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Abstract

The floating photovoltaic (FPV) system is a revolutionary power production technology
that has gotten a lot of interest because of its many benefits. Aside from generating
electricity, the technology can also prevent the evaporation of water. The electrical and
mechanical structures of FPV power stations must be studied to develop them. Much
research on FPV technologies has already been undertaken, and these systems have
been evaluated from many perspectives. Many problems, including environmental
degradation and electricity generation, fertile soils, and water management, are currently
limiting societal growth. Floating photovoltaic (PV) devices save a great of land and water
resources and have a greater energy conversion efficiency than standard ground power
systems. A performance investigation of photovoltaic (PV) installations set on a moving
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Abstract

PV systems are frequently used in a stand-alone configuration. In a solar PV-based
energy-producing system, power fluctuation is a natural occurrence. Alternative sources
of energy, including such hybrid grid-tied or energy storage systems, could be discovered
when solar PV systems run off-grid to satisfy regional power demands for reliable power
supply. This research uses an unusual PV system that can function in both grid-
connected and stand-alone states to propose an efficient approach for the power
generation challenge in the residential segment. A block of storage battery with sufficient
dimensions is included in the system to make sure the constant power supply of such a
residential building with an average electricity demand of 10 kWh. An atypical 3.2 kWp PV

system and a 19.2 kWh storage battery brick was determined to be capable of meeting
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Bouncing Cosmology in Extended Gravity and Its
Reconstruction as Dark Energy Model

A. S. Agrawal, Francisco Tello-Ortiz, B. Mishra,* and S.K. Tripathy

In this paper, we have presented a bouncing cosmological model of the
Universe in an extended theory of gravity. The dynamical behaviour of the
model obtained from the flat FLRW space-time along with the violation of null
energy condition have been shown. The geometrical parameters show
singularity behaviour at the bouncing epoch. The parameters involved in the
scale factor play a major role in the bouncing behaviour. In addition, the
coupling parameter that resulted in the minimal matter-geometry coupling in
the extended gravity has significant role to avoid the singularity of equation of
state parameter at the bouncing epoch. Using a linear homogeneous
perturbation calculation, we show the dynamical stability of the model.

1. Introduction

The standard cosmological model suffers from issues like initial
singularity, the horizon problem, flatness problem and baryon
asymmetry, though it has been successful in explaining the early
Universe. The inflationary theory has been successful in solving
some of these issues of early Universe, but it still suffers from the

minmalaviser neahlanae and sha seann Nlanclrian neahlame in faeman

As usual the singularity occurs before the
onset of inflation and therefore the infla-
tionary scenario fails to recreate the com-
plete past history of the universe. As a
possible solution to the inflationary sce-
nario problem, the matter bounce sce-
nario has been suggested.I'?| According
to the matter bounce scenario, it is be-
lieved that the Universe had a contract-
ing phase and is capable of expanding
without encountering any initial singu-
larity. That is, the Universe undergoes
an initial matter-dominated contraction
phase followed by a non-singular bounce
and then there is a causal generation for
fluctuation. The cosmological models replace big bang cosmo-
logical singularity with a big bounce scenario, which is a smooth
transition from contraction to expansion phase.l>*! But, one im-
portant observation is that in a flat Universe, the presence of non-
singular bounce may lead to the violation of null energy condi-
tion. In fact the violation of null energy condition can be experi-
enced in generalised Galileon theories that supports the possibil-
T —— - RN [ L R ) S S R —
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Abstract

Remarkable progress has been made to develop proton exchange membrane for
direct methanol fuel cell to achieve higher power density. However, the higher
methanol cross-over and poor water management are the two major obstacles of fuel
cell which significantly reduces its performance. In this work, we have developed a
highly performance Ionic Liquid (IL) modified chitosan based composite membrane
and characterized by different experimental technique. The incorporation of IL in
the chitosan composite introduces cationic acid which increases the ion exchange
capacity and proton conductivity. Although the hydrophilic base of IL enhances
water uptake capacity of the composite, the water is strongly attached with the poly-
mer chain via hydrogen bonding thereby reducing free water content. The incorpo-
ration of Carbon Nanotubes (CNT) and bulky pendant group of IL in the chitosan
composite reduces methanol cross-over and the methanol cross-over reported for
CPCN@IL-4 composite (5.58x 1078 cm?sec™) is significantly lower than the com-
mercial N117 membrane (2.74 x 107° cm?sec™!). The IL modified composite mem-
brane provides higher proton conductivity and membrane selectivity which is desir-
able for fuel cell design. At 70 °C, the maximum proton conductivity was achieved
in CPCN@IL-3 composite (21.52x10™ Secm™!) and the proton transport was
controlled by bound water regulated Grotthus mechanism. The polarization curve
obtained for CPCN @IL-3 composite at 70 °C and 2 M methanol feed in a single cell
of fuel cell provides the maximum power density of 82 mW/cm? at a current density
of 370 mA/cm?. The modification of chitosan based composite membrane with CNT
and IL significantly reduces the methanol cross-over and provides higher membrane
selectivity which will attracted a possible candidate for DMFC application.

Keywords Methanol cross-over - Ionic liquid - Multiwall carbon nanotubes -
Membrane selectivity - Polarization curve - DMFC
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1 Introduction

ABSTRACT

Electrical, optical and photosensitivity of aluminium-doped tin oxide (Al-5nO,)
nanocrystallites prepared by sol-gel technique and annealed at 400 °C and
500 °C are studied. The synthesized nanocrystallites are characterized using
spectroscopic techniques such as powder X-ray diffraction (PXRD), scanning
electron microscopy (SEM), Fourier transform infrared (FTIR) spectroscopy,
energy-dispersive X-ray spectroscopy (EDX) and UV-VIS-DRS spectroscopy.
The PXRD data confirm the development of polycrystalline nanocrystallites
having crystal size ~ 6.8 nm at 400 °C which increases to ~ 8.7 nm on
annealing at 500 °C. SEM images illustrate the formation of nanoclusters. Broad
characteristics bands of FTIR spectra demonstrate the presence of physical
interaction between SnO, and Al,Oz;. EDX spectra illustrate the presence of
aluminium, tin and oxygen in the particles annealed at 400 °C and 500 °C with
composition Sng76Alg2740, and SnggpeAlp1910,, respectively. UV-VIS-DRS
spectroscopy illustrates that the band gap energy of 400 °C and 500 °C annealed
materials are 3.42 and 3.35 eV, respectively. First time, the electrical properties
and photosensitivity of the AlI-SnO; nanocrystallites annealed at two different
temperatures are studied by making the particles into thin films of thickness
103p (400 °C) and 106p (500 °C) on glass substrate.

significant n-type semiconducting material and is
useful in fabrication of solid-state gas sensors [6],
transparent conducting electrodes [7], rechargeable

Nowadays metal oxide nanocrystallites are creating
immense interest among researchers because of their
unique characteristics, wide range of applications
and stability. They are key materials for optoelec-
tronic devices [1-5]. Among the oxides, SnO, is a

Li-batteries [8] optical and electronic devices [9],
catalyst for photo-degradation & organic conversion
[10], photo-electrodes of photovoltaic cells for solar
energy conversion and antistatic coating [11-14].
Researchers have reported that the optoelectronics
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ABSTRACT: Medical imaging and diagnostic techniques have become popular over the last two decades with the
advancement of data science, data analysis, data storage, and the internet. The impact of this evolution can be seen in
the fields of telemedicine and medical sciences, which allow more effective detection and treatment of various
diseases. Like any other form of imaging technique, medical images are sensitive to noise and artifacts. The images
become unclear with the presence of noise, and the diseases cannot be identified properly. Therefore, image denoising
plays a vital role in the field of biomedical image processing. As a result, work must be done to minimize noise without
sacrificing image quality. Various methods for reducing noise have already been proposed in the literature. Each
method has its own set of benefits and drawbacks. In this paper, we introduce a bi-dimensional empirical mode
decomposition (BEMD)-based image de-noising approach. The principal purpose of this research is to decompose
noisy images depending on frequency and create a hybrid algorithm that incorporates existing de-noising approaches.
The proposed algorithm is an image-dependent technique that decomposes the noisy image into several IMFs with
residue, then considering the individual attributes of the IMFs, they are separately filtered. Furthermore equalization
is applied to the residue for preserving the edge information. A comprehensive study is conducted over the
experimental results of the benchmark test images using different performance measure matrices to quantify the
effectiveness of the presented approach. In terms of subjective and objective evaluation, the reconstructed image is
found to be more accurate and visually pleasing. It also outperforms the state-of-the-art image-denoising methods,

especially in terms of PSNR, RMSE, correlation, and structural similarity.

KEYWORDS: Image de-noising, Adaptive multi-resolution, BEMD, PSNR, RMSE, SSIM.
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I. INTRODUCTION

One of the fundamental challenges in the field of medical
imaging is the radiation-sensitive property. Due to this
property, various noises are encountered during the image
acquisition process. The emergence of noise is random in
nature and is intimately linked to image quality assessment. In
the presence of these undesirable elements, image processing
operations are similarly hampered. As denoising plays an
important role in the application areas of image processing,
such as video tracking, image analysis, restoration,
registration, segmentation, and classification, where visually
pleasing images are essential, a special focus is required on it
(Gonzalez and Woods 2007).

Removing noise from the noisy image is still a challenging
problem for researchers. Over the previous few decades, a
number of authors have presented many algorithms, each with
its own set of benefits and drawbacks. Some of the
publications focused on the classification of noises based on
their behaviour. The noises discussed in the preceding articles
are either additive or multiplicative. Classical filters like as
mean filters, median filters, Gaussian filters, and others are
employed for spatial domain denoising (Mallat, 2008). But

*Corresponding author: lalitmohan.satapathy@gmail.com

these classical filters not only smooth the image. However,
these classical filters not only smooth the image but also blur
the edges of the information. In due course, to overcome the
above limitations, transformation-based filters were
introduced. The Fourier Transform (FT) is one of the
transformation and decomposition methods used in image
processing. Later on, wavelet transformation became popular
as it has a low resolution and provides simultaneous
localization in the time and frequency domains.

The Wavelet transform (WT) (Gupta and Ahmad 2018;
Ellinas et al. 2004) has shown its efficiency in various signal
processing applications. The beauty of this method is that the
decomposed signal contains the different space-frequency
components. At this stage, many authors have applied some
mathematical operation such as thresholding to suppress the
noise (Ellinas et al. 2004; Zhang 2016; Fedak and
Nakonechnyy 2015; Kimlyk and Umnyashkin 2018). Then the
denoised image is reconstructed by reversing the wavelet
coefficients into the spatial domain. The whole process is
known as the wavelet-based denoising technique (Fedak and
Nakonechnyy 2015; Kimlyk and Umnyashkin 2018; Bnou et
al. 2020; Sagheer and George 2020). As per image quality, this
denoising method gives a better result in terms of PSNR.

doi: http://dx.doi.org/10.4314 /njtd.v19i1.10
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Abstract This research is based on the design of modified
version of Type-III wind turbine system using DFIG
(Double-Fed Induction Generator). The control technique
associated with Type-III wind turbine system is Modified
Type-I Fuzzy Logic Controller. Using this advanced form
of controller, four different models are designed to control
the active and reactive power during the transients and
unwanted faults cause voltage sags. Mechanical Drive
Train-modified Type-III DFIG-based wind turbine system
during various fault conditions like voltage dip conditions,
swell conditions with respect to variation in wind speed is
explained in MATLAB model with control action of PI
controller and Fuzzy Logic Controller (FLC) with grid
integration. The research highlights implementations of
four types of Fuzzy structures with different modes of
operations that are modeled, and comparisons were made
between all the structures with PI control structure for both
steady state and dynamic state. The model is assembled to
the lattice of grid, and the control of the model mechanisms
using PI and FLC is studied to estimate the fast response of
settling time after the removal of faults. The simulation is
done to find the effective controller with respect to cost and
economic point of view. The model is based on transient
responses to calculate the settling time with application of
various fault conditions. In this paper, DFIG, i.e., Double-
Fed Induction Generator, is operated through variable
speed and variable pitch angle control scheme which is

P< Bibhu Prasad Ganthia

jb.bibhu@gmail.com
' School of Electrical Engineering, KIIT University,
Bhubaneswar, India

now mostly implemented in power generation and distri-
bution industries. In this paper, DFIG in wind turbine
model is assembled to a constant frequency and constant
voltage source and tied into a grid which is modeled using
MATLAB and to the corresponding generator for operation
and control action on active and reactive power are high-
lighted. The steady state operation and transient charac-
teristics of the whole wind energy conversion system is
explained with detail study with respect to the transients
due to sudden change in wind speeds.

Keywords DFIG - WECS - GSC - RSC - FLC -
PAC

Introduction

The study depicts wind energy system is now the most
efficient, ecofriendly and economical source of energy
among renewable sources, i.e., solar power, wind and tidal.
Wind energy is most abundant, available with no opera-
tional cost, and it is away from the releasing any gases
which cause harm to our environment at any form. The
wind energy system has the high conversion efficiency, and
overall environmental harmless makes it most favorable
choice as a supply of renewable strength to utilize for the
source of energy for humanity [1]. Wind generators are
much sensitive to the grid disturbances like faulty condi-
tion and voltage dips, etc. During fault conditions, over
currents reflect to the RSC through stator and rotor. To
protect the system during this condition, crowbar protec-
tion is used on the rotor windings to disable the RSC
temporarily. Whenever there is a fault occurred, the high
magnitude fault current is diverted by the crowbar resis-
tance; thus, the rotor-side converter (RSC) is protected. But
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Abstract

This paper proposes a sliding mode control (SMC) approach to design Hy, performance-based load frequency controller for
interconnected power system (IPS) with time delay. Incorporating an artificial delay, a sliding surface function is designed
to enhance dynamic performance of the power system. Linear matrix inequality-based stabilization criterion is derived using
Lyapunov—Krasovskii functional for multi-area power system. A novel SMC law is designed with artificial delay to drive the
system trajectory into the predefined sliding surface. The applicability of the proposed controller is proved by considering
a two-area time-delay IPS. Performance of the controller is verified from the simulation study of the time-delay IPS with
proposed controller in MATLAB/Simulink. Then, the controller performance is verified in real time by using OPAL-RT

OP4510 digital simulator.

Keywords H,, performance - Interconnected power system (IPS) - Sliding mode control (SMC) - Load frequency control

(LFC) - Time delay

1 Introduction

Stability in frequency is most important for stable power sys-
tem operation, because it balances the active power flow from
supply to demand. Fluctuation in frequency always makes the
operation of power system unsafe, i.e. generators and other
power devices deviate from their operating conditions in the
entire power system network [1,2]. Thus, frequency regu-
lation is not ignored in power system operation and control.
Load disturbance is the primary cause for frequency and volt-
age oscillation. Therefore, load frequency control (LFC) is
very much necessary for safe and stable power system oper-
ation [3—5]. To meet high power demand, simple single area
power systems are connected with each other via tie lines
and create a complex multi-area interconnected power sys-
tem (IPS) [6,7]. During normal operation of IPS, scheduled
amount of power sharing is done among different control

> Dushmanta Kumar Das
dushmantakumardas29 @ gmail.com

Subrat Kumar Pradhan
subrat.pradhan48 @ gmail.com

Department of Electrical and Electronics Engineering,
National Institute of Technology Nagaland, Dimapur 797103,
India

areas. But, the aim of a well-designed IPS is to maintain
both frequency and voltage within permissible limits dur-
ing abnormal period of power system operation, i.e. sudden
change in load demand [8].

Many research results have been obtained for solving
LFC problem in power system over last few decades.
Proportional—integral (PI) controller [9] is designed to solve
the LFC problem for single as well as multi-area power
system. Kharitonov’s theorem-based decentralized robust PI
controller [10] and Riccati-equation-based robust controller
[11] are designed for interconnected power system with
parametric uncertainty. Some other control schemes such as
active disturbance rejection control approach [12], adaptive
control approach with variation in system parameter [13] and
variable structure control using pole placement scheme [14]
are proposed for IPS. Besides the traditional control tech-
niques, some intelligent control techniques based on fuzzy
logic [15], genetic algorithm [16], neural network [17] and
bat inspired algorithm [18] are used to design hybrid con-
trollers for LFC of multi-area power system.

A finite time is always required for measurement of control
signals, computation of control action and actuation process
in a system. This is termed as time lag or time delay in a
closed-loop system. This delay affects negatively on the sys-
tem stability, because of its destabilizing property [19,20].

% @ Springer
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Abstract The performance of switching table-based
Direct Torque Control (ST-DTC) depends on number and
type of switching states. If there are greater number of
switching states and are distributed uniformly in the space,
then DTC can handle not only different types of loads but
also it can be operated in smoother way during high and
low speed operation. When DTC is considered for fault
tolerant drive, there are uneven distributions of switching
states. In this context, higher level inverter can be prefer-
able as it gives greater number of switching states which
are distributed nearly uniformly in the space. The artificial
neural network (ANN)-based DTC has the capability to
handle such situation in better way if the training data are
properly prepared. In this paper, the improvement of fault
tolerant capability of ST-DTC with three-level inverter (3-
LI) and ANN-based DTC for a five-phase induction motor
(5PIM) with one phase open (phase ‘a’) are compared. The
result shows that the use of ANN for fault tolerant DTC
reduces the torque and current ripple by 3% and
3.36% respectively. The SPIM 3-LI gives an opportunity to
use five-level torque comparator to handle transient and
steady-state load separately. Moreover, with ANN-based
DTC, the torque and current ripples are further reduced.

Keywords Three-level inverter - Fault tolerant capability -
Five-phase induction motor - Open phase winding -
ST-DTC - ANN-based DTC
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Introduction

Generally, the induction motor is controlled through an
inverter whose legs and level can be increased. Because of
this, the researchers are trying to exploit the advantage of
multiphase induction motor like reduction in per phase
current, reduction in torque ripple and fault tolerant capa-
bility, etc., to improve the overall system reliability as
compared to its three-phase counterpart [1-4]. In case of
three-phase induction motor (3PIM), if one of the phases is
isolated due to fault, it is difficult to apply DTC. However,
with multi-phase induction motor (more than three-phase),
DTC can be implemented with reduced load. When ST-
DTC is implemented to a five-phase induction motor with
two-level inverter (SPIM-2LI) with one phase open, there
are only 16 numbers of switching states which are not
uniformly distributed in space. With use of five-phase
three-level inverter to a faulty five-phase induction
machine with one phase open, the switching states are
increased to 81 and are distributed nearly uniformly in
space [5-7]. This gives added advantage for selection of
five-level torque comparator to handle the transient and
steady-state loading separately.

In recent time, researchers are taking more interest on
fault tolerant drive of multiphase machines (more than
3-phase) to improve the system reliability [3, 8, 9]. A fault
tolerant DTC of a SPIM applying virtual vector concept by
setting the dwell time of the vectors of a particular sector
for two-level inverter is explained in [10-12]. Model-based
predictive current control technique also used to handle the
fault tolerant drive [13]. The SPIM is also capable to run
with 3-phase operation mode by V/f control [14]. A six-
phase induction generator can be operated with three open
phases [15]. For reduction in torque ripple and to improve
the dynamic response, different intelligent techniques such

@ Springer
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Abstract-This study examined the design of a Load Frequency
Control (LFC) component in a four-area interconnected power
system. LFC maintains the frequency of a power system within a
prescribed limit. Various controllers for the LFC of a power
system have been proposed. The PID controller is a classical
approach to LFC. A PID controller that uses a filter in the
derivative part amplifies and smooths out the high-frequency
noise. The selection of the appropriate optimization method to
tune controller gains plays a vital role for LFC. In this work, the
PID controller was optimized using the Particle Swarm
Optimization (PSO) and the JAYA optimization methods and
was simulated in Matlab-Simulink. After studying and
comparing the results, it was concluded that the PID controller
using the JAYA algorithm provided better LFC in terms of
system settling time, overshoot, undershoot, and performance
index compared to other optimization methods.

Keywords-load frequency control; AGC; tie line; PIDN; PSO;
JAYA

I.  INTRODUCTION

An electric power system is a sequential arrangement of
components to generate, transmit, distribute, and utilize power
while continuously protecting it [1]. A power system has two
important parameters that need to be constantly monitored and
corrected: voltage and frequency. A generator generates power
at some voltage and frequency, and these parameters should be
controlled when there is a mismatch between active or reactive
power generation and demand [2]. There are basically two
methods to perform such control. When the active power
demand is not equal to the active power generation, the
frequency should be controlled, and when the reactive power
demand is not equal to the reactive power generation, the

Corresponding author: Bibhu Prasad Ganthia

voltage should be controlled [3]. Control of voltage and
frequency can be performed in two ways, which are the
primary and secondary control mechanisms. The primary
control mechanism examines the aspects of generation, as
generation remains constant most of the time while demand
varies [5]. In the primary control mechanism, the Automatic
Generation Control (AGC) has to match the demand by varying
the generation. But in emergency conditions, where it is not
possible to control generations, the load should be controlled,
which is known as the load side management [6]. AGC can
control voltage as well as frequency, i.e. load frequency control
plus excitation control [7]. In AGC, there is a generator that
generates active power F, and reactive power Q . The
generator gets input power from a turbine, and the turbine gets
input power from the boiler [8]. While the steam comes from
the boiler, there is a governor valve placed in the boiler to
control the steam. When the active power is delivered to the
bus, there is a comparator that receives and senses the
frequency f,; coming from the generator [9]. The comparator
has a reference frequency fy..r, which has to be maintained, and
if there is any difference between f; and f,..¢, there will be an
error f, which will be operated by the generator valve. This
whole closed loop is the LFC [10].

1L INTERCONNECTED SYSTEM

The operation of more than one interconnected areas is
known as an interconnected system or power pool or pool
operation [12]. Under normal operating conditions, each
control area carries its own load and each control area adopts
beneficial regulating and control strategies. These are two basic
operating principles of a multi-control area system [11]. Unlike
a small system, where a sudden change in load causes a large
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Abstract

For feasible wind power generation the speed of the rotor should be maintained balanced with respect to the production of
generator power. This research introduces a sliding mode controller to manage wind speed and preserve system stability. It is
useful to reduce the nonlinearities using an Artificial Neural Network based Radial Basis Function Neural Network (RBFN).
The tip speed ratio technique is utilized in this paper to harvest the most power from wind energy. To optimize this Tip Speed
Ratio (TSR) approach, a Proportional-Integral PI-RBFN tuned sliding mode controller was employed to obtain maximum
power while minimizing active power losses. Nonlinearities in the pitch angle due to variable wind speed can be solved using
this proposed technique. Hence in this paper the robustness of the modified Type-III wind turbine system is studied using
MATLAB Simulink. The Simulink results are compared with the existing technique of Double Fed Induction Generator
(DFIG) based modified Type-III wind turbines.

Keywords

Wind energy, Type III Wind Turbine, Wind Speed, Pitch Angle Control, RBFN, Sliding Mode Control, Power Smoothing.

