of Iran is
located in a temperate region with latitude between
25- and 40- degrees north latitude. Iran has a high
plateau with a majority of its territory rising beyond
475 meters above sea level. Based on Kdppen—
Geiger climate classification, BWh, BSk, CSa and
BSh are important climatic groups of Iran, each part
covers a large part of the country and other climatic

groups comprise a very small part of the country
area (Figure 1).

Latitude

Longitude

" L "
Bsh Bsk BWh BWk Csa Csb Cfa Dsa Dsb Dfa Dfo

Figure 1: Koppen — Geiger climate classification of Iran

3. Results

According to Table 1, moving from the north of Iran
to the center and south, the potential for using
natural ventilation is greater according to the
software results. Abadan has the highest ventilation
potential with 673 hours of ventilation per year,
followed by Qom with 625 hours of ventilation per
year and Tehran with 570 hours of ventilation per
year. Northern and coastal cities on the Caspian Sea
have the least potential and ventilation hours Rasht
city has the lowest ventilation potential with 5 hours
of ventilation per year, followed by Ramsar with 10
hours of ventilation per year and Garmsar with 11
hours of ventilation per year. In general, it can be
stated that central and southern cities have greater
potential for using natural ventilation, according to
the defined conditions.

Table 1: Natural ventilation results for different cities

. Ventilation . Ventilation
City hours City hours

Abali 118 Rasht 5

Astara 3 llam 444
Khoramabad 341 Ardabil 59
Sabzevar 590 Anzali 11

Kerman 435 Tabriz 290

Hamedan 275 Mashhad 377

. Hamdan -

Yasuj 256 Nojeh 225

Abadan 673 Yazd 425

Ahvaz 511 Sanandaj 338

Bandar
Tehran 570 Abbas 263

Qom 625 Birjand 466
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4. Conclusion

In this research, the passive design of buildings with
near-zero energy consumption was studied for 9 of
the 31 climates identified by K&ppen-Geiger for
Iran, which include BWh, BSk, BSh, BWk and CSa,
CSb, CFa, DSa, DSh. By importing climate data in
EPW format into Climate Consultant software and
using the ASHRAED55 standard and the PMV model
in the climate consulting software, it was used. The
output results of the cities, including temperature,
relative humidity, and wind speed, as well as the
results of comfort conditions and natural
ventilation, were examined with various figures and
tables.
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Abstract

In this study, a new geothermal energy-based multiple generation system is
investigated. This system consists of a modified organic Rankine cycle, a single-effect
absorption chiller, and a hydrogen liquefaction cycle that produces power, heat, cold,
and liquid hydrogen. In the proposed system, by using geothermal energy as the
primary energy source required for liquid hydrogen production, environmental
pollution is minimized. The hydrogen gas produced by the electrolyzer in the proposed
system is pre-cooled by an absorption heat transformer, and the power consumption
of the hydrogen liquefaction cycle is reduced. In the present study, the effect of changes
in important performance parameters on the system performance is evaluated. In
addition, the optimal performance of the system is investigated using a two-objective
genetic algorithm, and the optimal point of the system is obtained using the TOPSIS
decision criterion. A complete thermodynamic analysis is performed in the present
study, and the results show that an energy efficiency of 42% and an exergy efficiency
of 51% are obtained for the proposed system. The economic evaluation conducted in
the present study using updated cost functions shows that the total cost of the multiple
generation system is $16.37/GJ, which demonstrates the high economic justification of
the proposed system.

Keywords

Geothermal Energy

Hydrogen Cloud Liquefaction
Cycle

Multiple Production System
Optimization

Modified Organic Rankine Cycle

Received: 11.22.2024
Revised: 12.31.2024
Accepted: 01.08.2025

*Corresponding Author
Ali Eyvazi

Email

alieyvazil996 @gmail.com

1- Introduction

Energy is a fundamental need for continued
economic development, the provision of goods and
services, and the comfort of human life. Some
experts believe that another energy crisis is about to
unfold. This crisis will not only be related to energy
supply, but will also involve a complex combination
of environmental problems that, in addition to
affecting the quality of modern social life today,
will jeopardize the economic development of the
world. Increasing energy efficiency has brought
many benefits to humanity. Investment in energy
efficiency and fuel flexibility has led to greater
attention to achieving sustainable energy. Fossil

energy sources have had many negative effects on
the environment, including increasing global
temperatures, greenhouse effects, and temperature
inversions, and have caused the destruction of the
ozone layer and the spread of many environmental
pollutants. These problems can be solved by using
clean fuel technology from renewable sources.
Hydrogen, as a suitable alternative to fossil fuels, is
capable of providing sustainable energy sources in
the long term and is highly compatible with
environmental standards. Hydrogen is the most
abundant element in the world and the tenth most
abundant element in the Earth's crust. Hydrogen, as