1.Introduction

Wind energy, being a renewable source of energy, is now in high demand across all power sectors due to its clean and abundant
nature. It could be critical in balancing power demand and increasing energy efficiency for business and residential utilities [1].
The best part about this type of energy is that it does not pollute the environment by generating toxic gases. As a result, it is
employed to meet our energy needs as a useful source of energy. To attain high output, a balanced and dependable power system
with complete control is essential [2]. Renewable energy sources are becoming increasingly crucial in the huge Generation,
Transmission and Distribution system's balancing [3]. We now produce 15 to 20 million Megawatt of power from renewable
sources, with wind being the most cost-effective [4]. This can be utilized in both independent and grid-integrated modes to
balance out power needs. For complete control over power generation, transmission and distribution, a technical wind turbine
system requires both mechanical and electrical components. We started with double fed induction generators, which have no
control mechanism and generate losses owing to abrupt variations in wind speed because they are designed for fixed speed
operation [1] [16]. Later on we developed the type-III wind turbine system which uses DFIGs with full control over speed and
power generation. These are designed with Rotor side and grid side converter based with Maximum power point tracking abilities.
Then type-IV PMSG based but the cost is so high, these mechanisms are less used in the world. In our country India type —III
DFIGs are maximum used and play efficient power generations in both standalone and grid connected mode. But the controller to
the rotor side and grid side should be more precise and faster responsive techniques should be implemented. Many researchers are
using adaptive techniques like genetic algorithms, Artificial intelligence and meta-heuristic controllers for fault analysis during
transients [1][2]. Fuzzy logic controllers are another example of a control approach that can be used to provide a quicker response
to transients. Because the wind energy system requires a steady wind speed for reliable power generation, the wind speed should
be balanced between low and high speeds. Wind flow might be unpredictable, causing harm to the system, so the controllers for
the rotor and grid should be thoroughly evaluated and implemented [2] [3].

2.Literature Survey

The Lyapunov-based sliding mode control (SMC) approach has a number of advantages over previous approaches. For many
practical systems, it has been recognized as one of the most effective design methodologies [1][4]. It may be used to tackle issues
that are both linear and nonlinear. It may be used for both continuous-time and discrete-time systems, and it has long been
regarded as a reliable control system approach due to its simple design procedure and robustness to system uncertainties and
external disturbances. SMC's purpose is to transfer a system route's state to an appropriate area in a finite period of time and keep
it there. After that, the problem region is labeled as a sliding surface or switching, implying that the system state variables are
related. [3][5] It is completely defined by a differential equation that defines the dynamics of the system. Dynamic sliding mode
describes the system's behavior as it moves across the sliding surface. Chattering, a type of high-frequency oscillation that can
cause system instability and damage, is one of the most common and major undesirable phenomena that SMCs experience. SMC
was used in this work to control and regulate nonlinearities in order to get the most power out of it [6][13][15]. The adaptive
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Abstract Developing high-quality software is the ultimate
goal of any software development organization. But the
major challenge is to achieve good quality. It can usually
only be measured after delivery, and reliability is the pri-
mary measure of software quality. During development,
there are many attempts to assess software quality. To
solve the reliability problem of evaluating software, the
data mining model of BP neural network is proposed to
predict the reliability of software. Firstly, data mining is
carried out on the number of faults of the software, and
data such as the cumulative execution time and the corre-
sponding observed cumulative number of faults in the
testing process of the software within a set of specific times
are collected. Secondly, the training model of BP neural
network is built according to the failure data samples, and
the software is trained and learned according to the
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historical data, it is used to test the cumulative execution
time of the future stage, calculate the corresponding pre-
dicted cumulative failure number of the software, and then
verify the reliability of the target software. The example
proves that the BP neural network is more accurate in
predicting the 17th, 18th, and 19th groups of cumulative
failure times compared with the traditional nonlinear
modes, Jelinski-Moranda model, Goel-Okumoto model and
Yamada S-shaped model, the number of faults predicted is
more the prediction accuracy is higher, and it is more
suitable for application and reliability evaluation of
software.

Keywords Data mining - Software reliability - Nonlinear
measurement - BP neural network - Jelinski-Moranda
model (JM) - Goel-Okumoto model (GO)

1 Introduction

Developing high-quality software is the ultimate goal of
any software development organization, but one of the
most challenging aspects of quality, it can usually only be
measured after delivery, and reliability is the primary
measure of software quality. During development, there are
many attempts to assess software quality. Such estimates
are likely to aid the engineering of high-quality software by
providing useful insights to project managers. Data mining
is the use of various heuristic methods or tools to collect a
large set of data, which is stored in a database or data
warehouse for analysis, the goal is to discover hidden
patterns and relationships in the data set and summarize the
data in a form that decision makers can understand, that is
to realize “data, information, knowledge, value”
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Abstract

Global warming is the latest important discussion, and that is due to byproducts such as SO,, CO,, and NO,, and all countries
have started the initiation to minimize the emission level. For environmental concern and the welfare of society, the emissions
have to be minimized. Every electrical power generation company also needs to minimize the cost of operation for better
use. This paper uses different constraints to reduce both the generation cost and emissions. Because the thermally operated
power plants are non-convex and non-linear in nature, the emissions produced during generation are a complex mathematical
problem. To improvise the issues, we introduced renewable energy sources (RES) generation such as wind and solar power
along with the thermal power plant to analyze the Dynamic Economic Emission Dispatch (DEED). From an environmental
point of view, RES is used to reduce the level of environmental emissions. A position-based Whale Optimization Algo-
rithm (PWOA) is projected as the extension of WOA to upgrade the performance by accelerating the rate of convergence
and improving its capability. To verify the reliability and accuracy of the PWOA and solve the DEED problem, we utilized
the IEEE-30 bus 6 thermal unit and IEEE-57 bus 7 thermal unit testing systems, considering both the conditions with and
without RES generation. The outcome obtained from the simulation using PWOA shows the accuracy and efficiency of the
method for the reduction of operational cost and obtained emissions.

Keywords Dynamic economic emission dispatch - Position-based whale optimization - Wind power - PV power - Hourly

generation

Introduction

Thermal power plants, as we know, are the base load plants
that generate the majority of the electrical power. Its primary
fuel is fossil fuel, and after burning to generate heat, the
emissions are released into the environment. This emission
consists of SO,, CO,, NO,, etc_ which are very harmful to
the environment. India uses thermal power plants to satisfy
the major portion of its electric power demand and cause
harmful emissions. For the safety of our environment, it is
necessary to diminish the emission level. For sustainable
development, emissions have to be minimized, but on the
other hand, the growth of the population and technological
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advancement require more and more generation of power.
Due to this, demand for base and peak load increases. Nor-
mally, thermal power plants are used for base load demand.
To reduce the generating cost and emission level to a mini-
mum value, non-conventional power sources may be used.
But these types of plants depend on environmental condi-
tions and vary from time to time.

Problems associated with DEED are considered as a
multi-objective optimization issue used for minimizing the
fuel cost and environmental emission level by dispatching
generating power subject to different constraints within
the power system. Solving these two different objectives
within a single model is a difficult task. So, to reduce the
complexity of two objectives, it is required to reduce them
into a single objective problem. To improve the ED prob-
lem in practice, the model was modified to a dynamic sys-
tem of demanding loads over a single day (a 24 h span).
As development is linked to renewable sources, technology
is rapidly increasing, incorporating the inclusion of RES
to reduce harmful emissions, i.e., wind power sources and
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Despite the success of various enhancement techniques used in many bio-medical
applications, edge-preservation-based image enhancement remains a limiting factor for
image quality and thus the usefulness of these techniques. In this paper, a new
enhancement technique combining the variational mode decomposition (VMD) with the
Sobel gradient and equalization technique is proposed. The proposed algorithm first

E%Wvords decomposes the image into various sub-modes based on their frequency. The low-
Il;,age S sl ket frequency components are equalized using the conventional equalization technique,
Microscopic image whereas the high-frequency components use a traditional filter. Finally, the edge of the
Sobel operator o : 4 s - . L bt '

Median flter original image is added to the processed image for quality assurance. The proposed
Curvelet transform algorithm has two advantages over the existing approaches by enhancing only the low-
g{’,f,llim frequency components to extract the hidden artefacts and specifically de-noising the
MSVD high-frequency component. This process not only enhances the contrast, but also
Lt preserves the brightness of the image. A comprehensive study was conducted on the

experimental results of benchmark test images using different performance measure
matrices to quantify the effectiveness of the approach. In terms of both subjective and
objective evaluation, the reconstructed image is found to be more accurate and visually
pleasing. It also outperforms the state-of-the-art image-fusion methods, especially in
terms of PSNR, RMSE, mutual information, and structural similarity.

Contribution/Originality: This method combines the advantages of variational mode decomposition with a
multi-technology fusion to preserve some source image features while improving the image clarity, removing

blurring and noise, and increasing contrast.

1. INTRODUCTION

Proper diagnosis requires a good visual quality image with the hidden information present, as nowadays,
medical images are playing a vital role in clinical assessment [17. But practically, finding a suitable image and
imaging system is very difficult because the image collected by the electron microscope or different medical image
acquisition equipment is not up to standard. So post-processing must be deployed for better results and perception.
Contrast enhancement is one of the popular image and video signal processing techniques used to improve image
quality in various applications where human perception and recognition play a vital role. In some cases, it is also
critical to highlight the essential image domain features for automatic pattern recognition and machine learning. As
per the view of different researchers, finding the right balance of brightness and contrast is necessary for a good

quality image [17. Based on this principle, image enhancement is an important preprocessing technique for better

44
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Abstract

This paper presents a micrometer scale of a bar-type traveling wave ultrasonic motor. The proposed work is based on the
cylindrical micro ultrasonic motor which consists of an 8 piezoelectric bar, is very small in size, and has been designed
through a Micro-meter scale. It produces a high power/weight ratio, and efficiency is independent of the size of the motor.
The different parameters of such motors are studied and analyzed. The motor produces an output power of 5.7 pW. The
output torque is 0.28 nN. The produced rotation per minute is 2620 RPM with a preload of 0.98 uN. There is a great demand
for high drive power for micro loads in many fields as per their requirement or field of application, such as micro-robots,

microsurgery equipment, and MEMS applications.

Keywords Ultrasonic motor - Piezoelectric - MEMS - Actuator

1 Introduction

Nowadays piezoelectric ultrasonic motor is widely used in
many fields, such as in medical microsurgery equipment and
ultrasound [22], 18. On the other hand, ultrasonic motors are
used in micro-robots [8] and micro cameras for autofocusing
purposes [1]. Due to non-electromagnetic operation [12], the
demand for ultrasonic motors is increasing rapidly. Besides
this, the geometry and fabrication of ultrasonic motors are
very accessible [11]. Piezoelectric material has the prop-
erty of converse piezoelectric effect for which the external
electric field is applied to a piezo material [5], it produces
mechanical deformation on it. In the case of the ultrasonic
motor sinusoidal wave with ultrasonic range, frequency is
applied to piezo material to produce mechanical changes
named bending modes [4]. According to geometry, design,
and operational principles [9, 16, 24] the piezoelectric ultra-
sonic motor is divided into some types [7]. The proposed
ultrasonic motor is named a cylindrical bar-type traveling
wave micro ultrasonic motor. Ultrasonic motors are very
renowned for their high torque output at low speeds.
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Several works on cylindrical traveling wave ultrasonic
motors are going on Kanda et al. describes the high output
power generated in cylindrical bar-type stators [10]. Accord-
ing to operational principles, the performance is described
by Tian et al. [21]. In the count of advancement in this work,
the size of the cylindrical traveling wave type ultrasonic
motor is minimized by using scaling of the piezoelectric
ultrasonic motor by Mashimo [13]. All the motor outputs
like torque etc. are retained and calculated in this study. In
addition, frictional material is avoided, and preloading for
purpose of rotor stabilization is minimized [2], 20. Consid-
ering these many physical things into account the study is
progressed and the required data for the miniaturized motor
has been studied. To discuss the application field of the pro-
posed motor, it can be utilized in the medical field and others
where electromagnetic motors are restricted piezoelectric
motors take the advantage of it [14]. Piezoelectric motors
can produce high torque as compared to electromagnetic
motors when the small-scale design is considered [27].

In this article, a Microscale cylindrical ultrasonic motor
has been designed and various parameters were analysed.
Design of the proposed structure along with the FEM and
numerical analysis is carried out in Sect. 2. The section
is also divided in to four parts such as the design of the
structure, operating principle, FEM analysis, and numeri-
cal analysis. In Sect. 3, the results obtained from FEM and
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Abstract

Design of corona virus testing kit is proposed in this paper using silicon based 3D photonic structure through zirconium
quantum dot solution at the signal of 412 nm. The principle of measurement depends on the computation of reflectance,
absorbance and transmittance of virus based quantum dot solution. In this paper, the reflectance is studied through the
analysis of photonic band gap and absorbance is made through its numerical treatment. Further, the numerical investigation
shows that the transmitted energy through photonic structure would determine the type of corona virus. For example; if the
transmitted energy lies within the visible spectrum the sample would be normal corona virus. However, the sample could
be IBV (SARS COV-2) if the transmitted energy would be Infrared.

1 Introduction

A novel corona virus is a new damage that has not been
previously identified in humans. However, it is originated
in the Wuhan city of China in December 2019. The disease
infects the people and the rate of infection grows expo-
nentially among the people. The corona virus has large
family of viruses, which cause the illness ranging from
severe diseases (MERS and SARS) (Cui et al. 2019; Forni
et al. 2017). However, all common colds do not belong to
the novel corona viruses. There are different corona viruses
such as N5HI, N5H2, H9N2, H4N6, FAdV, and IBV
(Ahmed et al. 2018). The infectious bronchitis viruses
(IBV) have different characteristics with respect to the
others. Moreover, the properties of the IBV are similar to
the present novel corona viruses (Crossley et al. 2012;
Editorial Commentary 2020). So, SARS COV-2 or novel
corona virus or COVID-19 belongs to the family of IBV. It
is caused by sever acute respiratory syndrome. Basically,
such viruses spread through the close contact via talking,
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coughing, sneezing and through the touching of contami-
nated surface. Moreover, the common symptoms of these
diseases are fever, tiredness, breathing problem, and the
loss of smell aside cough and sneeze. The time of exposure
of such diseases is about 5-6 days. However, currently the
time range of 2 to 14 days are considered as the time of
exposure. However, it is extended to 21 days in some
cases. Since medicines are not available for such disease,
hydrochloride based medicine and plasma therapy are
applied on a hit and trial basis. However, it is important to
increase the immune system of the patients to keep away
such diseases. Though no real medicine have been used for
the same so far, some preventive measures including
covering mouth while coughing and sneezing, frequently
hand washing with soap, wearing a face mask in public
places, maintaining distances and self isolation for mini-
mum 14 days, have been advised and recommended now a
days. As far as diagnosis of this disease is concerned,
reverse transcription polymerase chain reaction (RTPCR)
of infected secretion or CT imaging of the chest are used to
know the status of the disease (CT provides best diagnosis
for COVID-19 2020; Ai et al. 2020). Ribonucleic acid
(RNA) testing of respiratory is used as standard test for
SARA CoV-2. Recently various laboratories and compa-
nies are designing serolaboratories (Coronavirus disease
(COVID-19) technical guidance: Laboratory testing for
2019-nCoV in humans, World Health Organization 2020),
which will diagnose the antibody of the same. However the
accuracy is the matter of concerned here. Imaging features
of the chest radiograph and computer tomography are used
for symptomatic nature (Vogel (2020). Further comparing

@ Springer
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Abstract In this study, an attempt has been taken to fabri-
cate a new class of hybrid composite consisting of polyester
as a matrix material with glass and jute fibers for reinforce-
ment. Twelve composite specimens have been fabricated by
varying the fiber loading and orientation; further, the effect
of fiber content and orientation on different physical crite-
ria (density, void content and water absorption behavior),
mechanical criteria (tensile and flexural strength) and ero-
sion wear property of the prepared samples are investigated.
Experimental design of Taguchi is implemented to study the
effect of various control factors such as standoff distance,
impact velocity, composite composition, fiber orientation
and impingement angle on erosion wear rate of the com-
posites. Scanning electron microscopic analysis is done on
the fractured surface of the composites to study the mode of
failure under tensile and flexural loading conditions. From
the experimental results, it is found that inclusion of fiber
decreases the density of the composites, whereas the void
and mechanical properties increase with fiber loading. From
the Experimental design of Taguchi, it is found that compos-
ite composition is the most influencing control factor affect-
ing the wear rate of the composites.

Keywords Polyester - Hybrid composites - Surface
morphology - Physical properties - Mechanical properties -
Erosion wear behavior
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Introduction

Both Natural and synthetic fiber-reinforced composites are
gaining attention due to their number of advantages such
as low density [1, 2], improvement in mechanical proper-
ties [3, 4], environmental friendly [5-7] and low cost [8].
These fibrous composites replace many traditional materials
for different applications like transportation, automobiles,
aerospace, construction, sports equipment, military usage,
packaging, home appliances, etc. However, poor compat-
ibility and moisture absorption are the major drawbacks of
fiber-reinforced composites [9]. The rate of water absorp-
tion is high in natural fiber composite due to the existence
of hydroxide and other polar groups in several constituents
of natural fiber. Therefore, to overcome these problems, the
most important criterion is to confer hydrophobic nature to
the fibers by treating them with suitable chemicals [10-12].
The compatibility can be enhanced by improvement in
fiber’s surface roughness, which can be obtained by alkali
treatment of fibers [13—15].

Incorporation of Jute fiber furnished an increase in the
mechanical properties of the natural fiber for reinforced
polymer composites [16, 17]. It was reported that, with the
alkali treatment, tensile and bending strength of the jute
fiber-based polymer composites increased by 30% and 50%,
respectively [18]. The effect of fiber loading on mechanical
characteristics of sisal/jute, glass—jute epoxy composites was
studied by Srivastav et al. [19, 20]. Goriparthi et al. [21]
analyzed the tensile strength and water absorption properties
of polylactide-jute fiber composites in hygro-thermal envi-
ronment. Bledzki et al. [22] studied that jute fiber-reinforced
polypropylene composites have better mechanical proper-
ties than those of kenaf fiber-based composites. A similar
report published by Gowda et al. [23] showed that polyester
matrix filled with jute fiber composites has better mechanical
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Abstract In this paper, we have emphasized the stability
analysis of the accelerating cosmological models obtained
in f(T) gravity theory. The behaviour of the models based
on the evolution of the equation of state parameter shows
phantom-like behaviour at the present epoch. The scalar per-
turbation technique is used to create the perturbed evolution
equations, and the stability of the models has been demon-
strated. Also, we have performed the dynamical system anal-
ysis for both the models. In the two specific f(T) gravity
models, three critical points are obtained in each model. In
each model, at least one critical point has been observed to
be stable.

1 Introduction

The theoretical studies and cosmological observations of the
Universe suggest that at early times Universe has passed
through the inflationary stage and at late times in the accel-
erated phase. Theoretically, it can be achieved in two ways.
In the first approach, the Universe content is to be altered
with the introduction of additional fields, phantom scalar,
canonical scalar, vector fields and so on [1-3]. The second
approach is to modify the gravitational sector [4]. Usually, the
modified gravitational theories are formulated by extending
the Einstein-Hilbert action, which is curvature-based; how-
ever, another class of gravitational modification can be done
by extending the action of equivalent torsional formulation
of General Relativity (GR) e.g., the teleparallel equivalent
of GR (TEGR) [5-9]. The framing of the modified theory
of gravity that leads to second-order equations in the four-
dimensional space-time can be started from TEGR. In GR,
the Levi-Civita connection means curvature, but no torsion
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has been used whereas in teleparallelism, the Weitzenbock
connection means torsion, but no curvature has been used
[10]. In this framework, the dynamical objects are the four
linearly independent tetrad fields that forms the orthogonal
bases for the tangent space at each point of space-time. Also,
the torsion tensor has been formed from the products of the
first derivative of the tetrad. The f(R) gravity is the simplest
modification of GR and so also the f(T) gravity, which is
a simple modification of TEGR. It is well known that the
action of general teleparallel gravity fails to satisfy local
Lorentz invariance [11]. In the formulation of f(7') grav-
ity [12—-14], one begins with pure tetrad teleparallel gravity
and the spin connection is considered to vanish identically.
So, the torsion tensor is effectively replaced by coefficients
of the governing parameters, which are not tensor under local
Lorentz transformations. The violation of local Lorentz sym-
metry has been ignored in TEGR as it does not affect the
field equations, but this is an issue in f(7") gravity. It is note-
worthy to mention that the teleparallel gravity utilizes the
teleparallel connection re wv [15,16], which has the torsion
but vanishing curvature. Whereas in curvature based geome-
tries, the Levi-Civita connection, r v of the metric is used,
which has non-vanishing curvature of space time. Both the
connections are metric compatible.

The problems related to expanding Universe and late time
acceleration are studied in f(7) gravity [12—-14,17,18]. In
this gravity, Wu and Yu [19] have performed the dynamical
system analysis in the power-law model. They have shown
the stable de Sitter phase and unstable matter and radiation
dominated phase. Hohmann et al. [20] have shown that there
are no trajectories, which would start from an initial accel-
erating period, then decelerates and finally transition back to
the accelerating de Sitter phase. Bamba et al. [21,22] have
shown the finite time future singularity. Another important
study in f(T) gravity is the Noether symmetry approach
to find the exact solution to the given Lagrangian [23,24].
Zheng and Huang [25] have compared their model framed
through the power-law with the observational prediction of

@ Springer
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Abstract Extremely toxic H,S gas is produced in huge
quantities across the world as a byproduct of the desulfu-
rization of hydrocarbon fuels. This H,S gas is further
converted into sulfur in sulfur recovery units. However, the
valuable hydrogen content is lost as water vapour. It
emphasizes the importance of proper exploitation of this
resource. A continuous two-steps cyclic process for pro-
ducing H, and sulfur simultaneously has been derived in
this study. The first well-studied photocatalytic step gen-
erates hydrogen by water splitting in the presence of sulfide
(S*) and sulfite (SO%’), the sacrificial agents. Here, these
sacrificial agents are converted into thiosulfate (Sgog’). In
the second step, this 5203* reacts with hydrogen sulfide
(HS") to form elemental sulfur, along with generation of
$*" and SO%‘, which are again reused in the first step. The
kinetics of the reaction involved in the second step
(HS™ +$,05 + OH™ — S+ S* +S0;™ + H,0) were
studied in the present work. The reaction was found to be
non-elementary with a rate law of k[HS_}l/ Z[SZO_%_]S/z.
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The observed rate law is of the order of 1.5 with respect to
thiosulfate and 0.5 with respect to HS™ ions. A reaction
mechanism for the second step consistent with the kinetics
was also proposed. The rate constant was observed to be
1.075 x 100 ~62280/RT /M /s. This new proposed close
cycle may simultaneously achieve green and renewable H,
production along with H,S removal.

Keywords H,S - Dissociation - Sulfur - Kinetics

Introduction

Hydrogen sulfide (H,S) is a very poisonous and corrosive
gas with a rotten egg stench [1]. H,S is often produced by
natural processes such as microbial metabolism in the
absence of oxygen or volcanic eruptions. However, in
current civilization, the major sources of H,S are ascribed
to human need based industries such as crude oil refineries
(desulfurization), coal industries, and natural gas produc-
tion. A quantity of H,S in the air exceeding 320 ppm might
cause pulmonary edema and mortality [2]. Therefore, H,S
must be properly eliminated from these industries and
associated human activities. H,S is made up of two
hydrogen atoms. As a future energy carrier, H, may play a
pivotal role [3]. The Claus process, which produces sulfur
and water via a high-temperature oxidation phase followed
by a low-temperature reduction step, is the standard and
well-known technique for H,S removal (Egs. 1, 2) [4, 5].

2H,S + 30, — 250, + 2H,0 (1)
250, + 4H,S — 6S | +4H,0 (2)

Due to the requirement of higher temperature, the
energy consumption of this process is rather significant.

@ Springer
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ABSTRACT

The present investigation proposes a Bayesian Regularized Artificial Neural Network
(BRANN) based multi input single output (MISO) soft sensor. It predicts the value of air
quality index (AQI) by receiving measured inlet concentration of different air pollutants
such as particulate matter-2.5 (PM, s), particulate matter-10 (PM1g), SO,, NO5, O3, and
CO. The performance of BRANN is also evaluated comparing with other two soft sensors

namely, scaled conjugate gradient trained artificial neural network (SCGANN) and
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Abstract

Higher alumina and lower iron content in Indian iron ore fines is a major problem for its effective utilization in the iron-
making process. India is the second largest steel producer in the world with an annual production of 200 million tons in the
year 2020, whereas iron ore beneficiation of this country is highly derisory. Only 52 concentrators are required to produce
220 MTPA of iron ore. Most of the concentrator's benefits are limited to sizing and washing. In recent years, the Teetered
Bed Separator (TBS) has gained significant importance and appeared as a viable option for beneficiating a variety of fine
minerals. So, a systematic study has been carried out to verify the suitability of the TBS to reduce the alumina content and
improve the iron grade in Indian iron ore fines. As the performance of gravity separation processes strongly depends on the
feed particle size, a size-by-size beneficiation study was carried out to delineate the role of particle size on the performance of
the TBS. Based on this study, the TBS is established to be a possible alternative to the other conventional equipment used for
the beneficiation of iron ore fines.

Keywords: Beneficiation, Iron Ore Fines, Partition Coefficient, Separation Efficiency, Teetered Bed Separator

1.0 Introduction

India has a substantial amount of iron ore capital of about
31,213 million tons, of which about 34% is of magnetite
and 66% of hematite type'. The physical and mineralogical
properties of an ore play a vital role in the extraction of
metal in a profitable process. High hematite content and
low energy requirement for crushing are two prominent
features. Indian iron ore is generally softer with high clay
content with fines (-10 mm size) during the preparation
of the ore. The use of these fines is restricted due to its
lower quality. These fines were rejected into the tailing
dam. Indian iron ore which makes it a potential economic
source of iron. As per the Steel Policy 2017-18, around

*Author for correspondence

450 MTPA (million tons per annum) of high-grade iron
ore resources are required to meet the steel demand of
300 MTPA in 2030°. However, as it is of lateritic origin
with goethite abundance, a huge number of fines (-10
mm size) are produced in the size reduction step. The
generated fines are characterized by aluminium gangue
mineral (3-6 %) in addition to low iron percentage’®. The
low iron content of these fines prevents them from being
processed in blast furnaces for iron extraction and chart
their path to the tailing ponds used for the waste. Further,
it has been documented that, a -100 mesh fraction in the
sinter feed can be used up to 40%, by micro-balling of
the sinter mix before sintering. The scarcity of high-grade
iron ores and environmental concern in using new mines
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ABSTRACT

The rapid growth of industrialization commences the utilization of lubrication oil in various
machinery and automobile sectors. Waste Lubricating Oil (WLO) is the used oil which is released
by industries and vehicles as a waste product. The toxicity of WLO is due to the lubricants of the
machine associated with asphaltene content, residual carbons, heavy metals, and other dirt materi-
als. The elemental content of WLO is calcium, magnesium, lead, iron, and chromium, containing
1020, 367, 16, 36, and 180 ppm, respectively. These oils are usually generated from motor garages,
accidents, cement industry, textile industry, and food industry, mining industry, etc. Disposal of
WLO directly into the environment, especially rivers, seas, and lakes, causes serious problems.
WLO containing heavy metals and toxic hydrocarbon pollutants has various impacts on the soil by
reducing water holding capacity, moisture content, activities of microorganisms etc. As a result, it
has a negative effect on human health by triggering disorders in a wide range of human organs.
When these metallic wastes come into touch with the skin, it both irritates and sensitizes it. It has
also several impacts on aquatic life, such as a decrease in fertility rate and growth of aquatic ani-
mals. Physicochemical methods can’t recommend the treatment of WLO due to the involvement
of secondary pollutants allied with these processes. Bioremediation can be effectively applied to
the management of waste lubricating oil pollutants by utilizing natural or enhanced microbial
activity to degrade and transform the contaminants present in the oil. In order to address the
issues with traditional approaches, this review concentrated on the origins and key pollutants of
WLO, its effects on humans and the environment, and the need of a sustainable bioremediation
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plan.

Introduction

Lubricating oils are very important in industries, including
friction reduction on machinery parts, engine and gear
lubrication, and driving hydraulic winches, cranes, and other
heavy machines. Further, the common use of lubricating oil
includes friction reduction in vehicles Releases are facilitated
by riverine and atmospheric movement, storm water, and
calamities. Pollutants such as Plastics and microplastics get
aggregated, and sink in surface waters where they are con-
sumed by creatures and dispersed by currents. The final
location is anticipated to be in ocean sediments. The quality
of lubricating oil deteriorates due to oxidation, contamin-
ation with moisture, contamination with ethylene glycol,
and metal corrosion. Over time, the tribological and rheo-
logical properties of the oil undergo a gradual deterioration,
ultimately resulting in its transformation into waste oil. The
deteriorated lubricating oil or waste lubricating oil (WLO)
contains toxic substances, heavy metals, carbon residue,
asphaltene, aromatic, aliphatics, diversified organics and
inorganics, water, and other dirt materials. For this reason,
the WLO exhibits detrimental impacts on both the

environment and human populations (Mishra et al. 2021).
Improper dumping of hydrocarbon pollutants may cause
death to plants and animals (Mohanta et al. 2023; Behera
et al. 2021; 2022; Hentati et al. 2013; Sammarco et al. 2016).
The heavy metals in lubricating oil must be pretreated
before releasing into the environment. Major heavy metals
present in WLO are Arsenic (As), Cadmium (Cd),
Chromium (Cr), Copper (Cu), Mercury (Hg), and Lead (Pb)
(Adesodun and Mbagwu 2008). The types of metal found in
WLO depend on the process of lubricating oil. The metals
found in WLO are not necessarily the same as those found
in unused lubricating oil. In the year 2019, lubricating oil’s
global consumption reached 48 million tons (Yang et al.
2021). An annual utilization rate of 60% for oil-based lubri-
cants, the global scale emission of 70 million liters of dele-
terious lubricant oil can be inferred. According to a
statistical investigation of algae potentiality in bio sorption,
it absorbs about 15.3-84.6%, which is higher than other bac-
terial bio sorbents (Kuanar et al. 2022). Heavy metals pollu-
tion is one of the most pervasive forms of pollution, since it
is produced in large amounts by both the industrial and

CONTACT Ipsita Dipamitra Behera @ ipsitadbehera@gmail.com @ Department of Chemical Engineering, Indira Gandhi Institute of Technology, Sarang, Odisha,
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ABSTRACT

Petroleum hydrocarbons, which are organic molecules consisting of carbon and hydrogen, are
found in crude oil. Due to human activities like oil spills, leaking storage tanks, and transportation
accidents, they are pervasive environmental toxins. This contamination can have negative conse-
quences on the ecosystem, including soil, water, and air pollution, and agricultural land is not
immune. There are several variables that can affect how petroleum hydrocarbons affect agricul-
tural land, including the particular hydrocarbon, the properties of the soil, and the current climatic
circumstances. The porosity, permeability, and water-holding capacity of soil have been influenced
by petroleum hydrocarbons. This might result in soil compaction, decreased infiltration, and higher
runoff, affecting agricultural land production. Hydrocarbons can also impair soil aeration, resulting
in anaerobic conditions that can harm the soil microbiome and hinder plant development.
Petroleum hydrocarbons can change soil’s pH and nutrient availability, which can affect its chem-
ical characteristics. Through modifications to microbial activity, diversity, and composition, petrol-
eum hydrocarbons can affect the soil's biological characteristics. Reduced soil fertility and
production may result from this. The kind of hydrocarbon, the properties of the soil, and the type
of crop are only a few of the factors that affect how petroleum hydrocarbon pollution affects agri-
cultural productivity. Some crops are significantly more susceptible to hydrocarbon contamination
than others, which can impact their yield. To limit the spread of petroleum hydrocarbon contamin-
ation, a number of physicochemical strategies have been used to the contaminated areas, but this
has resulted in significant chemical consumption, high treatment costs, and the production of sec-
ondary pollutants that harm the environment. The biological remediation method, on the other
hand, makes use of microorganisms or plants to break down or remove toxins from the soil. This
review articles focus on the effects of petroleum hydrocarbon pollution on agricultural land and
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elaborates the remediation methods that may be applied to lessen these effects.

Introduction

Organic substances called petroleum hydrocarbons, pro-
duced from crude oil, are extensively employed in many sec-
tors. However, the unintentional release or improper
disposal of petroleum products can contaminate soil and
water, seriously negatively affecting the well-being of human
populations and the ecosystem (Behera et al. 2021; 2022;
Mishra et al. 2021; Siddiqi et al. 2022). Over the past cen-
tury, there has been a tenfold increase in the use of hydro-
carbons, such as petroleum and its byproducts, in industry
and daily life, leading to hydrocarbon contamination of both
land and water. Oil spills and leaks threaten aquatic or mar-
ine species all over the globe, and some 35 million barrels of
oil are carried across the seas every year, putting the aquatic
environment at risk (Banerjee et al. 2016). Another signifi-
cant issue is the contamination of soil by oil spills, which
poses a substantial and sometimes fatal risk to human health
and causes groundwater pollution, environmental issues, and

decreased agricultural land production (Saeki et al. 2009).
Such instances of water and soil contamination have
increased in frequency recently.

Given that many hydrocarbon compounds have poison-
ous properties, these have adverse short-term and long-term
effects. These contaminants linger in soil and water for years
on end, frequently. In the Year 2021, Federal documents
show that the operator neglected to make the necessary
repairs, which led to the burst of a highly corroded pipeline
and the spilling of more than 300,000 gallons of diesel fuel
just outside of New Orleans; a similar incident occurred in
Bangladesh’s Sunderbans in 2014 when 350 tonnes of oil
were spilt into the river Sela over a 70 sqr km area, endan-
gering the mangrove forest there as well as the various spe-
cies of flora and fauna. Petroleum oil is transported across a
huge pipeline network in India (Khan et al. 2004). Oil spills
caused by pipeline leakage; leaking oil or tanker accidents
are frequent yet incredibly harmful to the environment. In
addition to petroleum, diesel also contains mixes of
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Background: Synthetic Microfiber pollution poses a significant rising threat to the environment and human
health. During manufacturing, use, and disposal at the end of their useful lives, textiles release microfibers into
the environment. Microfiber pollution poses a potentially significant and rising risk to the environment,

:Zlcluct;?; necessitating safeguards and sustainable growth in the textile and fashion sectors.
MicZobia% mitigation Methods: Annually, around 9 million tonnes of microfibres are produced, with 60% being synthetic and 25%
Sustainability being non-synthetic or natural. During the washing of synthetic clothes these microfibres fleece are released and

discharged into municipal water streams and end up in rivers and marine ecosystem. These emerging pollutants
are being underestimated during environmental impact assessments various aquatic ecosystems, leading to po-
tential widespread of damaging contaminant. Microfiber waste management through biological and chemical
approaches has been evaluated for the treatment of these pollutant. The present biological approaches focus
upon microbial degradation of synthetic pollutants in the natural environment.

Significant findings: In this review, we deliberated the recent advances on microfiber pollution and its microbial
mitigation and elaborately describes the sources of microfibers in aquatic, the harmful effects of microfiber
pollution on environment and human health. Moreover, the manuscript the mechanism of microbial remediation
of microfiber pollutants, the factors affecting the bioremediation process, novel strategies for microfiber waste
treatment and conclusively discussed different approaches of sustainable microfiber waste management.

1. Introduction ecosystems [8,9]. Synthetic fibre such as nylon, polyester, acrylic, and

Polypropylene liberated during domestic laundering, textile industries,

Tiny synthetic fibre particles, which are releasing into the environ-
ment by textiles during manufacture, usage and disposal are called
Synthetic Microfibers (SMFs). Microfibers are the most wide-ranging
particulate contaminants, detected in all ecosystems [1-3]. They are
mostly considered as microfibers but comprise natural as well as syn-
thetic textile fibres. Synthetic fibres are small plastic threads of different
textiles comprising clothes, fishing net, ropes, tyres, tie, and lace, etc.
[4]. Along with several other anthropogenic pollutants microfibers are
largely spread over the terrestrial and aquatic ecosystem [5-7]. Ac-
cording to current knowledge about microfibers pollutants, both the
global society and scientists are delegating more importance for these
pollutants. It is also a serious environmental problem for aquatic

* Corresponding author.
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domestic drainage, direct dumping off garments are presumed to be
enormous source of microfiber in the environment [10-13].
Approximately 5 milion metric tons of the synthetic enter and nat-
ural microfibers enter the environment annually. The number of syn-
thetic microfibers presently contaminating the environment is estimated
to exceed 6 million metric tons [2,14]. As per the report by [15], an
average domestic and commercial laundry machine releases approxi-
mately 1. 05 MMT of synthetic microfibers annually. The synthetic
microfibers from other sources such as textile manufacturing including
dyeing, printing, finishing, and other textile applications released up to
4.20 MMT globally. Apart from textile industries, other potential sources
of microfibers are single-use million surgical face masks, cigarette butts,
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Abstract

Higher alumina and lower iron content in Indian iron ore fines is a major problem for its effective utilization in the iron-
making process. India is the second largest steel producer in the world with an annual production of 200 million tons in the
year 2020, whereas iron ore beneficiation of this country is highly derisory. Only 52 concentrators are required to produce
220 MTPA of iron ore. Most of the concentrator's benefits are limited to sizing and washing. In recent years, the Teetered
Bed Separator (TBS) has gained significant importance and appeared as a viable option for beneficiating a variety of fine
minerals. So, a systematic study has been carried out to verify the suitability of the TBS to reduce the alumina content and
improve the iron grade in Indian iron ore fines. As the performance of gravity separation processes strongly depends on the
feed particle size, a size-by-size beneficiation study was carried out to delineate the role of particle size on the performance of
the TBS. Based on this study, the TBS is established to be a possible alternative to the other conventional equipment used for
the beneficiation of iron ore fines.

Keywords: Beneficiation, Iron Ore Fines, Partition Coefficient, Separation Efficiency, Teetered Bed Separator

1.0 Introduction

India has a substantial amount of iron ore capital of about
31,213 million tons, of which about 34% is of magnetite
and 66% of hematite type'. The physical and mineralogical
properties of an ore play a vital role in the extraction of
metal in a profitable process. High hematite content and
low energy requirement for crushing are two prominent
features. Indian iron ore is generally softer with high clay
content with fines (-10 mm size) during the preparation
of the ore. The use of these fines is restricted due to its
lower quality. These fines were rejected into the tailing
dam. Indian iron ore which makes it a potential economic
source of iron. As per the Steel Policy 2017-18, around

*Author for correspondence

450 MTPA (million tons per annum) of high-grade iron
ore resources are required to meet the steel demand of
300 MTPA in 2030°. However, as it is of lateritic origin
with goethite abundance, a huge number of fines (-10
mm size) are produced in the size reduction step. The
generated fines are characterized by aluminium gangue
mineral (3-6 %) in addition to low iron percentage’®. The
low iron content of these fines prevents them from being
processed in blast furnaces for iron extraction and chart
their path to the tailing ponds used for the waste. Further,
it has been documented that, a -100 mesh fraction in the
sinter feed can be used up to 40%, by micro-balling of
the sinter mix before sintering. The scarcity of high-grade
iron ores and environmental concern in using new mines
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Experiments have been carried out in an inverse fluidized bed biofilm reactor (IFBBR) to study the effects of carbon to
nitrogen (C/N) ratio, temperature (T), and pH on the removal of ammonia-nitrogen (NH;'-N) from wastewater using mixed
microbial-culture. IFBBR is operated at settled bed volume to reactor volume ratio (Vy/V,) of 0.380, superficial gas velocity
(Uy) of 0.0085 m/s, and liquid recirculation velocity (U;) of 0.0021 m/s. Three initial NH,"-N concentrations (40, 100, and
200 mg/L) are considered here. Effects of different parameters are studied for wastewater treatment by varying C/N ratio
from 0.0 to 2.5, T from 26 to 34°C, and pH from 7.5 to 9.0. Maximum NH,"-N removal is observed at C/N ratio of 0.0, T of
30°C, and pH of 8.3. NH,'-N removal is found to decrease with increase in C/N ratio. Both NO;-N formation and
nitrification percentage are found to decrease with increase in C/N ratio and initial NH,-N concentration. Fractional
Factorial Design analysis is used to predict the NH,-N removal. Average absolute percent deviation is found to be 11.75
implying the proposed correlation is in good agreement with experimental values. Kinetic constants are found to be higher

than the values reported in literatures.

Keywords: Ammonia-nitrogen, Carbon to nitrogen ratio, Fractional factorial design, Inverse fluidization, Nitrification,

Wastewater treatment

Beyond regulated limits, aquatic systems contaminated
with NH,4'-N causes eutrophication, deteriorates taste
and odour, reduces dissolved oxygen (DO) level,
complicates the chlorination process, damages human
nervous system', and is toxic to aquatic organisms’.
This pollutant can be removed physically, chemically,
physico-chemically, or biologically’. Use of biological
treatment of wastewater containing NH,-N s
advantageous due to ease of operation, no addition of
chemicals, less volume of regenerated sludge, low
operational expenses, and high efficiency'*. The two-
step biological conversion of NH,4'-N first to unstable
nitrite-nitrogen (NO,-N) by Nitrosomonas and then to
less harmful nitrate-nitrogen (NO;3-N) by Nitrobacter
is known as nitrification®. The stability of nitrification
depends on several factors such as T; pH; DO level;
salinity; presence of toxicants, heavy metals, and
organic substrate(’; and concentrations of NH; -N, NO,’
-N, and NO5-N*.

The nitrifying bacteria become more active and
reproduce rapidly at increasing temperatures between
5 and 40°C with zero nitrification rates being observed
above 40°C and below 5°C’. Autotrophic aerobic

ammonia-oxidizing  bacteria  responsible  for
nitrification are mesophilic in nature which grow well
in this temperature range. Nitrification rate was
reported to be maximum in the temperature range
between 30 and 35°C®. Devi and Setty have studied the
removal of NH,'-N in the temperature range between
24 and 39°C and observed the maximum NH,-N
removal to be occurring at 30°C°. Nitrification process
is pH sensitive. Autotrophic aerobic ammonia-
oxidizing bacteria responsible for nitrification are
neutrophilic in nature which has higher growth rates in
the pH range of 7.5 to 8.5 and can remain active in the
range of 5 to 8.5. But for laboratory work, the optimum
pH range was reported to be 8.1 to 8.5. As the pH of
wastewater is dependent on alkalinity, substances such
as sodium bicarbonate or magnesium hydroxide are
used to maintain the required pH ranges. Initial
alkalinity and initial concentration of NH, -N decide
the amount of alkaline substances to be used'’.
Autotrophic  microorganisms  under  aerobic
conditions derive energy from inorganic carbon rather
than organic carbon sources for their growth''. In
biofilm systems, the presence of organic carbon affects
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Abstract

Heat transfer characteristics of fluids is rather peculiar when the bulk fluid temperature
approaches pseudocritical point. In the present paper, computational fluid dynamics (CFD)
methodology has been used to predict the attainment of pseudocritical temperature of steam
in a typical spiral pipe. Abrupt changes in fluid properties near pseudocritical point are
captured using commercially available CFD tool Ansys Fluent. The CFD methodology is first
validated with experimental results available in literature for the specific type of problems.
Then attainment of pseudocritical point in a steam pipe of an industrial boiler is predicted.
For a specific mass velocity and heat flux condition, the axial location is identified where
bulk fluid temperature attains pseudocritical point. Density, dynamic viscosity, and thermal
conductivity of steam take sudden dips when bulk fluid temperature attains a value of 382.9
°C. Isobaric specific heat of steam attains its peak at the same bulk temperature. The
attainment of pseudocritical point by steam in spiral tube is captured accurately with the

numerical model.

Keywords: Industrial boilers; pseudocritical temperature; spiral pipe; large specific heat;

bulk fluid temperature.
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The 3D model of the PLA (Polylatic acid) fabricated specimens were developed using solid works and
were manufactured by Fused Deposition Modelling process which is one of the Additive
Manufacturing processes. The current research work discusses the consequence of three process variables
such as layer thickness, infill percentage, and print speed and their effect on the hardness and strength of
PLA fabricated specimens. For each process variable, three levels were taken to decrease the number of
experiments. Taguchi L9 orthogonal array has been considered and the obtained results were analysed
by the analysis of variance method optimization techniques. The present research work states that the
layer thickness and infill percent have a foremost influence on the mechanical properties of FDM struc-
tures. The functional relationship between process of factors and the mechanical properties of the com-
ponent have been discussed in the present study. The present analysis discusses the results to increase

Keywords:

Additive Manufacturing
Mechanical properties
Fused deposition modeling
Process parameters
Design of experiments

the strength of a fabricated part with the help of FDM technology.

Copyright © 2023 Elsevier Ltd. All rights reserved.
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1. Introduction

The process of joining the material (usually layer upon layer)
with the help of the 3D data is known as an Additive manufactur-
ing (AM). The different additive manufacturing techniques are (i)
Selective laser melting (SLM) (ii) laminated object manufacturing
(LOM), (iii) Selective laser sintering (SLS) and (iv) Fused deposition
modelling (FDM) (v) plastic sheet lamination (PSL). FDM is one of
the commonly used method due to the small cost of printer device
and variety of cheap filaments. Additive manufacturing (AM) has a
large range of application in aerospace industries, automotive
industry, machinery and medical implants. Lower prototyping cost,
faster and less expensive small production run and fewer on-hand
inventory are some of the advantages of AM process while slow
build rate, high production costs, limited component size are some
of the disadvantages.
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Many researchers [1-5] have carried out their research work in
the field of additive manufacturing a few of which has been dis-
cussed here. Panes et al. [6] made a comparison between two ther-
moplastics such as PLA and ABS taking into account their
mechanical behaviour. They considered three factors such as layer
height, infill density and layer orientation for their study. PLA
showed better results than ABS with strong bonds between the
layers. Sood et al. [7] improved the design accuracy of ABSP 400
(acrylonitrile-butadine-styrene) part manufactured by FDM tech-
nique is based on grey Taguchi method. The process factors consid-
ered were layer thickness, part orientation, raster angle, air gap
and raster width. Trimurthulu et al. [8] attempted to increase the
surface finish and reduce part deposition time of ABS by using
adaptive slicing method. They optimized the deposition orienta-
tion of the fused deposition modelling process and evaluated the
average part roughness and build time. Gong et al. [9] compared
the tensile strength and hardness of FDM and SLM manufactured
ultra-fuse 316L steel. It was found that the use of ultra-fuse 316L
steel filament is one of the cost effective approaches for manufac-
turing metal parts. Hafsa et al. [10] made a comparison between
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Abstract

Crushing run-of-mine coal alters the proportion of particles in a given density class because of the
coal's naturally occurring diversity in particle size and specific gravity. Because of this, the gravity-
bascd coal washing process loses some of its effectiveness in terms of producing clean coal and
maintaining high quality coal during the separation phase. The amount of 'mear-gravity material'
(material with a specific gravity within the range of 0.1) present in a normal coal at a given specific
gravity makes washing the coal more challenging. Here, we employ two numerical indices—the 'near-
gravity material index' and the 'index of washability'—to quantify the distribution of near-gravity
material across density classes and to assess the degree of difficulty involved in the washing process. In
order to remain competitive in the global coal market, India's coal businesses rely heavily on the
process of beneficiating lower-grade coal, which presents significant obstacles.