2

©2024 the authors. Published by National University of Skills, Tehran, Iran. This
article is an open-access article distributed under the terms and conditions of the
Creative Commons Attribution-Noncommercial 4.0 International (CC BY-NC License)

E-ISSN: 2981-2232

(https://creativecommons.org/licenses/by-nc/4.0/)


https://stmechanics.bmtc.ac.ir/?lang=en
https://portal.issn.org/resource/ISSN/2981-2232
mailto:alieyvazi1996@gmail.com

Journal of Science and Technology in Mechanical Engineering

Vol. 3, No. 1, 2024 208

the lightest known element, has the highest energy
per unit weight compared to other fuels. Hydrogen
is one of the main elements that make up the Earth
and plays an important role in life. Today, hydrogen
is used as a feedstock in various industries. The
possibility of another energy crisis and concerns
about the depletion of fossil fuels, environmental
imperatives, increasing energy consumption and
population growth, problems caused by migration
and uncontrolled urbanization are the driving forces
that intensify attention to renewable sources and the
hydrogen energy system. There are challenges in
using hydrogen in its gaseous state that require its
liquefaction for practical applications. Various
methods for liquefaction of hydrogen have been
proposed and widely studied. The most important
advantages of using hydrogen fuel are the non-
polluting product of the hydrogen combustion
reaction, the higher amount of heat generated by
combustion per unit weight, the economy due to the
variable amount of mixing with air for combustion,
the possibility of removing leaked hydrogen in a
closed environment, the non-toxicity and the
cheapness compared to other fuels. Liquid hydrogen
is an environmentally friendly energy source.
Storing liquid hydrogen in tanks is a simple process.
It is important to remember that some energy is
required to convert hydrogen into a liquid state.
Rockets in the space program mainly use liquid
hydrogen as a fuel source. It should be noted that
hydrogen is primarily found in its gaseous state, but
is stored and transported in liquid form for ease of
use. Consequently, there is a high need for
investment and technological advancement for
clean hydrogen production based on renewable
geothermal resources, and it has attracted the
attention of many researchers.

2. Methodology

In this study, a complete thermodynamic and
economic modeling of a multiple production system
is introduced. EES software, which includes
functions related to thermodynamic properties, is
used for modeling. The thermodynamic equations
are solved in steady state and simultaneously. In the
economic analysis section, all prices and cost rates
are updated to justify the proposed system well.

Then, a parametric analysis is performed to evaluate
the effect of changes in functional parameters on the
main system performance. Also, a two-objective
genetic algorithm has been performed to achieve
optimal performance on the system under study, in
such a way that exergy efficiency and cost rate are
the objective functions in the optimization
algorithm. TOPSIS decision criterion has been used
to determine the optimal point of the system.
TOPSIS method is one of the multi-criteria
decision-making methods that ranks alternatives.
TOPSIS is a technique for ordering priority through
similarity to the ideal solution and indicates the
value of proximity to the ideal solution positively.
This study shows the optimal combination of
process parameters using the shortest distance from
the ideal solution.

3. Results

The proposed system utilizes geothermal energy to
provide primary energy through an innovative
approach and is developed by modifying the organic
Rankine cycle, resulting in a new system. This
system has been simulated using EES software
based on specific design criteria. In the
thermodynamic analysis of the geothermal source,
water acts as the working fluid. The findings from
the thermodynamic evaluation show that the output
power of the studied system is 1425 kW. The energy
efficiency and exergy efficiency of the system are
measured to be 42% and 51%, respectively. The
findings indicate that significant exergy loss occurs
in the modified Rankine unit and in the electrolyzer
unit. It is worth noting that among the system
components, the modified Rankine cycle turbine
and electrolysis have the highest exergy destruction,
while the pumps have the lowest exergy destruction
among the system components. Calculations show
that the total exergy destruction for the system is
56140 kW. The total system cost rate is $37.16/GJ,
indicating the significant economic efficiency of the
proposed system. The levelized cost of electricity
(LCOE) and the cost of hydrogen (LCOH) with
values of 19.8 cents/kWh and $24.39/kg are critical
factors in the economic evaluation of the system.
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4. Conclusion

This study evaluates a novel multi-generation
system that utilizes geothermal energy to produce
electricity, heat, cold, and liquid hydrogen. The
proposed system consists of a geothermal unit, an
innovative modified organic Rankine cycle that
integrates an internal heat exchanger and a steam
heat exchanger generator, a single-effect absorption
chiller, a proton exchange membrane electrolysis,
and a hydrogen liquefaction cycle. The system
under consideration has been subjected to an
analysis focused on energy, exergy, and economic
factors. The hydrogen gas produced by electrolysis
is converted to liquid form during the cloud
liquefaction cycle, increasing its storage and
transportation efficiency. By pre-cooling the
hydrogen gas in the absorption chiller, the energy
consumed in the liquefaction cycle is reduced, and
immersing it in two heat exchangers with a liquid
nitrogen bath reduces the temperature difference in
the heat exchanger, thereby reducing exergy loss
and improving the efficiency of the proposed
system. The electrolysis and modified Rankine
cycle turbine show the highest exergy destruction
compared to other system components, which can
be significantly reduced by increasing the inlet
temperature for the proposed system. In addition, a
parametric analysis was performed to evaluate the
system performance under different conditions.
This research aims to optimize the configuration of
the system components for maximum efficiency
under ideal conditions and also to increase the
thermodynamic performance of the system. The
analyzed system shows satisfactory performance
and by achieving an energy efficiency of 42% and
an exergy efficiency of 51%, it represents the
optimal configuration of a geothermal energy-based
multiple generation system. In this study, an
economic evaluation has been performed to develop
a system characterized by high economic efficiency.
The findings show that achieving the desired
economic efficiency for the entire system involves
a cost of $16.37 per GJ. The effect of six decision
variables on the system performance was
investigated, including the turbine isentropic
efficiency, turbine 1 outlet pressure, steam heat

exchanger generator outlet temperature, and turbine
1 outlet temperature. The dual-objective
optimization significantly increases the exergy
efficiency of the system, using the TOPSIS decision
criterion, the optimal operating point is identified,
and a system with an optimal cost rate is presented
to improve the economic justification of employing
the proposed cogeneration system.
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Abstract

Under non-ideal weather conditions, distance measuring equipment (DME) must
be optimally positioned to reduce landing errors. In this context, interval type-2
fuzzy logic is used as an efficient method for determining the optimal position of
the DME. With this method, factors such as weather conditions, flight path, and
other related variables are evaluated fuzzily to determine the optimal position of
the DME. When unequal distances from the normal landing strip exist for each of
the DMEs, it is necessary to identify the most suitable location for the secondary
DME. To this end, the system is designed dynamically so that after identifying the
assumed centerline based on the initial placement of each DME, the optimal
location for the secondary DME is ultimately determined. These conditions only
apply if both DMEs have unequal distances. The results show that the use of the
Grey Wolf Optimization (GWO) algorithm has a significant impact on improving
aircraft landing conditions. With this algorithm, the reduction in the impact of
turbulence has increased from 20% to 40%. The probability of landing error has
decreased from 10% to 5%, and measurement accuracy has increased from 85%
to 95%. These results indicate a substantial improvement in landing safety under
non-ideal conditions. Given the reduction in the impact of turbulence and the
increase in measurement accuracy, the GWO algorithm plays a crucial role in
enhancing the safety and efficiency of aircraft landings.

Keywords

Optimum Landing

Navigation Systems

Distance Measurement quipment
Positioning Dynamics
Turbulence Reduce

Received: 05.11.2024
Revised: 07.24.2024
Accepted: 10.01.2024

“Corresponding Author
Masoud Moradi Rad

Email
Masoud.moradirad@yahoo.com

1- Introduction

During the last few decades, advances in

weakly coupled systems, there is no shared memory

microelectronics technology have made cheap and
fast processors available, and on the other hand,
advances in communication technology have made
faster and more cost-effective networks. The
combination of advances in these two fields has
resulted in a cheaper and more efficient technology
that instead of using a very fast processor, uses
regular multiprocessors that are connected together.
In terms of architecture, computers that consist of
multiple processors connected together are called
coupled systems, which are of two types: strong
coupled systems and weak coupled systems. In
strongly coupled systems, there is a common
memory that is shared among all processors, but in

and each processor has its own memory.

Usually, strongly coupled systems are called
parallel processing systems and weakly coupled
systems are called distributed computing systems.
Therefore, distributed systems are a set of
processors connected together in a communication
network, where each processor has local memory
and peripheral devices. It has its own that these
processors and their resources are called nodes or
sites or machines. Interval distributed systems are
designed to achieve the result of the operation of
several systems in terms of processing, the
efficiency of which is an acceptable and
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mathematically verifiable interval to achieve a
specific goal [1].

2- Control System

The experimental setup is constructed around a
dual-axis mechanism, where a rotating base
supports an elongated arm equipped with reaction
wheels at its extremities. The arm's rotation relative
to the base defines the inclination angle (8), while a
secondary rotational axis (y) is facilitated through a
turntable that underpins the entire assembly. The
frame, crafted using 3D printing technology,
leverages PLA polymer for its lightweight nature,
production flexibility, and suitability for intricate
designs. These characteristics ensure precise
alignment during assembly, reducing the risk of
component  misalignment and  enhancing
operational stability.