Keywords
Coal beneficiation, wet and dry coal beneficiation, washability curve, near-gravity material, index of

washability.
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Abstract:

The use of supercritical fluids in industries is becoming more and more common due
to various reasons such as reduced environmental effects and improved efficiency. Because
of the huge cost involved, experimentally investigating heat transfer to supercritical fluids is a
difficult affair. Therefore, numerical simulation is an effective tool to investigate heat transfer
to supercritical fluids. However, simulating heat transfer to supercritical fluid is a challenging
task, mainly because of the abrupt property change near pseudocritical point. In this study,
different combinations of CFD solvers, RANS turbulence models and material libraries are
evaluated to assess the accuracy of predicting pseudocritical properties of steam flowing
inside straight tube. It is found that the combination ofAnsys CFX solver, k-€ turbulence
model and IAPWS 1F-97 material library grossly over-predicts the tube wall temperature.
Similarly. the combination of Ansys CFX solver, k-o turbulence model and TAPWS TF-97
material library accurately predicts the bulk fluid temperature and tube wall temperature only
up to a point where pscudocritical point is attained by stcam, Beyond that the predicied
values start to deflect from experimental values continuously. The most accurate combination
turns out to be the Ansys Fluent solver along with NIST REFPROP material library and SST
k- @ turbulence model. Both the bulk fluid temperature and tube wall temperature are
predicted accurately with this model. Further the wall HTC is also predicted quite accurately
with this combination. The percentage deviation in predicting the bulk fluid temperature, tube

wall temperature and wall HTC from experimental values are 0.2, 0.5 and 1.07 respectively.

Keywords: CFD; supercritical; HTC; IAPWS; material library
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Abstract

The climination of titan ycllow dye from the aqueous solution was carried out using acid-treated Phyllanthus acidus leaves
as an efficient biosorbent. Phvllanthus acidus leaves are capable biosorbent for dye removal with eco-friendly and non-toxic
nature. Response surface methodology Box—Behnken design was used to determine numerous operating parameters such
as concentration, optimal dosage, time, and pH for the titan yellow dye adsorption. The spent biosorbent was characterized
using FTIR, SEM, EDAX, XRD, and BET. The amorphous structure was identified by X-ray diffraction. FTIR analysis
identified the presence of C-H, C =0, and O-H functional groups in the dye. A high removal efficiency of 99.55% was
achieved for titan yellow dye by acid-treated Phyllanthus acidus leaves with 1.12 g dosage of biosorbent, 68 mg L™ of
initial dye concentration, and pH 7.73 for time 179 min. The adsorption data were estimated using several Kinetic models
and isotherms. The best fit for the equilibrium data is the Langmuir isotherm. The maximum adsorption capacity of acid-
treated Phyllanthus acidus leaves for titan yellow dye has been found to be 237.61 mg g~! from the Langmuir isotherm. Tt
was observed from the kinetics that the best fit for the TY model is the pseudo-first-order model. Overall, using acid-treated
Phyllanthus acidus leaves exhibits potential as an environmentally sustainable and cost-effective adsorbent for removing
titan yellow dye from an aqueous solution.

Keywords Titan yellow (1Y) dye - Acid-treated Phyllanthus acidus biosorbent - Adsorption - RSM-BBD - Equilibrium

kinetics

1 Introduction
Highlights
e A low-cost biosorbent was prepared [tom acid-treated

Phyllanibis acidus leaves. The wastewater containing dye is one of the key contami-

 The process variables were optimized using response surface nants in water resources. Recently, discharge of wastewater
methodology Box---Behnken {l.ie»:i:gn‘ e without including dyes from the industries like textile, paper,
;hyng‘f;wval SRR R I YEION Uy P R IR 0T Vi and leather has become a serious environmental issue. The
limited resource of drinking water reminds the importance

24 M. Laxmi Deepak Bhatlu of wastewater treatment. Recent studies estimated that 12%
dbhatlu.rs.che@itbhu.ac.in of the input synthetic dyes were wasted yearly during their

processing and production. Twenty to 35% of these waste
dyes ended up in the environment as residual industrial
wastewater effluents [1]. Highly soluble synthetic dyes are
common pollutants in water bodies [2].
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Mathematical approach and experimental validation on criteria for instability of inter-
face between liquid droplet and water

Amit Kumar Gupta, Arvind Singh®, Rajen Kumar Nayak, Ravi Shankar Prasad,
Chelluboyana Vaishnava Raghunath, Chandradhwaj Nayak and Amar Kumar

Abstract. The deformation and displacement phenomena of liquid droplets from sclid substrates are important in sub-surface
processes such as enhanced oil recovery, chemical processing, and others, where the velocity of the continuous Huid is a
key parameter. In the present work, a pioneering mathematical model equation for the minimum fluid velocity at which
perturbation development begins, termed the ‘critical velocity of perturbation” that is associated with the elongated part of
a droplet and water has been developed using viscous potential flow analysis. Furthermore, the deformation and detachment
of large (2 mL and 4 mL) aniline droplets, small (120 pL) aniline droplet and small (5 pL and 40 pL) iso-quinoline droplets
in close channels have been experimentally investigated in the verification of the proposed mathematical model equation.
The developed model equation was successfully verified. Tails were formed, and the droplet partially detached when the
continuous fluid velocity exceeded the critical velocity of perturbation. This study will aid in enhancing process efficiency
and lowering operational costs in the field of liquid recovery and associated process industries.

Mathematics Subject Classification. 7617, 7645, 76-10.

Keywords. Droplet, Instability, Partial detachment, Mathematical modelling.

1. Introduction

The study of droplet development and detachment has gained a lot of interest in recent years., owing to
its recurrence in a wide range of industries and households, as well as the fact that it is thought to be
a basic phenomenon. Examples of applications include exchangers, cooling systems, chemical processing,
emulsion preparation, beer brewing, and wastewater treatment [1-7]. Oil droplet removal from solid
surfaces is also an important step in efficient oil production and environmental protection [8]. Furthermore,
the creation, proliferation, and removal of liquid-water droplets from the gas diffusion layer along with
channel interfaces in fuel cells are key phenomena that have created the curiosity of many researchers
[9,10]. Various parameters affect the shape of droplet development and its detachment from the solid
substrate. The droplet detachment phenomenon is governed by parameters such as interfacial tension,
the relative velocity of the shearing fluid, contact angle, and viscosity of droplet of fluid [11-16]. The
elimination of the perturbation phenomenon during droplet detachment is a key aspect of the process.
If perturbation took place, it would affect the cost of the process and decrease the efficiency due to the
partial detachment of droplets from the solid substrate [17-19]. To examine the attachment-detachment
process of liquid droplets and the impacts of various factors. numerous experimental and numerical models
have been established.

Supplementary Information The online version contains supplementary material available at https://dol.org/10.1007/
s00033-022-01928-0.
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HIGHLIGHTS GRAPHICAL ABSTRACT
e [ron ore pellet quality is dependent on
mineralogy of ores.
e Goethitic-hematite ore have high
goethite, gibbsite, and kaolinite, lead to
high LOL
o Incomplete removal of LOI in preheating Py e
zone affects pellet quality. : fentonte
o Investigated effect of preheating tem- S
. " s Pellet feed material
perature and residence time to acquire
threshold CCS (50 kg/pellet). T
e Morphological investigation to address & 2 s
inappropriate heating effect.
ARTICLE INFO ABSTRACT
Keywords: Present pelletization practices are facing problems to handle high loss on ignition (LOI) concentrate generated
Goethitic-hematite from goethitic-hematite iron ore containing higher goethite, gibbsite, and kaolinite. These minerals need to
Kaolinite

completely release their LOI in the preheating zone of pellet induration process. If it is not, crack develops in the
pellet, which reduces cold crushing strength (CCS) also deteriorates pellet quality. In this study, this issue has
been addressed by taking variable preheating temperature (850 °C, 950 °C, 1000 °C, 1100 °C) and residence time
(20, 25, 30, 35 min.). Pellets were prepared from three iron ores with LOI (2.64, 4.85, and 9.19%). Effect of ore
mineralogy on the drying characteristics of the pellet has been established. Preheated pellet CCS, porosity and
morphology have been investigated. The coordination between preheating temperature and residence time to
acquire desired CCS (50 kg/pellet) varies ore to ore. A detailed morphological investigation has been performed
to address the inappropriate heating effect by the use of stereomicroscopy, optical microscopy and scanning
electron microscope study. The pellet properties are dependent on the presence of kaolinite and goethite
percentage.

Preheating zone
Preheating temperature
Residence time
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ABSTRACT

A one dimensional isothermal model is proposed by modelling the kinetics of methanol transport
at anode flow channel (AFC), membrane and cathode catalyst layer of direct methanol fuel cell
(DMFC). Analytical model is proposed to predict methanol cross-over rate through the electrolyte
membrane and cell performance. The model presented in this paper considered methanol diffusion
and electrochemical oxidation at the anode and cathode channels. The analytical solution of
the proposed model was simulated in a MATLAB environment to obtain the polarization curve
and leakage current. The effect of methanol concentration on cell voltage and leakage current
is studied. The methanol cross-over has the significant impact on cell performance. The presented
model predicts higher leakage current with the increase of methanol feed concentration. The
cell performance was predicted at 70°C and various methanol feed concentration. The proposed
model was validated with the experimental polarization curve of active DMFC.

Keyworbs: Analytical Model, 1-D Isothermal Model, Anode Flow Channel, Leakage Current,
Methanol Cross-over Rate, Polarization Curve, Active DMFC.

1.INTRODUCTION pollutant emissions and high power density ['!.
Fuel cell is considered to be a potential In near future, it has the potential to replace
candidate for portable and stationary internal combustion (IC) engine in vehicles. The

applications. It becomes widely popular dueto ~ development of high performance fuel cell is
its higher fuel conversion efficiency, low crucial to replace IC engine. A significant
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This investigation focuses to study the effect of the content of micro scale natural pistachio shell particles
on the mechanical and thermal properties of unsaturated polyester matrix composites. The composite of
polyester resin reinforced with 10, 20, 30 and 40 wt% PSP was made by hand mixing followed by com-

Keywords: pression molding. Several mechanical properties viz. tensile strength, flexural strength, impact strength

Unsaturated Polyester matrix are examined to understand the behaviour of composite material. The thermo-gravimetric analysis of the

g"";_p;)s‘te prepared composites is conducted. The field emission scanning electron microscope is used to investigate
articlie

the surface morphology of the fabricated composite. The end result from the observation discovers that,

Sl lle the properties of the composites are improved. The maximum tensile, flexural and impact strength is

Pistachio shell

Mechanical properties

resulted at 40, 40 and 10 wt% respectively.

© 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 3rd International Con-
ference on Recent Advances in Mechanical Engineering Research and Development (ICRAMERD-22).

1. Introduction

The rapid growth of manufacturing industries calls for fabrica-
tion of new materials with high strength and stiffness. This
demands the new material to be of low cost and better sustainabil-
ity. According to scientific studies this can be achieved by compos-
ite materials which satisfactorily fulfill the required properties. It
has been verified that the composite materials performs better
than that of conventional material due to its improved properties
[1]. In general, the composite materials have two phases, the con-
tinuous phase is called as matrix and the dispersed phase is termi-
nated as reinforced material. Usually, the produced composite
material enhances the load bearing capacity.

The recent studies show, composites with fiber as the reinforc-
ing material is widely accepted. Scientists have preferred natural
fiber in the place of synthetic fiber as reinforcing material. Natural
fibers are obtained from plant, animal and from minerals. Fibers
made from minerals are perilous to human health as they contain
asbestos. While the fibers made from plant have excellent qualities
viz. low cost, accessibility, biodegradable with high physical and
mechanical properties. Pistachio shell is among the naturally avail-

* Corresponding author.
E-mail address: h.k.sutar@gmail.com (H. Sutar).

https://doi.org/10.1016/j.matpr.2022.09.460
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able fiber material and it has about 42 % cellulose, 13.5 % lignin,
3.11 % cellulose lignin, 1.26 % ash and 0.18 % extractable [2]. Pista-
chio is renowned as a fruit. An overview of the production of Pista-
chio shell particles (PSP) worldwide is presented in Table 1. United
States of America alone contributes 68 % of the total production.
PSP bear high strength and modulus. So, PSP can be utilized as a fil-
ler or reinforcing material in a polymer and may be applicable for
economical and environmental view. In addition to the natural
materials, a polymer like unsaturated polyester resin has found
extensive applications in engineering and structural purposes
due to its good bonding capacity and solvent resistance. Literature
reveals several applications of composites made from pistachio
shells particles [3].

Ismail Ibrahim Marhoon [4] considered polyurethane as matrix
and made a composite from pistachio shell particles with 2.5
to12.5 wt%. He did tensile, compressive, hardness, impact and
water absorption tests and results are reported. He found that
the tensile, compressive, hardness, impact and water absorption
properties give best results at 5, 7.5, 12.5, 2.5 and 12.5 wt% respec-
tively. A scientific article [5] reveals a research on the physical,
chemical, microscopy, thermal behavior and gas absorption prop-
erties of pistachio Vera nutshellparticles. It is decided that pista-
chio Vera nut shell particles hold amicable structural and
thermal properties. Nada N Kadhim et al [6] determined mechan-

Selection and peer-review under responsibility of the scientific committee of the 3rd International Conference on Recent Advances in Mechanical Engineering Research and
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This work uses zinc oxide (Zn0O) as a filler to prepare a chitosan-based hybrid membrane. The mechanical,
thermal and physiochemical properties of the membranes were studied using different experimental
techniques. The water uptake capacity and swelling degree of the composite membranes were increased
whereas ion exchange capacity (IEC) decreases with the increase of ZnO content. The ZnO filler reduces

DMFC the crystalline phase of the hybrid membranes. The hybrid membrane’s proton conductivity was mea-

Hybrid Membrane
IEC

Proton Conductivity
Water Uptake

sured by EIS experiment and fitted into a comparable circuit model. The ZnO filler improves the mem-
brane’s proton conductivity, and the proton transport is controlled by the Grotthus mechanism.
© 2023 Elsevier Ltd. All rights reserved.

Selection and peer-review under responsibility of the International Conference on Advances in Smart
Materials, Chemical & Biochemical Engineering.

1. Introduction

For industrial, commercial, and household uses, societies use
energy for transportation, production, illumination, air condition-
ing, heating, and communication. Various experiments have been
carried out over the past several years to substitute the
petroleum-based raw material. Future energy supplies must be
ecologically acceptable, and energy efficiency must be greater than
the currently available quantity. The need for energy sources based
on petroleum is rising nowadays. As is well known that, it has
finite resources, pollutes the environment, and is a non-
renewable source of energy. Due to their high efficiency with low
emissions, fuel cell technologies have gained considerable atten-
tion recently as a solution to the aforementioned problems with
petroleum-based energy sources [1]. It is difficult to acquire and
emits a lot of harmful gas [2]. A viable substitute for petroleum-
based raw material is the fuel cell. Using two redox processes, fuel
cells are the electrochemical device that transforms the chemical
energy of a fuel (including hydrogen, methanol, etc.) and an oxi-
dant into electrical energy (electricity) [3-6]. In 1839, Sir William
Grove developed the first fuel cell [7]. PEMFC, often referred to
as Polymer Electrolyte Membrane Fuel Cells, have a benefit over
the rest since they can operate at low temperatures, do have a high
energy density, are lightweight, and are simple to modify for a

* Corresponding author.
E-mail address: rabiranjan_murmu@rediffmail.com (R. Murmu).
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range of applications [8]. These membrane fuel cells can be made
up of proton conductivity and platinum (Pt) based electrode as cat-
alysts. The catalyst activates the hydrogen, which is then fed into
the proton exchange membrane fuel cell to yield proton ions.
Methanol performs better than hydrogen among various fuels. This
gives a potential for the Direct Methanol Fuel Cell (DMFC) to be a
practical option in the future [9]. The DMFC is an option for appli-
cations requiring portable power because it is low temp device that
is environmentally safe and its fuel is transportable and reasonably
priced [10,11].

The selection of a membrane for fuel cells, and specifically for
DMEFC, should take into account several factors, including price,
chemical resistance, film-forming capability, degree of
hydrophilicity, cross-linking efficiency, and water resistance. Addi-
tionally, it is possible to specify criteria like biodegradability, non-
hazardousness, and renewability [12]. Nafion represents the most
widely utilized polymeric barrier in these cells. Its widespread
usage is a reflection of its outstanding mechanical and thermal
characteristics, strong proton conductivity, and great electrochem-
ical and chemical stability. However, Nafion has a high production
cost of about 800 US dollars per square inch. The fundamental dis-
advantage of Nafion membranes is their quick dehydration at tem-
peratures over 100 °C, and low humidity below 30% which causes a
rapid decline in proton conductivity [11,13]. Due to its inexpensive
price and, more specifically, its excellent thermal and chemical sta-
bilities, another membrane known as sulfonated poly (ether
ketone) (SPEEK) also was employed. Moreover, compared to Nafion

Selection and peer-review under responsibility of the International Conference on Advances in Smart Materials, Chemical & Biochemical Engineering.
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In this work, we have successfully cross-linked the different weight ratio of Chitosan-PVA blend
with sulfuric acid. The effect of cross-linker on the properties of blends are studied by using
different experimental technique. The cross-linked membrane provides higher ion exchange
capacity due to the procurement of extra ionic hooping sites in the membrane. The compatibility
ofthe blends are confirmed from the FTIR and DSC analysis. The crosslinking reaction fastening
the phase transition behavior of the blends which reduces the glass transition temperature. The
highly compatiblized cross-linked blend provides higher tensile strength and lower modulus at
moderate temperature. The significant reduction of weight loss was observed in a cross-linked
membrane which enhances thermal stability of the blend. The group which are responsible for
higher methanol cross-over are consumed by the cross-linking reaction and a drastic reduction
of methanol cross-over was observed. The proton conductivity of the blends are obtained by
performing experiment in a four probe impedance analyzer and fitting the EIS data in an equivalent
circuit model. At moderate temperature, the cross-linked membrane provides higher proton
conductivity than the pure membrane and the proton transport was controlled by Grotthus
mechanism. The cross-linked membrane provides higher proton conductivity and membrane
selectivity which is beneficial for DMFC design.

Kevworbs: Cross-linked Membrane, Storage Modulus, Methanol Cross-over, Proton Conductivity,
Membrane Selectivity, DMFC.
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Development of the highly performed chitosan based thin film towards the
sustainability of direct methanol fuel cell
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ABSTRACT

We used a new strategy to develop a hybrid membrane by impregnating hygroscopic zirconia and
ionic liquid in the chitosan-PVA blend. The effects of ionic liquids on the water uptake, IEC, phase
transition behavior, methanol permeability, and proton conductivity of the hybrid membrane were
studied. The ionic liquids have a synergetic effect on the chain flexibility and tensile strength of the
thin film. The developed hybrid membrane has the lowest methanol permeability of 0.94 x 10~/
cm?s™". The polarization curve obtained for a fuel cell operating at 70°C and 2 M methanol feed

provides the maximum power density of 97 mWcm ™.
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1. Introduction

In the past few years, numerous studies have been con-
ducted to replace the petroleum-based feedstock. The
drawback of petroleum-based feed stock is its low avail-
ability and high toxic emission. The fuel cell is considered
to be a potential alternative of petroleum-based feed
stock."!) Fuel cells are becoming widely attractive owing
to its high power density and low pollutant emissions.
A significant amount of effort has been put into develop-
ing high-performance fuel cells. The chemical energy of
fuels such as hydrogen and methanol was efficiently con-
verted to electrical energy by fuel cells.”) The proton
exchange membrane fuel cell has gained popularity due
to its following advantages like low temperature
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operation, high power density, light weight, and adapt-
ability of various application.”>' The direct methanol
fuel cell (DMFC) gained more popularity due to its low
temperature operation, high energy density of fuel, easily
transferable fuel and comparatively cheaper.'®® The pro-
ton conducting membrane is the vital component of
DMFC and should have the following features such as
high proton conductivity, low methanol cross-over, good
mechanical and thermal stability, biodegradability, easy to
prepare and comparatively lower price.>” The lots of
work has been carried out to develop high-performance
electrolyte membrane for DMFC application. However, it
is challenging to develop the electrolyte membrane with
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Abstract: The authors developed a nanocomposite using polypropylene (PP) and graphene nano-
platelets (GNPs) with a melt mixing method. Virgin PP was filled with three sets of GNPs with a
fixed thickness (15 nm) and surface area (50-80 m?/g). The selected H-type GNPs had three differ-
ent sizes of 5, 15 and 25 um. The nanocomposites were made by loading GNPs at 1, 2 and 3 wt.%.
Mechanical analysis was carried out by performing tensile, flexural and impact strength tests. The
crystalline, micro-structural, thermal and dynamic mechanical properties were assessed through
XRD, FESEM, PLM, DSC, TGA and DMA tests. It was observed that all three types of GNPs
boosted the mechanical strength of the polymer composite. Increasing the nanofiller size decreased
the tensile strength and the tensile modulus, increased the flexural strength and flexural modulus,
and increased the impact strength. Maximum tensile strength (=41.18 MPa) resulted for the com-
posite consisting 3 wt.% H5, whereas maximum flexural (=50.931 MPa) and impact (+42.88 J/m)
strengths were observed for nanocomposite holding 3 wt.% H25. Graphene induced the PP’s
crystalline phases and structure. An improvement in thermal stability was seen based on the re-
sults of onset degradation (Tp) and melting (Tm) temperatures. Graphene increased the crystalliza-
tion (Tc) temperatures, and acted like a nucleating agent. The experimental analysis indicated that
the lateral size of graphene plays an important role for the nanocomposite’s homogeneity. It was
noted that the small-sized GNPs improved dispersion and decreased agglomeration. Thus overall,
small-sized GNPs are preferable, and increasing the lateral size hardly establishes feasible charac-
teristics in the nanocomposite.

Keywords: polypropylene; 2D graphene; melt mixing; nanocomposite; size effect

1. Introduction

In the current scientific world, graphene has created a significant role. Graphene is
derived from graphite, and exists in the form of single layer sheet. Graphene is a 2D
(two-dimensional) material with sp? hybridization. It has a honeycomb structure of car-
bon atoms. Graphene nanoplatelets (GNPs) consist of several layers of graphene with
thickness between 3 and 100 nm that are sustained due to van der Waals forces of attrac-
tion. Graphene has found extensive applications in engineering, science and technology
as a favorable reinforcing material for different polymers [1-8]. Polypropylene (PP) is a
widely accepted thermoplastic polymer among the polyolefin groups [9-11]. PP is
widely available, relatively inexpensive, easy to handle and allows for recycling. It pos-
sesses good mechanical and physical properties [12-16]. Improving the properties of
polypropylene has stimulated many researchers to use graphene as a reinforcing agent

Inventions 2023, 8, 8. https://doi.org/10.3390/inventions8010008
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Preparation and Characterization
of Red Mud Modified Chitosan-
PVA Composite Membrane for
Direct Methanol Fuel Cell

A novel cost-effective chitosan-polyvinyl alcohol (PVA)-red mud (RM) hybrid membranes
are developed and their morphological and physiochemical properties are studied. The
addition of RM enhanced IEC and bound water content in composite membranes. The
hydroxyl groups are consumed due to the interaction with silica oxides and depleted the
crystalline phase of the composites. The tensile strength and modulus of the composite mem-
branes were reduced. The addition of RM improves the thermal stability of the composite
membrane and shifts the degradation process to a higher temperature. The RM nanoparti-
cles depleted the hooping sites for methanol transport in the composite membrane and the
permeability value reported in the modified membrane was one order lower than the Nafion
(N117) membrane. The proton conductivity of the composite membranes is obtained by
fitting the EIS data in an equivalent circuit model. The composite membrane provides
higher proton conductivity at reduced relative humidity conditions and the proton transport
was governed by Grotthus mechanism. The modified membrane provides the maximum
power density of 44 mW/cm® at a current density of 140 mA/cm®. The durability test was
conducted at a current density of 0.15 A/em® and 70 °C for 144 h to evaluate fuel cell per-
formance and voltage decay. The durability study confirms that the modified membrane pro-
vides higher cell stability with marginal drop in cell voltage (1.76%). The reduction of
methanol cross-over and the enhancement of membrane selectivity increases power
density of the direct methanol fuel cell. [DOI: 10.1115/1.4055693]

Keywords: novel materials, red mud, bound water (%), methanol permeability,

e-mail: bishnumailg@gmail.com

1 Introduction

The depletion of petroleum-based feedstock and their high toxic
emission forced us to search for a potential alternative. Fuel cell is
considered as a potential alternative to petroleum-based feedstock
due to their high energy efficiency and low toxic emission [1].
There is lot of effort has been made to develop cost-effective and
energy-efficient fuel cell. Recently, proton exchange membrane
fuel cell received greater attention for portable and stationary appli-
cations and it is also considered as a next generation’s power source.
It has numerous advantages like low temperature operation, high
power density, lightweight, and easy adaptability for a variety of
applications. In proton exchange membrane fuel cells, polymer
membrane is used as an electrolyte for proton transport and plati-
num (Pt)-based materials are used as a catalyst [2—4]. Proton
exchange membrane fuel cells are categorized into two types: (1)
hydrogen fuel cell and (2) direct methanol fuel cell. Although
hydrogen fuel cell has high energy density but due to the lack of dis-
tribution of hydrogen fuel, difficulty in storage and transportation,
and high cost forced us to search for potential alternative. The meth-
anol is considered to be a potential alternative of hydrogen fuel due
to its low cost, high energy density, and availability. In direct meth-
anol fuel cell (DMFC), methanol is used as a fuel whereas polymer
membrane is used as an electrolyte. The DMFC has an opportunity
to power stationary and portable devices due to its low temperature
application, high power density, low toxic emission, rclatively
cheaper price of fuel, and simplicity of operation [5]. The

'Corresponding author.
Manuscript received November 20, 2021; final manuscript received September 8,
2022; published online October 25, 2022. Assoc. Editor: Steven C. DeCaluwe.
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polarization curve, batteries, fuel cells

polymer electrolyte membrane used for DMFC application must
have the following characteristics properties like low cost, high
proton conductivity, low methanol permeability, high mechan-
ical, and thermal stability. The material selected for the fabrication
of electrolyte membrane for DMFC application must have the fol-
lowing characteristic features like cost, chemical stability, film
forming ability, extent of hydrophilicity, cross-linking feasibility,
and permeability for water. The material used for the fabrication
of membrane must have the following additional features like bio-
degradable, nonhazardous, and environmentally benign.

Nafion is considered as a conventional electrolyte membrane due
to its high proton conductivity, excellent mechanical, and thermal
stability along with its high chemical and electrochemical stability
[6-8]. Although the proton conductivity of the Nafion membrane
is not reduced between 80 and 100 °C due to non-breakage of
H-bond water which maintained water content but fuel cross-over
and cost are the major concern which restricted it for potential appli-
cation in DMFC. The increase of methanol cross-over across the
membrane decreases voltage and power density in the polarization
curve [9-12]. Sulfonated poly (ether ether ketone) (SPEEK) mem-
brane is considered as a potential alternative to Nafion membrane
due to its low cost, good proton conductivity, and good thermal
and chemical stabilities [13—16]. However, the proton conductivity
of SPEEK and SPEEK-based membranes are comparatively lower
than the Nafion membrane [17-20]. Recent study reveals that a sig-
nificant work has been carried out on the development of highly
performed graphene oxide (GO) membrane for fuel cell application.
The proton transport in GO membrane was dominated by in plane
ionic transport which reduces fuel cell performance. The through
plane ion transport should be enhanced to improve the fuel cell per-
formance. The structurally modulated GO membrane improves
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The Development of Superhydrophobic PVA Sponge, Using
HDTMS and HMDS, for the Separation of an Oil-Water
Mixture with a Very High Separation Efficiency
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Abstract The marine natural ecosystem suffers sub-
stantial damage from industrial oily wastes. Various
mechanisms such as adsorption, aeration, sedimen-
tation, screening, disinfection, and chemical oxida-
tion have been proposed in the literature to treat oily
waste water. The suggested approach to the afore-
mentioned treatment comes at a significant expense.
Therefore, in this work, a low-cost, recyclable sponge
that is kind to the environment and has a high level
of super hydrophobicity and oleophilic properties was
designed to extract oil from wastewater. Titanium
dioxide, carbon soot, and hexadecytrimethoxysilane
(HDTMS) were employed as the coating materials
to create superhydrophobic surfaces. For the post-
coating analysis, the contact angle of oil and water,
FTIR of coatings, and SEM of different coated PVA
sponges were studied. The oil absorption capacity
and changes in the contact angles between oil and
water droplets over time were both examined in order
to assess the coatings’ effectiveness. With a 151°
water contact angle, HDTMS-coated sponge proven
to be more effective at separating oil from water.
According to the impact mapping results, a hydropho-
bic surface initially achieves no slip condition before
slip condition is recognized. The relationship between
viscous force and capillary force (V/Cg) is seen as
the defining factors for super-hydrophobic properties,
according to the examination of droplet dynamics.

A. K. Bairagi - S. S§. Mohapatra (&) - A. Sahoo
Department of Chemical Engineering. NIT Rourkela,
Rourkela 769008, India

e-mail: mohapatras@nitrkl.ac.in

The V/Cp ratio must be lower than 2.9x10™ in
order to achieve superhydrophobicity features. Addi-
tionally, the HDTMS sponge’s 99.6% oil absorption
capacity was discovered. Moreover, the impact of oil
characteristics on the capacity for absorption has been
studied. The mechanism and thermal stability have
also been covered in addition to the aforementioned.

Keywords Contact angle - Superhydrophobicity -
Oil-water separation - Thermal stability

Nomenclature
Subscripts M,  Weights of the sponge after oil

absorption

M; Weights of the sponge before oil
absorption

(0] Absorption capacity gm/gm

n Oil-water separation efficiency

Cg Capillary force, N

Vi Viscous force, N

Acronyms CS
PVA

Carbon soot
Polyvinyl alcohol

HDTMS Hexadecyltrimethoxysilane

HMDS Hexamethyldisilazane

FTIR Fourier transform infrared
spectroscopy

SEM Scanning electron microscope

1 Introduction

Wastewater from chemical industries contains heavy
metals, organic and inorganic materials, fertilizer,

@ Springer
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Innovating superparamagnetic chitosan hybrid nanoparticles for
a high-efficiency separation of oil from oil-water emulsions
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ABSTRACT

In an era marked by rapid industrialization and heightened automobile usage, the demand for crude oil has surged, inducing
ecological degradation and resource depletion. Effective management of intricate oily wastewater presents a formidable chal-
lenge. While diverse methods like gravity separation, centrifugation, and membrane techniques are employed for oil-water
separation, gravity separation is the prevailing choice, yet limited to unstable emulsions. These methods often invoive toxic
substances harmful to marine life. Our research focuses on separating oil microemuilsions in aqueous solutions. This study
explores the application of superparamagnetic chitosan coagulants, revealing an optimal 10 mi dosage for peak efficiency.
Aiming for rapid oil separation, we achieved a breakthrough with just 30 minutes, establishing a new benchmark. Rigorous
VSM testing solidified the particles’ magnetic capabilities, augmented through size reduction. Notably, at a 15% oil concen-
tration, a remarkable 99.26% efficiency in oil separation was achieved, offering potential in microbiology, medicine, and drug
delivery systems.

Key words: chitosan, coagulation, oil-water emulsion, superparamagnetic

HIGHLIGHTS

® |nvestigation of a superparamagnetic chitosan coagulant.

® An oil separation time study is performed, and the shortest time recorded for oil separation is investigated.
® Optimal coagulant dose is determined.

® |nvestigation of magnetic properties in superparamagnetic chitosan particles.

® A study of efficiency and particle size.

This is an Open Access article distributed under the terms ol the Creative Commons Attribution Licence (CC BY 4.0), which permits copying,
adaplation and redistribution, provided the original work is properly cited (hitp://creativecommons.org/licenses/by/4.0/).
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1 Introduction

ABSTRACT

Electrical, optical and photosensitivity of aluminium-doped tin oxide (Al-SnO,)
nanocrystallites prepared by sol-gel technique and annealed at 400 °C and
500 °C are studied. The synthesized nanocrystallites are characterized using
spectroscopic techniques such as powder X-ray diffraction (PXRD), scanning
electron microscopy (SEM), Fourier transform infrared (FTIR) spectroscopy,
energy-dispersive X-ray spectroscopy (EDX) and UV-VIS-DRS spectroscopy.
The PXRD data confirm the development of polycrystalline nanocrystallites
having crystal size ~ 6.8 nm at 400 °C which increases to ~ 8.7 nm on
annealing at 500 °C. SEM images illustrate the formation of nanoclusters. Broad
characteristics bands of FTIR spectra demonstrate the presence of physical
interaction between SnO, and Al,O;. EDX spectra illustrate the presence of
aluminium, tin and oxygen in the particles annealed at 400 °C and 500 °C with
composition Sngz7z6Alp27402 and SnggpeAlp 19102, respectively. UV-VIS-DRS
spectroscopy illustrates that the band gap energy of 400 °C and 500 °C annealed
materials are 3.42 and 3.35 eV, respectively. First time, the electrical properties
and photosensitivity of the Al-SnO, nanocrystallites annealed at two different
temperatures are studied by making the particles into thin films of thickness
103p (400 °C) and 106u (500 °C) on glass substrate.

significant n-type semiconducting material and is
useful in fabrication of solid-state gas sensors [6],
transparent conducting electrodes [7], rechargeable

Nowadays metal oxide nanocrystallites are creating
immense interest among researchers because of their
unique characteristics, wide range of applications
and stability. They are key materials for optoelec-
tronic devices [1-5]. Among the oxides, SnO, is a

Li-batteries [8] optical and electronic devices [9],
catalyst for photo-degradation & organic conversion
[10], photo-electrodes of photovoltaic cells for solar
energy conversion and antistatic coating [11-14].
Researchers have reported that the optoelectronics
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https:/ /doi.org/10.1007 /s10854-022-09167-9
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Photocatalysis is becoming the curative technologies in current decades for wastewater treatment.
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Short-term and long-term aging effect of the rejuvenation on
RAP binder and mixes for sustainable pavement construction
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ARTICLE INFO ABSTRACT
Article history: This investigation analyzes the usefulness of Mahua oil (M-oil) in reclaimed asphalt pave-
Received 22 March 2022 ment (RAP) binder which simulates the short-term and long-term aging behavior of asphalt,
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As the inclusion of a higher amount of the RAP in the bituminous mix is susceptible to fati-
gue and thermal cracking, the use of a rejuvenator is a suitable option that can reinstitute
the properties of the virgin binder. Different percentages of M-oil such as 1%, 2%, 3%, 4%,
5%, and 6% added to the short-term and long-term aged binder. Blended rejuvenated binders

g;{,wmds' were evaluated through various physical properties, It was noticed that the inclusion of a
Rejuveriator rejuvenator increases the penetration, ductility, and flash point and reduces the softening
Mahua oil point, and viscosity. Rheological properties conclude that rejuvenating short-term and
Rutting long-term aged binder is feasible and can be considered an effective way to recycle the
t-test RAP binder. Further, rejuvenated (5% and 6% M-oil by weight of aged binder which is the

optimum dosage) mixes were prepared with RAP mixture for short-term and long-term

aging conditions to study the mechanical properties, i.e., moisture sensitivity and rutting,

Finally, it was concluded that 5% M-oil successfully rejuvenated the RAP mixes in long-

term aging conditions.

© 2022 Tongji University and Tongji University Press. Publishing Services by Elsevier BV,

This is an open access article under the CCBY-NC-ND license (http./jc reativecommons.org
licenses/by-nc-nd/4q 0/).

1. Introduction

These days, the rising consideration for ecological sustainability highlights the recycled asphalt pavement (RAP) materi-
als. Increasing energy costs and the massive demand for natural petroleum have encouraged the utilization of high content
RAP in hot mix asphalt (HMA). The utilization of RAP in HMA prompts various benefits such as saving natural resources,
decreasing the use of asphalt obtained from crude oil, and providing the same or improving the pavement'’s performance,
RAP in HMA causes saving raw materials such as virgin asphalt, and virgin aggregate and lessens energy utilization related
to transporting and processing materials (Colbert and You, 2012, Goh and You, 2011),

Bituminous binders aged throughout their serviceable life. This is because of various cycles like oxidation and alternation
in molecular components. There are predominately-two stages of aging of bituminous mixes, i.e, short-term aging that takes
place throughout the blending and laying and long-term aging that takes place throughout the pavement serviceability. The
aging process influences the mechanical performance adversely concerning cracking and fatigue resistances, and 'prefcrablby
decelerating the aging process is required. During the service period of the flexible pavement, the asphalt material experi-
ences extreme aging and would produce substantial distresses due to overloading, temperature differential, rain, etc. Also,
there is a requirement for pavement maintenance each year, So, a considerable quantity of RAP materials gencrated each year.
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Highlights

* Circular pathway through use of FCS aggregate and fly ash in concrete yas
czplored,

* Aneco-cfficient mizdesign method based on PPOT yias adopted,

* Tentypes of concrete mizes were prepared using PPOT and conventional miz
design,

+ The techno-environmental performance of all mixes viere studied,

© FCSAC with 30% fly ash designed by PPOT was ranked as the most sustainable
mix,

Abstract

Climate change mitigation and resource efficiency have emerged as crucial challenges for lung-term sustainability of concrete,
Implementing circular approach through waste valorisation in concrete production with cco-efficient miy design is an efficient mitization
pathway to combat natural resources depletion and environmental issues. This paper investigates techno-environmenta| sustainability of
concrete utilizing 100% ferrochrome slag as alternate coarse aggregate and fly ash as partial cement substitute (0-407%) adopting particle
packing optimization technique (PPOT) as a sustainable miy desizn method. Total of ten types of concrete mixtures were prepared using
the alternate materials and mix design methods (PPOT and 15:10262(2009)). Natural zgregate concrete prepared by 15:10262(2005) mix
design was considered as the reference mixture, Technical assessment of concrete v/as performed experimentally in terms of compressive
strength and tensile strength, Environmental performance was investigated through life cycle assessment (LCA) as per IS0 14040-44
zuidelines using cradle-to-gate system boundary and tvo functional units: 1m? concrete and 1MPa compressive strength, Resulrs
revealed that ferrochrome slag aggregate concrete (FCSAC) containing fly ash up to 40% prepared by PPOT has enhanced strength than
reference concrete, Regardless of the functional units used, Fcsac with 307 fly ash designed by PPOT was ranked as the most sustainable
miz with significant environmental savings (around 50-70%) without compromising desired requirements, Sensitivity analysis was
performed by varying transportation distance, mode of transport and energy miz. Results showed that FCSAC with 30% fly ash is not
sensitive to the scenarios investizated. The outcomes wil| be helpful for decision-makers to develop policy directives and frameworks on
synergistic use of ferrochrome slag and fly ash towards concrete sustainability,
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Design Aspects of a Continuous Flow Photocatalytic Reactor and its Application

to Degrade Methylene Blue and Textile Wastewater
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Graphical Abstract

Photocatalysis is becoming the curative technologies in current decades for wastewater treatment.
The presented work is based on the study of the photocatalytic degradation of MB & textile
wastewater collected from Kolkata using Ag doped micro TiO2 in a stepped continuous flow
photocatalytic reactor designed as CSTRs in series. The experimental data simulated well with the
model data calculated using the model equation. the experimental data and the design data are
tested by applying chi square analysis. The Chi square value of the simulation is <3.841 and the
experimental data fit well with the proposed model,
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Abstract

Emotions play a significant part in a person's social connections, decision-making, and perception of the world. Elicited
emotions cause a change in a person's physiological and psychological states. As Electroencephalography (EEG) facilitates
a close study of brain activity, it is becoming a standard method among the research community for reliable recognition of
human emotions. This work demonstrates various advancements in emotion recognition utilizing EEG signals and points
out major changing trends by making a comparison of previously available research in this field. In addition to the survey a
detailed explanation of the procedure for refining EEG for emotion recognition has been explained in this work. This aims
to help researchers, especially beginners, have a thorough understanding of the developmental research in this field.

Keywords EEG - Human—computer interaction - Human brain - Emotion recognition

1 Introduction

Artificial intelligence is a field of research based on logical
and mathematical intelligence. There have been several cat-
egories of research work in several fields that have tried to
leverage the benefit of artificial intelligence for better results
and insights. One such area of focus is emotion recognition
which can be associated with various human-centric com-
putational solutions. Machine learning applications can be
helpful in improving computation involving human emo-
tions. Understanding emotions is a crucial form of commu-
nication that involves several forms of human-gestures and
can help make HCI (Human—Computer Interaction) more
appreciable for human-centric applications. The sources of
human recognition may include facial expressions, voice
intonations, body language, and even subjective Self-
Assessment Manikin (SAM reports). While these methods
can be useful and have been used for years, researchers have
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concluded that they are unreliable for emotion recognition
because subjects can easily hide their original emotion by
manipulating various bodily expressions. Thus, the latest
standard is to employ physiological signals for the purpose
(Homan et al. 1987). The various forms of physiological
signals for emotion recognition may include factors like
heart rate (HR), electromyogram signal (EMG), respiratory
volume (RV), skin conductance (SKC), skin temperature
(SKT), blood volume pulse (BVP), etc. Studies have shown
EEG signals to be one of the best choices for emotion clas-
sification given that they are non-invasive, rapid, and afford-
able (Wioleta 2013).

In this paper, the survey conducted by Alracao et al.
(2017) has been extended and presented in the form of an
in-depth analysis of the changing trends of several signifi-
cant factors while carrying out the experiment to recognize
emotion using EEG (Alarcao and Fonseca 2017). For this
study, two queries were used with both IEEE Xplore and
Google Scholar. The first one being "EEG + Emotions + Rec-
ognition" while the latter being "EEG + Emotions + Identi-
fication". From the output received from the search query,
around 60 research papers were selected between the years
2017 and 2023 to carry out this survey. The work depicted
in this paper has been organized in different sections. The
Sect. 2 provides a brief background study to provide a more
in-depth understanding of EEG and the physiological aspects
of emotions in the human brain. It provides information

@ Springer
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A smart wheelchair provides mobility assistance to persons with motor disabilities by processing
sensory inputs from the person. This involves accurately collecting inputs from the user during various
movement activities and using them to determine their intended motion. These smart wheelchairs
work by collecting brain signals in the form of electroencephalography (EEG) signals and by processing
Keywords: them into a quantized format to provide movement assistance to people. Such systems can be referred
EEG to as brain-computer interface (BCI) systems that work with EEG signals. Acquiring data from human
Attention beings in the form of brain signals through EEG, along with processing of those signals and ensuring
Cost-benefit analysis the correctness of actions instigated by those brain signals involve a huge amount of data. In this work,
Machine learning we carried out an experiment by taking 100 human subjects and recording their brain signals using a
Meditation . NeuroMax device. Typical wheelchairs are constrained by design as the motion of those is limited either
Smart wheelchair by manual operation or controlled by haptic sensors and actuators. The main objective in this work
was to design a wheelchair with better usability and control using machine learning-based knowledge,
which is typically a data-driven approach. However, the proposed approach was designed to take
inputs from human gestures and brain sensory activities to provide better usability to the wheelchair.
The attention meditation cost-benefit analysis (AMCBA) proposed in this paper aims to reduce the risk
of inappropriate results and improve performance by considering various cost-benefit parameters. The
said classifier aims to improve the quality of emotion recognition by filtering features from EEG signals
using methods of feature selection. The operation of the proposed method is described in two steps:
in the first step, we assign weights to different channels for the extraction of spatial and temporal
information from human behavior. The second step presents the cost-benefit model to improve the
accuracy to help in decision-making. Moreover, we tried to assess the performance of the wheelchair
for various assumptions and technical specifications. Finally, this study achieves improved performance

in the most difficult circumstances to provide a better experience to persons with immobility.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of Shandong University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Information signals are useful for obtaining a thorough under-
standing of the complicated dynamics of interconnected neurons
in the human brain. The human brain experiences varied states
of activity, rest, and cognition. Investigating and classifying these
phases is a difficult task that necessitates the use of a well-defined
mechanism to assess brain activity. It is a well-observed fact
that brain activity is proportional to cognitive load. Electroen-
cephalography (EEG) [1] is a common neuroimaging method that
is employed for observing and recording neural activity in the
human brain. It is a technique that collects data from the surface
of the scalp with the help of metal electrodes, thus providing

* Corresponding author.
E-mail address: chand.cet@gmail.com (J.C. Badajena).

https://doi.org/10.1016/j.hcc.2023.100118

important data about the brain’s ongoing neural activity. This
method is preferred over other neuroimaging [2] processes, as it
is more cost-efficient [3] and facilitates the ease of mobility. De-
pending on our daily activities, our brain exists in varying states.
Therefore, to learn more about the different states and classify
the actual state, it is necessary to process the obtained data in
order to extract relevant features that can be further utilized
for classification [4]. Processing is also needed to determine the
precision and efficiency of the wheelchair based on the obtained
signal inputs from the human brain.

According to the studies conducted by the World Health Or-
ganization [5], nearly 650 million (and possibly more) people
are physically handicapped, out of which roughly 70 million are
estimated to be living in India alone. Several studies [4,6,7] have
found that the incidence of impairment rises with age.