To control the system's orientation, reaction
wheels generate rotational forces. Achieving
substantial angular momentum without excessive
weight was realized by integrating 3D-printed
components with. The orthogonal arrangement of

these wheels minimizes cross-axis torque
disturbances, ensuring efficient  control.
Additionally, movable  counterweights are

strategically positioned to balance the structure and
maintain equilibrium in diverse configurations.
Even when motors are inactive, the system
incorporates stabilizing joints that uphold structural
integrity.

This modular and lightweight setup provides a
versatile platform for testing advanced control
algorithms, making it ideal for dynamic
experiments in  orientation regulation. As
demonstrated in Fig. 1, the design effectively
addresses challenges associated with multi-axis
dynamics.

The developed system incorporates diverse
control algorithms, which can be implemented on
the processing hardware. It facilitates seamless
online communication with a computer, supporting
real-time monitoring and enabling adjustments to
the controller parameters. This feature allows for the

implementation, testing, and observation of various
control strategies. The structure of the control
system is depicted in fig. 2.

The main problem in designing any fuzzy control
system is the shape of membership functions and
selection of fuzzy rules. The decision logic is
whatever the output of the controller is. Decision
logic uses input fuzzy sets and uses input values to
make decisions. In addition, the information base
includes information on the scope of application and
the purpose of control, which includes data and
control based on fuzzy rules. [6]

In Figure 1, the assumed triangle is the main
runway in the triangle rule and the location of the
plane is the vertex of the triangle. The ideal situation
for landing is the semi-circle formed by the apex of
the triangle. If the distance of the plane from each
of the gauges is the same, the plane is in the right
direction for landing

600
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400.
350

300.

Distance(m)

250

200

50 100 150 200 250 300

Distance from the centertine of the band{m)
Figure 1 :Formation of an isosceles triangle.

As shown in Figure 2, first DMEL is placed with
a different and acceptable distance in the desired
phase phase from DME2 to the centerline.
Considering the interval fuzzy system, a very small
and acceptable difference has been detected and as
it can be seen, the proposed centerline is in
accordance with the accepted centerline for landing.

350
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Figure 2 :Display of the output obtained from the basic
hypothesis of interval fuzzy.

In the following, in Figure 3, the result of work
innovation and consideration of non-ideal
atmospheric conditions (wind) has been presented.

600

550 — centerline detection |-

500 best centerline

Distance(m)

%

o o
0 DME2 DME2 BEST

DME 1

100
50 100 150 200 250 300 350

Distance from the centerline of the band(m)

Figure 3 :Output display considering non-ideal conditions
(momentary wind).

As can be seen, taking into account the
momentary wind conditions from the side of gauge
number 1 to the aircraft body, the landing conditions
will be more difficult. Based on the output of Figure
3, it can be said that the green line shows the optimal
landing line. The red line shows the initial landing
conditions, taking into account the non-uniform
distance of the sensors from the centerline.

It is possible to show the landing line correctly
and according to the green line. But the addition of
the wind phenomenon and the created non-ideal
conditions lead to landing in incorrect conditions
and corresponding to the yellow color. Obviously,
in order to improve the landing conditions, by
identifying the correct location of gauge number 2;
Landing conditions were very close to ideal.

3- Results

In this article, the identification of the optimal
location of the distance measuring system was
discussed in order to identify the most suitable
approach in the landing of the plane and to identify
the optimal centerline. Among the most important
effective factors in simulating and analyzing
information is the initial placement of each sensor
and the initial position of the aircraft and its distance
from each of these two sensor systems. After the
completion of the first phase, which identified the
initial distance of the aircraft to each of the sensors
and also identified whether the distance of each
sensor to the main centerline was the same or not, in
the second phase, the location of the secondary
DME was optimized. and in the final stage,
compliance with the actual centerline of the
identified runway will be done.

In non-ideal weather conditions, such as strong
winds or sudden weather changes, it becomes very
difficult for distance measuring devices to function
correctly and accurately. The proposed method
using interval fuzzy logic helps to identify the most
optimal position for distance measuring devices to
minimize the effect of these atmospheric conditions
on the measurement accuracy.

For the improvement and practical application of
the presented methods in the aviation industry, the
following suggestions are significant:

The first suggestion is to use optimization
methods such as the gray wolf algorithm and
interval fuzzy logic to design and improve
navigation and landing systems in adverse weather
conditions. By using these methods, it is possible to
more accurately determine the optimal position of
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distance measuring devices (DME) and minimize
the influence of atmospheric conditions.

The second proposal is to integrate these methods
with artificial intelligence and machine learning
systems to predict and optimize flight dynamics in
real time. Using data collected from sensors and
measurement systems, accurate predictive models
can be created for atmospheric conditions and their
effects on aircraft landings.
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