The customization of a wheelchair based on individual pref-
erence may be a challenging task, because the required data

2667-2952/© 2023 The Author(s). Published by Elsevier B.V. on behalf of Shandong University. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Abstract: Mobile Crowdsensing (MCS) is a major source of a vast dataset containing heterogeneous types of data collected from
various sources and stored in the local or remote server. Proper analysis of MCS data helps in better decision-making. However, MCS
data suffers from data integrity issues, such as validity, accuracy, and reliability, that affect decision-making. Therefore, ensuring data
integrity in the MCS environment is essential as it is a major source of a huge dataset. The proposed work considers user review
data collection and analysis using a mobile application developed for the purpose. To ensure the data integrity, identification of fake
and invalid reviews in the dataset need to be determined. This work proposes two approaches to solve data integrity issues. The first
approach is to detect and eliminate fake/ invalid reviews from the dataset. The second is to identify the sources of fake/ invalid reviews
and block them to protect the dataset from future fake reviews. Machine learning (ML) models are proposed to solve these issues and
to ensure data integrity by filtering out fake reviews from real-time data sets. The proposed model uses data fuzzification over a purely
mathematical model that categorizes users or customers as honest, suspicious, or malicious and their reviews/ feedback as genuine or
fake using ratings provided by the user in the MCS Environment. Using the developed mobile application, user can give feedback
about the desired location through various devices, which is stored in a cloud platform. The dataset can be analyzed through a fuzzy
logic-based mathematical model followed by an ML algorithm and cost-benefit analysis to detect genuine reviews for maintaining
data integrity. Further accuracy of the proposed models is compared with popular ML algorithms such as Naive Bayes (NB), Bayes
Net(BN), Support Vector Machine(SVM), Decision Tree(J48), and Random Forest(RF). Initially, it achieves 99.79% of accuracy using
the Random Forest algorithm that has been enhanced to 100% using cost-benefit analysis in cross-validation mode.

Keywords:Data Integrity, Mobile Crowdsensing(MCS), Review classification, Machine Learning, Rating, Fuzzy Model, Cost
Benefit Analysis.

1. INTRODUCTION

Data integrity is defined as maintenance, assurance of
completeness, consistency, safety, and accuracy throughout
its life cycle. It is essential for any database or cloud
system that stores, processes, and analyzes data. It must
be secured and cannot be modified maliciously so that
obtained information from the dataset will be reliable
at any time. Various standards and rules have been
designed to ensure data integrity. Data integrity ensures
that information retrieved from the dataset will be reliable,
complete, and accurate. It is essential to identify and
eliminate invalid and fake data and also identify users
who wants to temper dataset through invalid and fake
data maliciously to ensure data integrity. It can be applied
and studied through different real-time applications such
as fake review analysis considered in the proposed work.

Feedback/Review provided by the user after getting an
experience on a particular thing is called a review. It may
be obtained from users in online and offline modes. It
may be positive or negative as per the user’s experience
with a specific product, place, person, etc. Positive reviews
can enhance popularity, whereas; negative reviews can
reduce the popularity of certain products, places, people,
etc. Therefore It plays an important role in a majority
of sectors. A review may be genuine or fake as per the
user’s intention. Some malicious users consistently provide
fake reviews on specific products, places, people, etc., to
compromise their popularity by increasing or decreasing. In
the current era, Reviews given by the user are considered
correct, and they blindly believe the feedback or reviews
provided by other customers or users. So it needs to be
reliable, real, accurate, and complete, but a few malicious

Email:ramesh0986 @igitsarang.ac.in,sateesh1960@ gmail.com, igitsethi @ gmail.com,udgata@uohyd.ac.in htips://journal.uob.edu.bh/
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Abstract

Emotions play a significant part in a person's social connections, decision-making, and perception of the world. Elicited
emotions cause a change in a person's physiological and psychological states. As Electroencephalography (EEG) facilitates
a close study of brain activity, it is becoming a standard method among the research community for reliable recognition of
human emotions. This work demonstrates various advancements in emotion recognition utilizing EEG signals and points
out major changing trends by making a comparison of previously available research in this field. In addition to the survey a
detailed explanation of the procedure for refining EEG for emotion recognition has been explained in this work. This aims
to help researchers, especially beginners, have a thorough understanding of the developmental research in this field.

Keywords EEG - Human—computer interaction - Human brain - Emotion recognition

1 Introduction

Artificial intelligence is a field of research based on logical
and mathematical intelligence. There have been several cat-
egories of research work in several fields that have tried to
leverage the benefit of artificial intelligence for better results
and insights. One such area of focus is emotion recognition
which can be associated with various human-centric com-
putational solutions. Machine learning applications can be
helpful in improving computation involving human emo-
tions. Understanding emotions is a crucial form of commu-
nication that involves several forms of human-gestures and
can help make HCI (Human—Computer Interaction) more
appreciable for human-centric applications. The sources of
human recognition may include facial expressions, voice
intonations, body language, and even subjective Self-
Assessment Manikin (SAM reports). While these methods
can be useful and have been used for years, researchers have
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concluded that they are unreliable for emotion recognition
because subjects can easily hide their original emotion by
manipulating various bodily expressions. Thus, the latest
standard is to employ physiological signals for the purpose
(Homan et al. 1987). The various forms of physiological
signals for emotion recognition may include factors like
heart rate (HR), electromyogram signal (EMG), respiratory
volume (RV), skin conductance (SKC), skin temperature
(SKT), blood volume pulse (BVP), etc. Studies have shown
EEG signals to be one of the best choices for emotion clas-
sification given that they are non-invasive, rapid, and afford-
able (Wioleta 2013).

In this paper, the survey conducted by Alracao et al.
(2017) has been extended and presented in the form of an
in-depth analysis of the changing trends of several signifi-
cant factors while carrying out the experiment to recognize
emotion using EEG (Alarcao and Fonseca 2017). For this
study, two queries were used with both IEEE Xplore and
Google Scholar. The first one being "EEG + Emotions + Rec-
ognition" while the latter being "EEG + Emotions + Identi-
fication". From the output received from the search query,
around 60 research papers were selected between the years
2017 and 2023 to carry out this survey. The work depicted
in this paper has been organized in different sections. The
Sect. 2 provides a brief background study to provide a more
in-depth understanding of EEG and the physiological aspects
of emotions in the human brain. It provides information

@ Springer
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ABSTRACT:

Channel assignment in CRAHN (Cognitive Radio Ad Hoc Network) is defined as a critical issue
during any kind of communication to be executable. It is a problem of determining an optimal
mapping between the accessible licensed channels and the cognitive radio channels such that the
performance of CRAHN is optimized. The objectives of the channel assignment in this concerned
network are to assign the available channels to cognitive radio interfaces of cognitive nodes to achieve
proficient spectrum utilization, to diminish the interference among cognitive or secondary nodes, and
to curtail the interference to PUs (primary users). Thus, motivates the necessity for optimization
during spectrum sensing in a cognitive radio system. This paper has narrowly focused on optimized
spectrum allocation problems by developing new algorithms under a platform of Non-dominated
Sorting-based Genetic algorithm (NSGA-II), Heuristic Harmony Search (HS), Cuckoo Search (CS),
and Multi Objective Bat Algorithm (MOBA) by weighted sum method. The assessment of
optimal solutions in terms of true pareto-fronts has been discussed towards ensuring eco-friendly
environment in context with channel allocation.

Keywords- CRAHN, PU, Cognitive Radio, Spectrum Allocation

1.INTRODUCTION

To meet the recent challenges in the rapidly expanded service demands, it is mandatory to materialize
the needs by means of integrating and merging fundamental wireless access network infrastructure like
ad-hoc, cellular, and broadcasting schemes as well as optimizing the communication resource
coordination towards various applications. In this context, to synchronize wireless network resources
by integrating services for different applications under various spectrum regulations, it is inevitable to
possess a cooperative, flexible, and reliable communication node. Hence, to provide ever-present and
un-interrupted connectivity with integrated access and dynamic services, it is advisable to have a
platform that is favorable for multi-band, multi-mode re-configurability being having operational
environment around it. A hopeful explanation to such a problem in above scenario is CRAHN with its
intellect ability required to realize the optimal performance that is to be projected under dynamic and
random situations [1].

It is very much understood that CR (cognitive radio) is supported behind a concept of SUs (secondary
users) might have sufficient transmission opportunity to assure their service quality due to the
underutilized behaviour of channel by the primary system. Under such circumstances if SUs fails to
find the means of increasing their transmission opportunity, then the quality of service (QoS) of the
secondary network will be meticulously ruined. Thus, necessary action is to be taken up to increase the
network throughput by creating additional transmission opportunity of CUs (cognitive users) without
affecting primary service quality [2]. Analysis of various optimal techniques in the field wireless
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Enhanced Clond Computing Adopdon By Disringuished Engimeering Motimutions
G Curtack Disgricr-4 Compararive dmalysis Secrion 4-Research paper
ENHANCED CLOUD COMPUTING ADOPTION BY
DISTINGUISHED ENGINEERING INSTITUTIONS OF
CUTTACK DISTRICT-A COMPARATIVE ANALYSIS

Dr Bibhu Kalyan Mishral™, Dr Kumar Surjeet Chaudhury?, Mr.Jasobanta Laha?®, Mr.Binava
Kumar Patrat, Dr Sanjay Kumar Patra®, Mr.Gyvana Prakash Bhuyan® Mr Veeranna Kotagi’

Abztract

Cloud computing can be considered as the most emerging technology of this era. Cloud computing can be
defined as a collection of softerare, apphications & other IT =zervices which are provided by clound service
provider swhich are stored in different scattered locatons like cloud in the sky & can be used by the user
through internet as per their need & reguirement by cloud service provider on a rent basis or pay-per-ssrvice
basis. . the researcher observed that most of the ensmineenng institutions of Cuttack district are suvwviving to get
better student retention rate & to attract new students the canse bemg lack of complete muigration to emrging
technolzy hike cloud. From this pandermc COWVID-19 it has been proved that cloud computing 1= the software
to be adopted m an enhanced way for today & tomormow. It has become the necessary required softarare &
backbone for virtual platform for common man of Odisha, India & whole world to camry out their regular digital
& virtual work from home

Keywords- clond computing, COWVID-1%, Enhanced
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1. INTRODUCTICN

force, etc, has besn Imprecssd by cument messarch i
Wirsless Jsmsor Networks (WENs) mckoology. A wiredes
radio fraquancy [1]. It gnificantly decreated the reqoiramant
for wired commectrvity. Hop radio rebrys. fonction wnthost an
mfttractome. Comtrarily, in the case of dispersed mods, the
simk will assistin g for the sake of data tremafar.
Denpite the mvilability of a varsty of information senvices,
WENs guarantos accomate dats sxchange by localixing in tme
and place i revponse do mer demand A typical WEN [2]
finctions well endar specific msource lindtations. Pnargy
sfficiency iz mot since the seosor nDodes are
dispamed. Based oo its capebilities for computing and
commmmication, sach sensor node in the sensing Geld makes a
judgment. Tha nods gathors and transmits the daty to i othar
node in the netoeork with the aid of a bass station. As a menlt,
the designated ama metwork becomes overcowded [3).
Chustering techriqnes ars wssd m WEMNs to address concerms
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Abstract
Drwe in ithe populariny gain in dee wide rezesrch ares in different feld of applicacion wireles: sescor mecwork
{WSN) kave been subject to deployed in dhe Last decades WS doe to wze in harsh esvironment difficalt io
exchange baneries phyzically. For that reason Enersy effidency sco a3 2 major facier o resorados of
hantery povwer in sessor networle The propesed alsorithm prolong the lifetime of the sensor netweork by
enbanging losd disoribetions in dee W3N. Thiz work nsed dhe chain-based ronting PEGASTS _ﬂFmrEn:E'
(Fatherizs in sensor informstes Tyshem. ) & basiz. In dex appreach optimal path model Lion swarm
chicken mwarm in PEGASTS based chaim dustering (PFEGA-LSCS) haz been wmed. The optimal path iz
chozen by wime Lion Swarm Opitimsrs ten (LS50 and to redoce the emergy consumpiton of the merwork
e Fnhamesd Chistering approsch iz intfiseed wang Chicken Swarm Optimsizsiios (59004 a reselt the
notceably improvement of lifedme in thiz approsch ke been showing. Orber rezelts Boe resideal energy.
packet delivery race and end fo end delay are alwo coacidered.

Eey Words: WEN, PECASTS, L350, 50, Clustering.
L Imcroductios abowt WiN

Winslews Sansor Metworks {WEN:) e w e fior military purposas, beaith. mooinring,
mmmmmu_inmﬂmmsufmmbﬁm]mthp:d w

y Thaea protocols 2re isolaied from the promeaels nsed at S top boyers [2]. The samsars that
arw typically with iy hertieries thart cammot be recharged wncs theny hone bean disrbned mons quickhy
and o ﬂmﬁ].harﬂbﬂ:\uﬁ-m&[mﬂm@mhmw:m
is fhe most difienlt challange. A lthongh thers are several slemants at plyy in this soananio, mmermes shdiss e
focmsed on rosting pethods for WEMNs [4]. Acconding to Se mthersd wooks, lifespan is defined 25 the ameoent of
tmn-ln&bﬂﬁ:nﬂnﬁ:mmsmdﬁmﬁrmumﬁ]

WEN discesses & wide range of applications in real-worid seciom, bt 1t alse facs diffimites [3] The oo
wirdass seasar netwnok-tased healthrore ntens ende e-heabthcam, M-hoakhrars, and remots healthrars
misms. The staksholdar in the E-health came system can enhance the: sanvices and their mformation with the wse
O\qunm hunmlndmuhiﬂ:mm stam o am electronic healthcam
e, patison axd assistamts muight meet axd comsns online. M- wimms rdy on mohile
devices to collect parsenal el information oo wears. This approach xids i gatharing data for researchar,
patients, and health aides

Hare, mal-time momitorizg el telamedicing are mchded o ansbls dimct patient came [4]. Edncation on phoydcal
compeing, particularhy with the xid of W3N, has mode some progess. This ooy be dee o 2 ladk of knowledge
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Improving navigational parameters and control of autonomous robot

using hybrid SOMA-PS0 technique
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Abstract

With the dewlopment of srsence and iecheciogy, robots gained their popularity iz mtceaiion and indosTial sppkcations.
Becmrer of this the msrarchers me moe locused iowands moGom planming anahy sis of mobile roboix, bipeds and human-
cids. Dharing the imessgation, @ wes discovered that the mbots 2m mone Bkety o become trapped in local minima md dead
ends. 5o, this paper aims o provide a novel hybridized artificial istelligesoe technigue by combining the Selfl orpanizing
migrating alporsthm (30MA) and Particle Swarm Optamiration 300 for optimal path plaenizg asd control of single and
malipie mobile robols in @ stalic and dynemic emvronment. Difler o parameiers of S0MA and PE0 slporitbm guides the
robois in reach global opsmized path in obsace prone emvimoment. The dewjoped bvbrid 30MA-P30 echmique is dested
i ¥-REP simulatics eoviname it wilh single and mulliple robots, and the simulaisos ouicomes ke been anthenlicated in
an exjperimenial s=iup under lzhomiory condisons. Whenever sensors deteces obstacte then the S0MA-PS0 actvaies and
e golisie with shemcies o mow up o secified tnged. A ey simulsion and real-ime experimesis the propossd sovel by brid
technique is sacoesshully achieved their target in o oplimared mamer. Furiher, 2 comparisos anshysis with iis standalons
tschnigues reveals the there is a significast improwment in savigationsl perameiers. Ages, te ecnique is fesied agassst
exasling paper and an average improvemest of 17765 is obserwed by wsiag e proposed by brid ednigue.

Kaywords Hyvbrid S0MA-PS0 - Motion planning - Controd - ¥. REP ssmubaior
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1 Intreduction

A robol s 2n auinmzied machine that cn do specitied tmds
quickly and pmcisaty with ltile or 5o humas assisimce_
Iz the last 30 years, the area of robotics, which deals with
the design eagineering and operso of robols, bas grosn
mapdiy. Mabale robols ca wirels ae beromang pradusiiy
important in the indusiry for the purpose of tansporia-
tLion, inspection, and opention due o Seir proficeency and
veralility. [ ecamse of their superior mvensl abditie s, the
mahile robols i progressively being emploed in auiomo-
ive indisirars, enierisinmest, military, medicine, maning.
Tescue, educaon, agriculiure, space, and @ variety of other
tiekds. Mobile robots am rapidly being used i satic mwell
25 dvnEmic environmenis.

The navigstional coatrol and opmal path plammang of
mibile robols s remzined a dificnl tesk sinoe their dewel-
opmeal. Robots, o the ather hand, have become 2n essential
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Modified SVPWM technique

for CMV reduction in asymmetrical
dual three phase induction machine
drive

Manoj K. Chaudhury™, Mukesh K. Pathak & Girish K. Singh

Due to its advantages, the asymmetrical dual three-phase induction motor drive is a strong choice

in high-power applications. However, the common-mode voltage produced by the voltage source
inverters affects the winding insulation and damages the bearings. Common-mode voltage is also
responsible for electromagnetic interference and leakage currents. This paper, therefore, analyses
the common-mode voltage produced by the inverter supplying a dual three-phase induction motor
drive and proposes a novel modified space vector decomposition-based Space Vector Pulse Width
Modulation (SVPWM) technique for common mode reduction. The vector space decomposition-based
space vector modulation technique offers excellent flexibility as it reduces the common-mode voltage
(CMV) by exploiting the additional degree of freedom in a dual three-phase system. The common-
mode voltage (CMV) can be reduced to one-sixth of the DC link voltage compared to the highest
CMV, i.e. half of the DC-link voltage produced in conventional space vector modulation. The proposed
method is also validated experimentally to demonstrate the effectiveness of the proposed scheme in
terms of the amplitude of CMV, pulsations, and total harmonic distortion(THD) in current.

List of symbols

As Stator flux linkage

Arr Rotor self flux linkage

Ars Rotor stator mutual flux linkage

Asr Stator rotor mutual flux linkage

Ass Stator self flux linkage

CMV Common-mode voltage

DTIM Dual three-phase induction machine
iy Rotor current

i Stator current

L n Loss component in £ — p plane

igr d-axis rotor current

ids d-axis stator current

igr q-axis rotor current

igs q-axis stator current

71,72 Zero sequence component in Z; — Z; loss plane
Ly Magnetising inductance

L, Stator rotor mutual inductance

Lgs Stator self inductance

RCMV  Reduced common-mode voltage
SVPWM  Space vector pulse width modulation

THD Total harmonic distortion
Vr Rotor voltage

Vg Stator voltage

Vs d-axis stator voltage

Vs q-axis stator voltage

VSD Vector space decomposition
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The choice of the optimal orientation of the solar panels is by far one of the most important issues in the practical application of
solar installations. The use of phase changing materials (PCMs) is an efficient approach of storing solar thermal energy. Because
PCMs are isothermal in nature, they provide better density energy storage and the capacity to function across a wide temperature
range. Unfortunately, this feature is very rare on various solar power panels; however, ignoring it can reduce the performance of
the panels to unacceptable levels. The fact is that the angle of incidence of rays on the surface greatly affects the reflection
coefficient and, consequently, the role of unacceptable solar energy. In this paper, a smart energy harvesting model was
proposed. In the case of glass, when the angle of incidence varies vertically from its surface to 30, the reflection coefficient is
practically unchanged and slightly less than 5%, i.e., more than 95% of the radiation goes inwards. Furthermore, the reflection
increase is noticeable, and the area of the reflected radiation by 60 doubles to almost 10%. At an angle of incidence of 70, it
reflects 20% of the radiation, and at 80, 40%. For most other objects, the dependence of the reflection magnitude on the angle
of incidence is approximately the same.

1. Introduction blocked. This is equal to the actual area of the panel multi-
plied by the sine of the angle between its plane and the direc-
Even more important is the so-called effective group area,  tion of flow (or, equally, perpendicular to the panel and by

viz. The intersection of the radiation flow was thereby the cosine of the angle between the direction of flow) [1].
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Abstract — Buildings consume over 40% of the world’s total energy supply, and their occupancy is increasingly
recognized as a major performance indicator due to its effect on a building’s energy costs and occupant
satisfaction. In this paper, a hybrid model is created to estimate future loads of a building with high efficiency
and accuracy. The proposed model is composed of two - connected in a cascade - artificial neural networks,
where the outcomes of the first network are fed into the second one, which in its turn performs the load forecasts.
A pre-existing dataset is used to verify the proposed model and to test a variety of training set sizes. Analysis of
the results is executed by taking six pair of combinations separately for both open door and closed door fault
cases. In this analysis, cascaded back propagation and Elman back propagation method - among the rest of the
analyzed methods - is found to give the best accuracy, i.e, 97.2% - 97.9%, which indicates that the suggested
hybrid technique is more accurate than the existing non-hybrid methods.

Keywords— Occupancy detection; Prediction model; Hybrid neural network structure; Accuracy.

Abbreviations

ANN Artificial neural network OD Open Door

NN Neural network CD Closed Door

CFBP cascaded forward back propagation GA Genetic algorithm

FF Feed forward SVM Support vector machine
EBP Elman back propagation k-NN K nearest neighbours

HVAC Heating and ventilating air conditioning

1. INTRODUCTION

The World Watch Institute reports that buildings use over 40% of global energy
annually [1]. As a result, good building load management is critical for effective energy use
and reduced energy consumption. Since the number of people in the space is a major
consideration for managing the loads, occupancy sensors are installed. Because of this,
occupancy rates have a big impact on how energy management is done.

Several studies and experts agree that accurate occupancy data is crucial to improving
building energy staging and, hence, lowering energy consumption in buildings [2, 3]. In [4],
the authors offer a heating and ventilating air conditioning (HVAC) system in which energy
consumption is cut by 10-15% of manual switching control based on the number of people
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Abstract— The motivation behind the research is the
requirement of error-free load prediction for the power
industries in India to assist the planners in making important
decisions on unit commitments, energy trading, system security
& reliability, and optimal reserve capacity. The objective is to
produce a desktop version of a personal computer-based
complete expert system that can be used to forecast the future
load of a smart grid. Using MATLAB, we can provide adequate
user interfaces in graphical user interfaces. This paper devotes
a study of load forecasting in smart grids, a detailed study of the
architecture and configuration of Artificial Neural Network
(ANN), Mathematical modeling and implementation of ANN
using MATLAB, and a detailed study of load forecasting using
the backpropagation algorithm.
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1. INTRODUCTION

The two variables on which the economic prosperity of
developing countries like India is constantly dependent are
the reliability and quality of electric power supply [1]. Load
forecast is a technique for predicting future loads for a power
system. Power companies use this methodology to forecast
the amount of power required to balance supply and demand.
Demand forecasting is used to determine generating,
transmission, and distribution capacity [2]-[4]. The type of
generation proficiency required is determined by the energy
prediction. In the design and operation of power systems,
accuracy in electrical load forecasting is critical [5]. It can
assist market participants in lowering operating costs and
building a more reliable energy supply system. Long-term
load forecasting is utilized in expansion planning, intertie
tariff fixing, and long-term capital investment planning that
spans one to ten years [6]-[7]. In order to schedule fuel supply
for a few weeks, the medium-term load forecast is used. For
unit commitment, maintenance & economic dispatch
difficulties, a short-term load forecast is used [8]-[11].

II. LOAD FORECASTING IN SMART GRID

Prediction of electricity necessary to satisfy the short or
medium-term & long-term load demand is known as “load
forecasting.” The forecasting methodology is used by utility
companies to aid in the operations and management of their

customers supplies [12]. Electricity load forecasting is an
important procedure that helps electricity-generating and
distributing businesses improve their efficiency and income
[13]. It can be used to manage their capacity and operations
so that they can reliably supply all of their customers with the
energy they need. The smart grid is a combination of
electrical and digital technology, as well as information and
communication technology, that allows for the integration of
business operations and the system to produce actual,
measurable value across the power distribution chain [14].
Through a communication system, an intelligent future
electrical system connects all supply grids and demand
elements. The Smart grid uses two-way digital technology to
transmit electricity to consumers, allowing for effective
consumer management and grid use to notice and correct
supply-demand imbalances. Load forecasting has an impact
on fuel resource planning and strategic decisions to balance
power supply and demand [15]. When the energy market
underwent a revolution, load forecasting became increasingly
important, spreading across other business areas such as
energy trading, financial planning, and so on [16]. Exact load
projections serve as the foundation for the system's spot price
initiation in order to obtain the lowest possible power
purchasing cost in the market. It is also advantageous for
electricity customers to comprehend the relationship between
demand and price, as well as to adjust their electricity usage
patterns in response to the price. In the Smart Grid scenario,
grid components are responsible for variations in the
consumer's electricity demand at different intervals of time at
the utility level [17]-[20].

II1. EXPERT SYSTEM

It is a computer program shown in Fig. 1, which is used
to simulate the abilities of a human expert to make decisions.
It’s a computer program that helps people solve problems by
simulating human decision-making [21]. Typically, it
accomplishes this by extracting knowledge from its
knowledge base and applying reasoning and inference rules
to the questions raised by the user. The first commercial
system to utilize knowledge-based architecture was the
Expert System. The knowledge base and the inference engine
are two subsystems that make up a knowledge-based system
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The maximum power point tracking (MPPT) has been a popular terminology
among those researchers who deal with one of the most available renewable
energy resources called solar power. Many researchers have evolved and
proposed a lot of techniques for tracking maximum power. But each
technique has its pros and cons. Some techniques suffer from complexity as
far as implementation is concerned, whereas other techniques lack accuracy.
In current research work, it has been investigated the MPPT using Newton
Raphson (NR) method, which has not yet received a good attention by
researchers. After observing its limitation, this method is modified (i.e.,
abbreviated as modified Newton Raphson method (MNRM)) to make it
suitable for extracting the maximum power from PV module. The feasibility
and precision of this method depends upon accurate measurement of
temperature and irradiation. By using MNRM, the presumption of initial
value is close to the voltage corresponding to maximum power, so it
leads faster converging to solution through a few rounds of
iterations. In order to validate it, a MATLAB/Simulink model is developed
and simulated. The proposed method is incorporated in PV module-fed buck
converter so as to explore superior performance.
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1. INTRODUCTION

A photovoltaics PV cell is smallest unit of solar power generating unit and its basic characteristic
(I~V) is mostly non-linear in nature. The connection of PV cells in series and parallel is known as PV module
and the grouping PV modules in series and parallel is known as PV array. The modeling of PV cell is
presented by Salmi e al. [1]. Since DC-DC converter is major component in solar power unit, so the
comprehensive review of various DC-DC converters is detailed and analyzed [2]. The maximum power point
tracking MPPT is common phenomenon among researchers in the field of solar technologies and the various
techniques of MPPT are focused and compared [3]. In this literature, the comparison includes the positive
aspects of each technique and its limitation. Also, it has been discussed about their performances and
complexities about their implementation. Anand and Fernandes [4] have elaborated on implementation and
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Chitralelha Jena* Frequency Control for EV-

Thermal-Hydro System Using
Cascaded 3DOFPID-FOPID-FOPD-
TID Controller

This study wnweils the application of cascaded- three degree of freedom proportional integral derivative -
fractional order proportional integral derivative- fractional order proportional derivative- tilted integral
derivative (CC-3DOFPID-FOPID-FOPD-TID) conwoller optimized by lecal unimadal sampling —teaching l2arning
based optimization (Lus-TLBO) algorithm for frequency stability. Conventional controller uvnder reformed
operating situations, are not giving reasonable performances as compared to cascaded controfler in terms of
robustness towards system non-linearities. Hence, @ novel optimal 3D0OFFID-FOPID-FOPD-TID controller is
exploited for 4-area hydro thermal power systems considering systemn non fineraities. Further batteries of
electric vehicles (EVs) are conformed hars in the control areas to spesdily incarcerated frequency oscillations
following load demands to improve the stability of the system. Freguent simulations are directed to substantiate
the robuwstness and supericrity of EVs and the recommended control strategy over prevailing approaches. A
hybrid Lus-TLED algarithm is introduced hera to optimize the controller parameters. The supremacy of dynamic
performances of Lus-TLEQ optimized controfler is accomplished with teaching learning based optimization
[TLBD) based for EV with system and without system through extensive simulations. Moreover the preeminence
of cascade 3DOFPID-FOPID-FOPD-TID controller is executed in comparison with 3DOFPID-FOPID-TID,
3DOFPID-FOPID and 3DOFPID-TID controllers. Finafly the robustness of this cascade is performed under
random load fluctuation.

Eeywords: Electric vehicle, area control emmor, fractional order controller, cost function. nonhinear
comstraints

1. Intreduction

It is overbearing to sustain the power steadiness between the generation and demand for
an immense and complex power system. Hence the foremost apprehension to deliver
enunence power to the cestomer in contradiction of load variations, dispersion of renewable
energy rescurces and larpe number of intercomnected power system network. With the
advancement of technology Now days, EV is the widely emerging research area due to
lower noise pollution and greenhouse emissions. After the permeation of PHEV i the grid,
ngorous work has been enumerated concerning LFC [1-4]. In [1. 2]. exploitation of electric
vehicle for deregulated power system using fractional order controller optimized by flower
pollination algorithm (FPA) has discussed. In [3]. the effect of electric wehicle for an
interconnected thermal and hydro thermal power system using cascade fuzzy-fractional
order integral denivative with filter (CF-FOIDF) controller has expounded. Robust
frequency control for three area thermal systems incorporated with EV psing 2DOF-PID
controller has discussed in [4]. Primary control action by governor mechanism is not
adequate to abolish the steady state error sharply which demands a secondary controller.
Easiness execution of PID controller 15 frequently used in pover system industnes for last
few periods. Different conventional controllers such as PID [5]. degrees of freedom PID
controller [6. 7] and fozzy PID controller [8] are employed i different structores of LFC
izspes. However. these conventional controllers canmot give satisfactory performances
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Abstract— The motivation behind the research is the
requirement of error-free load prediction for the power
industries in India to assist the planners in making important
decisions on unit commitments, energy trading, system security
& reliability, and optimal reserve capacity. The objective is to
produce a desktop version of a personal computer-based
complete expert system that can be used to forecast the future
load of a smart grid. Using MATLAB, we can provide adequate
user interfaces in graphical user interfaces. This paper devotes
a study of load forecasting in smart grids, a detailed study of the
architecture and configuration of Artificial Neural Network
(ANN), Mathematical modeling and implementation of ANN
using MATLAB, and a detailed study of load forecasting using

the backpropagation algorithm.
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1. INTRODUCTION

The two variables on which the economic prosperity of
developing countries like India is constantly dependent are
the reliability and quality of electric power supply [1]. Load
forecast is a technique for predicting future loads for a power
system. Power companies use this methodology to forecast
the amount of power required to balance supply and demand.
Demand forecasting is used to determine generating,
transmission, and distribution capacity [2]-[4]. The type of
generation proficiency required is determined by the energy
prediction. In the design and operation of power systems,
accuracy in electrical load forecasting is critical [5]. It can
assist market participants in lowering operating costs and
building a more reliable energy supply system. Long-term
load forecasting is utilized in expansion planning, intertie
tariff fixing, and long-term capital investment planning that
spans one to ten years [6]-|7]. In order to schedule fuel supply
for a few weeks, the medium-term load forecast is used. For
unit commitment, maintenance & economic dispatch
difficulties, a short-term load forecast is used [8]-[11].

I1. LOAD FORECASTING IN SMART GRID

Prediction of electricity necessary to satisfy the short or
medium-term & long-term load demand is known as “load
forecasting.” The forecasting methodology is used by utility
companies to aid in the operations and management of their

customers supplies [12]. Electricity load forecasting is an
important procedure that helps electricity-generating and
distributing businesses improve their efficiency and income
[13]. It can be used to manage their capacity and operations
so that they can reliably supply all of their customers with the
energy they need. The smart grid is a combination of
electrical and digital technology, as well as information and
communication technology, that allows for the integration of
business operations and the system to produce actual,
measurable value across the power distribution chain [14].
Through a communication system, an intelligent future
electrical system connects all supply grids and demand
elements. The Smart grid uses two-way digital technology to
transmit electricity to consumers, allowing for effective
consumer management and grid use to notice and correct
supply-demand imbalances. Load forecasting has an impact
on fuel resource planning and strategic decisions to balance
power supply and demand [15]. When the energy market
underwent a revolution, load forecasting became increasingly
important, spreading across other business areas such as
energy trading, financial planning, and so on [16]. Exact load
projections serve as the foundation for the system's spot price
initiation in order to obtain the lowest possible power
purchasing cost in the market. It is also advantageous for
electricity customers to comprehend the relationship between
demand and price, as well as to adjust their electricity usage
patterns in response to the price. In the Smart Grid scenario,
grid components are responsible for variations in the
consumer’s electricity demand at different intervals of time at
the utility level [17]-[20].

I11. EXPERT SYSTEM

It is a computer program shown in Fig. 1, which is used
to simulate the abilities of a human expert to make decisions.
It’s a computer program that helps people solve problems by
simulating human decision-making [21). Typically, it
accomplishes this by extracting knowledge from its
knowledge base and applying reasoning and inference rules
to the questions raised by the user. The first commercial
system to utilize knowledge-based architecture was the
Expert System. The knowledge base and the inference engine
are two subsystems that make up a knowledge-based system
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Abstract—High performance variable speed drives have become
indispensable for the modern age industry where the product
quality and productivity are of utmost importance. Because of the
many drawbacks of dc drives, research attention has been focused
toward ac drives, mainly induction motor drives. The ac drives
have evolved over the years with improved transient torque output
response that closely matches the response obtained from dc
drives. This paper presents a complete hardware based two
quadrant analog torque controller for squirrel cage induction motor
based on the Direct Torque Control (DTC) scheme. The proposed
analog torque controller may find its own niche area of
application, for example, in packaging industries where mostly
small and medium sized drives are used. The two quadrant analog
torque controller has been implemented as a simple hardware
circuit based on the DTC scheme. The implementation is done
using commonly available low-cost hardware components.

1. INTRODUCTION

The three-phase Squirrel Cage Induction Motor (SCIM) is
the prime choice for industrial drives. Its robustness, simple
construction and economic energy consumption at variable
load has made it most popular among all the AC or DC
motors. The Direct Torque Control method, postulated in
1980s, was simple in its implementation for providing fast
torque control in the SCIM. Unlike the Field Oriented
Control (FOC) Scheme, the DTC scheme could overcome
the complexity of reference frame transformation [1, 2].
Almost all switching table-based DTC (ST-DTC) schemes
[2-9] reported in literature use digital computing devices like
personal computer (PC) or digital signal processor (DSP) for
their implementation. One of the attractive alternatives for
DSP or PC based implementation came out as complete
hardware based analog implementation of the scheme with-
out using any digital computing device. The advantage of
this hardware control scheme is that it is faster compared to
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A major concern is frequency change with load. So, Load Frequency Control (LFC)
of an interconnected power system is proposed in this research using a unique
integral plus proportional integral derivative controller with filter (IPIDF). The
Differential Evolution (DE) algorithm is used to optimize the integral plus
proportional integral derivative controller with filter controller parameters for a
two-area power system. By contrasting the results of the proposed method with
those of recently published optimization techniques for the same power system,
such as the Particle Swarm Optimization (PSO), Genetic Algorithm (GA), Firefly
Algorithm (FA), and Differential Evolution (DE) based Proportional integral derivative
(PID) and PIDF controllers, the superiority of the integral plus proportional integral
derivative controller with filter approach is made clear. It is possible to determine
the system performance index like integral time multiplied the absolute error (ITAE)
and the settling time (Ts). The power system with superconducting magnetic
energy storage and an HVDC link is also included in the proposed work, and the
values of the suggested integral plus proportional integral derivative controller with
filter controllers are evaluated using the Differential Evolution method. By
comparing the outcomes with the Differential Evolution tuned PIDF controller
for the identical power systems, the suggested controller's superiority is
demonstrated. To show the stability of the recommended Differential Evolution
algorithm tuned integral plus proportional integral derivative controller with filter
controller, the speed governor, turbine, synchronizing coefficient, and frequency
bias parameters’ time constants and operating load conditions are varied in the
range of +25 to —25% from their nominal values, along with the magnitude and
location of step load perturbation and pulse load perturbation, to perform
sensitivity analysis. According to research, proposed integral plus proportional
integral derivative controller with filter controllers offer greater dynamic
response by minimizing time required to settle and undershoots than
Proportional integral derivative controllers and PIDF controllers. MATLAB/
Simulink is used to run the simulations.

KEYWORDS

load frequency control (LFC), differential evolution (DE) algorithm, proportional
integral derivative (PID), integral plus proportional integral derivative controller
with filter (IPIDF), superconducting magnetic energy storage system (SMES)
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Abstract

The performance of free space optical communication system using multi-input multi-
output orthogonal frequency division multiplexing (MIMO-OFDM) with a modified
receiver structure is evaluated in this paper referred to as MIMO-OFDM-FSO with the
modified receiver (MIMO-OFDM-FSO-MR). Utilizing equal gain combining the analysis is
done by taking closed-form expression of average bit error rate and throughput. The
simulation is performed to estimate various performance parameters such as
throughput and bit error rate (BER) for the proposed MIMO-OFDM-FSO-MR model under

different turbulence and weather conditions. Simulation reveals that the proposed
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ABSTRACT Network slicing known as NS is a key enabling technology used for 5G wireless network.

Itis a fi Fvi izati . .
: j a l1‘orm of virtualization network that shares physical resources with multiple slices of virtual netw
eploys on same physical network to serve specific application with better flexibility and

ork
efficiency.

NS mSlances composed of VNF instances, commonly known as virtual network function, for point-to-
point virtual slice network. Implementing VNF is an embedding problem in a wireless domain. 3GPP
(Third Generation Partnership Project) introduced NS in Release 15. IoT (Internet-of-Things) can be one
of the applications of Network Slicing which can allocate different network resources in the platform of
physical things. Finally. it also analyses performance in terms of latency and data rates. In this paper, we

have analysed data rates and latency of three different use cases by using diverse

various simulation result of use cases.

algorithm. We obtained

INDEX TERMS Network slice, Internet-of -Things (IoT), software-define network (SDN), Network

function virtualization (NFV), eMBB, URLL. mMTC

.INTRODUCTION The fifth-generation
networks provide large spectrum with higher data
rates in multi-gigabit-per-second (Gbps) for users.
The connectivity of smart devices and appliances
is increasing exponentially [1]. The main
challenge for mobile operators is 1o connect more
devices with high data rate, optimize bandwidth
as well as latency [2]. Mobile operator developed
solution to challenges. 5G NS is developed n
3GPP standard in Release 15 and 16[1][2]. Tt
internet speed and cost. [t also
network and enhances
spectrum by connecting huge devices lhal' 15 a
well-organized technology for current lacing
problem such as interference which oceurs during

. e s
massive transmission [3].

allows better
improves capacity of

Volume 13, Issue ¥, SEPTEMBER - 2023
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5G wireless network provides multi-giga-bits of
data rates, better reliability with less time required
and less latency. It supports high users’ mobility
[4](2]. But it has certain drawback which prevent
advancement in fulfilment of these characteristics
[1]. Also, upgradation in hardware will be
expensive and not feasible. To resolve these
problems, new concepl is used [5]. These are
Software-Defined Networking (SDN) and Netwaork
Function Virtualisation (NFV) which can upgrade
physical structure without upgrading hardware. It
improves wireless network flexibility and network
scalability. It can be used as the key components in
the architecture of the G network, and using these
SDN technology and NFV technology allows split
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ENVIRONMENT

‘Ramesh K Sahoo
4 A gsistant Professor

LA chi Qe . g ' s .
Ashima Rout,’Sunita Dhalbisoi,’Debajyoti Mishra,
Associate Professor,”Assistant Professor, Associate Prolessor,
Department of ETC Engincering,
'IGIT Sarang,Odisha, India
Abstract: Network slicing (NS) is a main allowing technology vsed in cellular 3G wircless communication networks.NS is
introduced by 3GPP (Third Generation Partnership Projeet) in releases 15 or 16, 5Gi network is standardized with more software
implementation 1o provide better flexibility and support different services. Virtualization of network functions, cm_nl‘nm!iy _callcd
VNF is a software-based technique to enable different function. The NS technique is mostly suitable for cumpuung-dlstnl-»u‘tcd
environments. Two different approaches are the random-aceess network function called as RAN and the core network function
called as CN, which are used for fast network function deployment. Here, different algorithms are used for finding optimal
solution with less complexity and time.
Index Terms - Network-slice, Core Network (CN), Software-Define-Network (SDN), Ncl.wnrk-Funcliun-erluaIiza(ion (NFV),
Genetic Algorithm, Random Access Network (RAN) '

I. INTRODUCTION The extensive increase in use of gadgets causcs a surge'in mobile traffic across the global network. Due to
increase in demand and a higher bandwidth requirement, A fifth-gencration network is implemented. 5G provides better network
also provides better flexibility and scalability. Software-defined network (SDN) and
atuses of the 5G eellular network, which can solve network issues with
le the network for each use case, such as ultra-reliable low latency
(called as URLL), enhanced mobile broadband (eMBB), loT. ete. Network slicing enhances performance through optimal

¢ services are characterized based on the cost plane and user
data rates. reliability, throughput, and latency 2] [1]-
isolation, mobility, ete. Network build-on

connections and services. SG technology
network function virtualization (NFV) are the main appar
changing physical infrastructure.[1]. Network slice helps divic

utilization of resources, With the increase in the number of devices, th
plane. Here, performance depends on bandwidth, number of users,
Similarly, network functionalitics depend on radio resource management, security,

software is used in SDN technology, and virtualization is used in NFV technology.
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Design of 256-bit Data Security Unit with the
Analysis of Security Attacks
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ABSTRACT: The paper aims to provide a security solution for 256-bits digital data using Cryptography and
Steganography techniques during its transmission over the digital network with data integraty test and the analysis of
active & passive attacks. The Cryptography technique has been implemented using a newly developed data security
algorithm having various operations on the data and the keys and the Steganography technique has been implemented
using data cover technique. In order to check the integrity of the data, the data integrity check has been done so as to
ensure that the data has not been modified by the attacker during its transmission. The proposed algorithm is found to
be resistant towards various types of attacks such as Brute-force attack, timing attack, pattern attack etc. The maximum
combinational path delay ot proposed project is 14.426ns.

KEYWORDS: Cryptography; Steganography; Combinational Path Delay; Brute-force attack

I. INTRODUCTION

In order to maintain the privacy of the data, different researches are carried out so as to avoid the hacking of
the information / data. The privacy can be achieved by using data security techniques. The technique may be A
Cryptography Technique or Steganography Technique or the combination of both the techniques. The Cryptography
technique uses the concept of encryption process to achieve data security and the the Steganography technique uses the
concept of data cover / imge cover / audio cover / video cover to achieve the privacy of the information. In the
Proposed algorithm, the data cover has been used to provide privacy to the 256-bits data. In the encryption algorithm,
four keys are used to achieve the data security.

II. PROPOSED ALGORITHM

The algorithm used in the proposed work is given as follows:

Step 1: The 256-bits data and four keys having key sizes of 256, 512, 512, 256-bit are given to the 1% block of
Cryptography unit which produces 256-bits coded data and the output of the 1" block with eight keys each
having 64-bit are given to the input of the 2™ block of Cryptography unit which produces the 256-bit middle
encrypted data.

Step 2: The output of the 2" block of the Cryptography unit and the 256-bits covering data is given to the
Steganography unit which produces 512-bits final encrypted data.

Step 3: The reverse operations are performed on the middle encrypted data, final encrypted data and the keys so as to
produce the 256-bit data which is the exact repica of the 256-bit original input data.

Step 4: The data integrity test has been done in order to check the integrity of the data (i.e. change in the data (if
any)).

Step 5: The analysis of the active and passive attacks has been done with respect to the proposed data security

algorithm.

IJIRCCE©2022 | AnISO 9001:2008 Certified Journal | 3500
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Abstract

The static stability investigation of a Timoshenko sandwich beam with varying thickness and
supported on a Pasternak foundation with varying spring stiffness with axial loading at the
ends is performed considering thermal gradient. The complete mathematical modelling of
the non-uniform Timoshenko sandwich beam is expressed with the help of energy principle
given by Hamilton. The static stability analysis of the system is analysed for pinned-pinned
(P-P) boundary condition. The plots presenting the static stability of the Timoshenko
sandwich beam are achieved and analysed for various values of system and geometric
parameters using MATLAB and are illustrated over a series of figures. The system static
stability is improved due to shear parameter, the ratio of shear layer thickness to beam length

and the ratio of modulus of rigidity of supporting shear layer and modulus of elasticity of top

layer. An increment in the taper parameter and thermal gradient parameter degrades the
static stability.

Keywords

Timoshenko sandwich beam; Variable Pasternak foundation; Taper parameter; Static
stability

1. Introduction
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Calcium titanate (CT) is a material that is similar to hydroxyapatite in biological properties. In this report.
CT powders was prepared by using high energy planetary ball mill and to determine their phases distm-
bution, microstructure and surface marphology as an effect of milling duration was characterized by XRD,
SEM. and BET analysis. As results, XRD, SEM and BET analysis indicate that all the peaks were the CaTi0,

powders in regular shape and uniformly distributed size of 2 prn in 32 h. Finally, it can be concluded that

with increasing the milling time has significantly influenced and reduced CaTiO; crystalline powders
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1. Introduction

Calcium titanate (CaTiO;) is a family of Perovskite which was
discovered in the Ural Mountains of Russia by Gustav Rose in
1839 and named after Russian mineralogist, L. A. Perovski (1792~
1856). CaTiO; is a parent compound of the perovskite family and
is used to immobilize nuclear waste [ 1,2]. This compound is widely
used in electronic ceramic materials. Over the past decade, there
has been some interest in the structural transformations of CaTiO,
[3-6). The perovskites have attracted considerable attention
because of their technological applications, often associated with
the phase transition, and their importance in the earth science
[7]. In the recent years, CaTiO; has been proven to have better bio-
compatibility [8], increased osteoblast cell adhesion [9] and
enhanced ostecintegration [10] as compared to hydroxyapatite.
In order to understand better biological and functional applica-
tions. an understanding of structural and physical properties with
a cost effective process of CaTiO; is unimportant,

Recently, calcium titanate was intreduced as a biomaterial that
is similar to hydroxyapatite (HA) in biological properties. Several
special methods are known for the synthesis of CaTi0O,; nanomate-
rials such as sol-gel |11), precipitation [12]. polymeric precursor
[13], organic-inorganic solution [14]. and combustion [11] etc.
CaTiO; is one of the materials that were initially synthesized via

» Corresponding author.
E-maif address: prafullamallik@ighsarang.acin (P.K. Mallik).

hups:ﬁdui.nrg}1D.IﬂlG.fj.m.llpr.ZDI‘.l.DB.OJ'i"
2214-7853/© 2021 Elsevier Ltd. All rights reserved.

the mechanochemical route from the varying mixture af CaCQ,,
Ca0 and TiO,. The mechanochemical synthesis process is carried
out in planetary mills at different milling condition such ball to
weight ratio, milling time and milling speed. The size reduction
process and the microstructural evolution of the CaTi0, during
milling process is mainly influenced by the type of impulsive stress
applied by the grinding media and other parameters such as atmo-
sphere composition and the presence of different liquid media
inside the grinding mill. The major drawbacks of this process are
contamination and energy consumption. However, the study on
mechanochemical effect on fine particles has created much inter-
est among rescarchers because of its several advantages to down-
stream processes like reducing the annealing and sintening
temperature, reducing the phase transformation temperature.
decreasing the thermal decomposition temperature, and increas-
ing the particle reactivity [5.7.8].

The main purpose of this report is to understand the influence
of milling conditions on the mechanochemical synthesis of CaTi0
powders and their microstructure and surface morphology usin
BET analysis, XRD and SEM analysis.

2. Experimental procedure

2.1. Materials and methods

The starting materials from different precursors such as, C
(98% purity, Nice) and rutile Ti02 (98% purity, Nice) was mixed
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Abstract

With the development of science and technology, robots gained their popularity in
Because of this the researchers are more focussed towards motion planning analysis of mobile robots,

automation and industrial applications.
bipeds and human-

become trapped in local minima and dead

oids. During the investigation, it was discovered that the robots are more likely to
chnique by combining the Self organizing

ends. So, this paper aims to provide a novel hybridized artificial intelligence te

al path planning and control of single and

migrating algorithm (SOMA) and Particle Swarm Optimization (PSO) for optim
meters of SOMA and PSO algorithm guides the

multiple mobile robots in a static and dynamic environment. Different para
robots to reach global optimized path in obstacle prone environment. The de

in V-REP simulation environment with single and multiple robots, and the s
Whenever sensors detects obstacle then the SOMA-PSO activates and

After simulation and real-time experiments the proposed novel hybrid

an experimental setup under laboratory conditions.
negotiate with obstacles to move up to specified target.

technique is successfully achieved their target in an optimized manne

veloped hybrid SOMA-PSQ technique is tested
imulation outcomes have been authenticated in

r. Further, a comparison analysis with its standalone

techniques reveals that there is a significant improvement in navigational parameters, Again, the technique is tested against
existing paper and an average improvement of 17.76% is observed by using the proposed hybrid technique.

Keywords Hybrid SOMA-P5S0 - Motion planning - Control - V-REP simulator

5] Manoj Kumar Muni 1 Introduction

manoj 1 986nitr @ pmail com

Pragyan Kumar Pradhan

pragyankumarpradhan @gmail.com

Prasant Ranjan Dhal

prdhal @ gmail.com

Saroj Kumar

sarojdsks @gmail.com

Rabinarayan Sethi

rabinsethi@igitsarang.ac.in

Sanjay Kumar Patra

sanjay. patra@gmuail.com

Department of Mechanical Engineering, Indira Gandhi
Institute of Technology, Sarang, Dhenkanal, Odisha 759146,
India

Robotics Laboratory. Mechanical Engineering Department,
National Institute of Technology, Rourkela, Odisha 769008,

India

Depariment of Computer Science Enginecring, Indira Gandhi
Institute of Technology, Sarang, Dhenkanal, Odisha 759146,

India

Published online: 17 January 2023

A robot is an automated machine that can do specified tasks
quickly and precisely with little or no human assistance.
In the last 50 years, the area of robotics, which deals with
the design engineering and operation of robots, has grown
rapidly. Mobilc robots on wheels are becoming gradually
important in the industry for the purpose of transporta-
tion, inspection, and operation due to their proficiency and
versatility. Because of their superior traversal abilities, the
mobile robots are progressively being employed in automo-
tive industries, entertainment, military, medicine, mining,
rescue, education, agriculture, space, and a variety of other
fields. Mabile robets are rapidly being used in static as well
as dynamic environments.

The navigational control and optimal path planning of
mobile robots has remained a difficult task since their devel-
opment, Robots, on the other hand, have become an essential

@ Springer
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Abstract: A time series anomaly is a form of anomalous subscquence that indicates future faults will occur. The

development of novel techniques for detecting this type of anomaly is significant for real-time system monitoring. Several
algorithms have been used Lo classily anomalies successfully. However, the time series anomaly detection algorithm was

not studied well. We use a new bidirectional LSTM and GRU neural networks-based hybrid autoencoder to detect if a

machine is operating normally in this research. An autcencoder is trained on a set of 12 features laken from healthy

operating data gathered promplly after a planned maintcnance period using vibration sensors. The fealures taken from
pew data are theu reconstructed using the trained model. I the model avcurately reconstructs the festures, the inachine

is in good working order. [ the reconstruction exceeds a cerlain error threshold, the machine is [unctioning strangely

and needs to be serviced.

Key words: Autoencoders, anomaly detection, deep learning, predictive maintenance

1. Introduction
Anomaly detection in time series is a critical subject in the fields of computer science and data mining (14]. Lt
was widely used in a variety of practical uses, including signal processing, pattern identification [5], mathematical

finance, forecasting the weather [6], and control engineering [7]. It has become a requirement in the industrial

sector, as faults that go undetected can result in a catastrophic tragedy [8]. Industrial systems are subjected
to 2 great deal of stress daily and are failure-prone, thus detection of anomalies can help to improve system
and performance. This has a direct impact on productivity and lowers operating and maintenance

As a result, several studies in this field may be found in a variety of industries, including automotive
13], or even medicine, which uses a variety

avzilability
expenses [9].
(10), manufacturing [11], energy [12], Sensing networks in the industry |

of pictures [14].

A time-series anomaly is described as an out of the ordinary pattern that deviates from predicted
behaviour. There have been three types of categories of time series anomalies: a single point, a context,
and a group [4]. Individual samples that exceed the usual range are referred to as

discovered using an ultralimit alert. When the sequences’ context shifts, contextual ano
Multiple occurrences of data may constitute at
ant. As a result, it is ditficult for

point anomalies and can be
malies develop, which
is always tightly tied to the temporal element. 1 anomaly as
a sequential sequence, however, the individuals in this serics may be irrelev
models in detecting anomalies to efficiently capture distinct properties of several abnormalities in a time series.

*Correspondence:  kepmechevrcetgmail.com
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Optimization of Operating Parameters
for Improve the Combustion in Single
Cylinder Four Stroke DICIVCR
Engine Using Grey Relation Analysis
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Abstract

This paper aims to present a novel method for the
optimization of operating parameters of a four
stroke variable compression ratio direct injection
compression ignition engine with multi objective-
based orthogonal design with grey relation analysis.
Testing is conducted on the test engine.
Combustion testes are carried out on the test
engine using pure commercial diesel fuel under
atmospheric conditions. In the present work,

operating parameters such as compression ratio,
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Abstract

Calcium titanate (CT) is a material that is similar to hydroxyapatite in biological properties. In this report, CT powders was prepared by

using high energy planetary ball mill and to determine their phases distribution, microstructure and surface morphology as an effect of
milling duration was characterized by XRD, SEM, and BET analysis. As results, XRD, SEM and BET analysis indicate that all the peaks were
the CaTiO3 powders in regular shape and uniformly distributed size of 2pm in 32h. Finally, it can be concluded that with increasing the
milling time has significantly influenced and reduced CaTiO; crystalline powders after calcinations.
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ABSTRACT

Even though metal may be effectively shaped by a variety of other manufacturing
techniques, machining continues to play a significant role in industries. Turning is a
conventional chip-forming operation that removes undesirable or surplus material
from a cylindrical workpiece. The major objective of process optimization in turning
operation research is focusing on the development of statistical modeling and
optimization techniques for boosting production rate, lowering costs, and reducing

product rejection. The current work aims to improve the CNC turning process of Al

7075 using coated carbide inserts. This investigation uses grey relational analysis,

desirabilitv function analvsis. Multi-obiective Genetic Algarithm (MOGA) and Murlti-



ORIGINAL RESEARCH ARTICLE

Tailoring the Processing Route to Optimize
the Strength—Toughness Combination of Pearlitic

Steel

SWARNALATA BEHERA, RAKESH KUMAR BARIK, SK.MD. HASAN,
RAHUL MITRA, and DEBALAY CHAKRABARTI

The present study fine tunes the processing route of a eutectoid steel to shape an optimum
strength—toughness combination through appropriate microstructural design. A fully lamellar
coarse pearlite microstructure leads to poor strength and toughness. Hot deformation prior to
the isothermal treatment breaks down the lamellar pearlite to a spheroidized structure.
Moreover, reducing the hot deformation temperature not only refines the pearlite nodule size
but also increases the spheroidized pearlite fraction, which thereby improves the toughness of
the steel. However, no proportionate increase in yield strength was obtained due to insignificant
change in the interlamellar spacing. Remarkable refinement in lamellar spacing and increase in
the spheroidization amount was ensured when the hot deformation was carried out just below
the eutectoid temperature, owing to the strain-induced pearlite transformation. The presence of
a mixed microstructure of fine lamellar pearlite along with spheroidized pearlite constituents
simultaneously improves both the yield strength and toughness of the steel. Optimum
strength—toughness combination was attained when the hot deformation strain (just below the
eutectoid temperature) was increased up to 45 pct. Subsequent increase in strain creates
deformation bands and traces of strain-induced bainite in the microstructure, which again
deteriorates the tensile elongation of the steel.

®
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I. INTRODUCTION

SIMULTANEOUS improvement of strength and
toughness through the concept of effective grain refine-
ment is the most convenient route for escalating the
performance of low-to-medium carbon steels containing
ferrite, ferrite + pearlite, martensite, or Dbainite
microstructures. ®' In those steels, the boundaries
separating the adjacent grains act as obstacles to
dislocation motion (determining strength) as well as to
the cleavage crack propagation (deciding toughness). In
other words, the same microstructural unit can control
both the strength and the toughness. However, in case of
high carbon steels with lamellar pearlite as the major

SWARNALATA BEHERA, RAKESH KUMAR BARIK,
RAHUL MITRA and DEBALAY CHAKRABARTI are with the
Department of Metallurgical and Materials Engineering, IIT
Kharagpur, Kharagpur, 721302, West Bengal, India. Contact e-mail:
barikrakesh4(@gmail.com SK. MD. HASAN is with the Department
of Metallurgical and Materials Engineering, Indian Institute of
Technology Jodhpur, NH 65 Nagaur Road, Karwar, 342037,
Jodhpur District, Rajasthan, India.

Manuscript submitted May 11, 2022; accepted July 28, 2022.

Article published online September 2, 2022

METALLURGICAL AND MATERIALS TRANSACTIONS A

phase constituent, there is no such unique microstruc-
tural parameter that governs both the strength and
toughness simultaneously. For instance, the hard and
brittle cementite lamellae in the pearlite act as obstacles
to dislocation slip,’™'" but these are ineffective for
restricting the crack growth.''! Therefore, refinement of
the interlamellar spacing between the cementite lamellae
can unambiguously improve the strength, but it cannot
guarantee any proportionate increment in toughness.
The toughness of the pearlitic steels is believed to be
improved by refining the size of pearlite nodules, and
more significantly by spheroidizing the lamellar struc-
ture of pearlite.'>">) Moreover, the steels with fully
spheroidized pearlite are reported to possess a very high
ductility, but it is achieved at the expense of loss in
tensile strength.!'>'®) In addition, spheroidized pearlite
also suffers from poor work hardenability due to its high
yield strength (YS)-to-ultimate tensile strength QUTS)
ratio in excess of 0.85 (as reviewed by Zheng et all'™). It
is therefore desirable to fine tune a mixed microstructure
of lamellar and spheroidized pearlite to get an optimum
level of high strength and high toughness without
impairing the work hardenability much.
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Abstract: The present investigation focuses on developing cost-effective Carbon/Glass/Kevlar fiber-
reinforced polymer hybrid composite laminates for achieving its synergistic effect on flexural and
impact performance. It investigates the effect of stacking sequence induced by the use of different
fiber types (Kevlar = K, glass = G, and carbon = C) on the flexural and impact performance of the
composites. Five hybrid composites (labelled as A = [G,K3G;], B = [KG,CG;K], C = [CKGCGKC(],
D = [CGKCKGC(], E = [CK;,CK,C]) and three plain (i.e., non-hybrid) composites (F = [K];, G = [G],
H = [C]y) have been fabricated through manual pre-preg lay-up manufacturing techniques. The
flexural strength and modulus, hardness, and Izod impact strength have been evaluated for the
ﬁ:‘?&‘t‘:’; fabricated composites and compared. The results showed that the D-type hybrid composite achieves
the maximum positive hybrid effect as compared to other hybrid composites, possesses a hardness of
59 BHN, a flexural strength of 380 MPa, and modulus of 36 GPa, and impact strength of 80 K]/ m2.

The fracture surfaces of the hybrid composite specimen have been analysed using scanning electron
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and Impact Performance of microscopy, and compared against the properties achieved for enabling correlations. Furthermore,

Kevlar/Carbon/Glass Fibers the cost-efficiency of the hybridization in terms of flexural strength/cost, modulus/cost, and impact
Reinforced Polymer Hybrid strength/cost ratio were evaluated for potential engineering and design applications.
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placed [1,2]. However, due to high material and manufacturing costs, it restricts essentially
for common engineering materials in automotive and railway applications. Nevertheless,
the carbon fibers are inherently brittle, and a minor impact load can cause severe damage to
the structure of the composites [3-5]. Different researchers have adopted various strategies
to overcome the weakness of carbon fiber in structural applications. One of the methods is
toughening the thermosetting matrix by mixing different organic (carbon nanotubes) and
conditions of the Creative Commons _NOrganic nanofillers (Al,O3, SiO,, and TiO,) [6]. The other method is to do hybridization
Attribution (CC BY) license (https:// ~ With ductile fibers such as woven glass fibers [7]. Woven Kevlar fibers can also improve
creativecommons.org/ licenses/by/ the fracture toughness of the hybrid composites [8]. Therefore, the hybridization of ductile
10/). fibers with high-strength carbon fibers may achieve the desired mechanical properties for

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article

distributed under the terms and

J. Compos. Sci. 2022, 6, 245. https:/ /doi.org/10.3390/jcs6090245 https://www.mdpi.com/journal/jcs



8/20/24, 10:21 AM An advanced mean field dislocation density reliant physical model to predict the creep deformation of 304HCu austenitic stainless ...

L .
@%%@» ScienceDirect
)

Materials Today Communications

Volume 32, August 2022, 104128

An advanced mean field dislocation density reliant
physical model to predict the creep deformation of
304HCu austenitic stainless steel

b

1

Pankhuri Mehrotra ¢, Nilesh Kumar ¢, Alphy George °, Kanhu Charan Sahoo °, Vaidyanathan Ganesan
Mohammad Reza Ahmadi ¢, Shivam Trivedi ¢, Surya D. Yadav ¢ & &

Show more v

o Share 99 Cite

https://doi.org/10.1016/j.mtcomm.2022.104128 7
Get rights and content 2

Highlights
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* Theoretical creep curves are validated with experimental curves.
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dislocations, internal stress, effective stress and damage parameters is tracked
and discussed all together thoroughly.
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Multiaxial Creep Deformation and Influence of Different
Precipitates on Creep Cavitation Failure of 304HCu SS
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Influences of multiaxial creep deformation and rupture behavior on 304HCu austenitic stainless steel have
been investigated on carrying out creep rupture test on both smooth and notch specimens at 1023 K over a
wide range of stress (100-200 MPa). Creep rupture strength exhibited an increasing trend with increase in
notch sharpness (that is, notch strengthening effect) leading to a saturation and was associated with
decrease in ductility. At relatively lower stresses, material possesses propensity to notch weakening which
prevails for relatively sharper notches. Fractographic studies revealed that proportion of transgranular
ductile dimple to intergranular creep cavitation is more pronounced for relatively shallow notches and at
lower test temperature. With increase in test temperature and for sharper notches, the proportion of
intergranular creep cavitation to transgranular ductile dimple becomes more prevalent. The influence of
notch on creep rupture life and fracture behavior has been analyzed through different component of
stationary state of stress distribution estimated by Finite Element Analysis (FEA). In addition to the
different state of stress, the presence of different sub-microscopic precipitates (M,3Cg, NbC and Cu) also is
found to play a vital role in creep deformation and fracture behavior. FEA of state of stress and strain
across the precipitates have been assessed to estimate the influence of the precipitation on creep cavity
nucleation at 923, 973 and 1023 K. The creep rupture life and ductility of the material having different
notches have been predicted using different models of representative stress at the skeletal point. Further, a
modified model has been proposed for the prediction of multiaxial ductility for any temperature which is

found suitable for other steels as well.

Keywords AISI 304HCu SS, creep damage, creep life prediction,
FE-analysis of strain distribution, modified ductility

model, multiaxial creep, SEM characterization

1. Introduction

As per the recent announcement of Ministry of Science
and Technology, India, Advanced Ultra Super Critical
(AUSC) power plant has to be established in the upcoming
years for better utilization of fuel to increase the efficiency
thus reducing the CO, emission and decrease in fuel
consumption (Ref 1). The efficiency can be improved on
increasing working temperature, calling for higher temperature
materials with better high temperature creep and corrosion/
oxidation resistances (Ref 2). Austenitic stainless steels have
better creep rupture strength than the ferritic steels and are
preferred for the thin wall boiler tubes at higher application
temperatures (Ref 3, 4). The conventional 18Cr-8Ni stainless
steels have been modified with the additions of 3 wt.% Cu,
niobium, nitrogen and traces of boron to enhance creep
rupture strength and the steel is named as 304HCu SS (Ref 5).
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While Cu precipitates as nano-sized particles (due to low
solubility in the austenite matrix), niobium combining with
nitrogen and carbon forms Nb(C, N) sub-microscopic parti-
cles. Presence of these precipitates homogeneously throughout
the matrix along with little addition of boron controls the
nucleation of creep cavities during the creep process, thus
improving the creep strength at higher temperatures (Ref 5, 6).
The steel is specifically used in the super heater and reheater
of the boiler over a temperature range of 8§73-948 K at about
30 MPa internal pressure (Ref 7).

In general, creep test is carried out on smooth specimen of
material under uniaxial stress. However, there is a necessity to
understand the creep behavior under multiaxial state of stress
arises due to internal pressure in tube and the presence of weld
joint, notch, hole and microstructural change in the specimen
(Ref 8). The presence of these inhomogeneities not only affects
the creep deformation but also the fracture behavior of the
material (Ref 9). The 304HCu steel has been proposed to use in
AUSC boiler tubes where such kind of problem is expected to
arise (Ref 10). To understand the creep deformation behavior
and rupture life of such component, it is necessary to conduct
multiaxial creep test. In laboratory scale, multiaxial creep
deformation and rupture studies are carried out on specimen
having U-notches of different root radius under constant tensile
load (Ref 11). Generally U-notches are preferred over V-
notches as U-notches carry more volume of material below the
notch to facilitate the study of creep cavitation (Ref 8, 11, 12).

The material’s deformation characteristics as well as the
notch profile and applied stress determine the notch strength-
ening or weakening effect (Ref 12). The state of stress
developed across the notch will vary for different materials

Volume 31(10) October 2022—8365
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Laser-welded fully austenitic stainless steel (AISI 316LN) weldments revealed the presence of
micro-fissures. They appeared at the grain boundaries, near the center of the welds. The grain
boundaries, however, did not contain second phase or micro-segregation. The relative presence
of micro-fissures decreased with increasing weld heat input. Spatial locations of the
micro-fissures and their relative presence were associated with local misorientations and, in
particular, with grain reference orientation deviation. Microstructural and microtextural studies
indicated that solidification shrinkage was the origin of the micro-fissures in the laser welds. The
use of sub-size tensile specimens (of 5- and 1-mm gauge length) with digital image correlation
(DIC) related the presence of micro-fissures with mechanical property degradation by the
appearance of strain localizations. This was further confirmed by analytical solutions and finite
element analysis of critical flaw size and critical stress for fracture.

https://doi.org/10.1007/s11661-022-06654-w

© The Minerals, Metals & Materials Society and ASM International 2022

I. INTRODUCTION

AUSTENITIC stainless steels, especially AISI316
and AISI304 grades, find wide applications as engineer-
ing and structural materials. Their fabrication often
involves welding. Though austenitic stainless steel can
be successfully welded, welding defects, especially solid-
ification cracking, often provide serious impediment to
the performance.!'?) The nature and origin of solidifi-
cation cracking has naturally captured extensive applied
and scientific interests. Lundin et al.,”) for example,
reported potential for fissuring in the heat-affected zone
(HAZ) of below 1 pct ferrite containing austenitic
stainless steel fusion welds. This was attributed to the

ARNAB SARKAR, SOUDIP BASU, AMULYA BIHARI
PATTNAIK, BALILA NAGAMANI JAYA, and INDRADEV
SAMAIJDAR are with the Department of Metallurgical Engineering
and Materials Science, Indian Institute of Technology Bombay,
Mumbai, 400076,  Maharashtra, India. Contact e-mail:
indra@iitb.ac.in SHYAMPRASAD KARAGADDE is with the
Department of Mechanical Engineering, Indian Institute of
Technology Bombay, Mumbai, 400076, Maharashtra, India.
HEMANT KUMAR, RAVI KUMAR, R. MYTHILI,
CHANCHAL GHOSH, ARUP DASGUPTA, and SHAJU
ALBERT are with the Metallurgy and Materials Group, Indira
Gandhi Centre for Atomic Research, Kalpakkam 603102, Tamil
Nadu, India.

Manuscript submitted September 6, 2021; accepted March 7, 2022.

Article published online March 26, 2022

2116—VOLUME 53A, JUNE 2022

presence of low melting point compounds of Sulfur (S),
Silicon (Si), Titanium (Ti), and Phosphorus (P) along
the grain boundaries."® As shown by Yu ez al.,/"! even
in laser metal deposition which minimized HAZ, such
compounds might form low melting phase(s) along the
grain boundaries of the weldments. If the content of the
detrimental elements (such as S, P, and Si) were kept
low, hot cracking was not observed!”! even in the
austenitic mode of solidification. The excellent review
by Brooks and Thompson!®! showed the presence of
centerline, transverse, and micro cracks in the welds of
austenitic stainless steel. They attributed such intergran-
ular cracks to the presence of low melting point grain
boundary phases, and associated thermal and shrinkage
stresses arising from the weld cooling.

The transverse and longitudinal shrinkage stresses, in
laser welding, are generally believed to reduce when the
weld mode changes from conduction to the keyhole
mode.”'") This is characterized by considerable evapo-
ration of the liquid melt.!"' '3 The keyhole dynamics are
primarily controlled by various parameters such as
welding speed, heat input, recoil pressure, Marangoni
shear stress, surface tension, ezc..!'"!'?! The significantly
larger cooling rates and thermal gradients, compounded
by the pulsing effects, are known to introduce much
larger columnar grains, which are also prone to develop
misorientations.'¥ However, the instability of the weld
pool, through keyhole oscillation and higher laser

METALLURGICAL AND MATERIALS TRANSACTIONS A
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Abstract: In this work, we present a Big Rip scenario within the framework of the generalized
Brans-Dicke (GBD) theory. In the GBD theory, we consider an evolving BD parameter along with
a self-interacting potential. An anisotropic background is considered to have a more general view
of the cosmic expansion. The GBD theory with a cosmological constant is presented as an effective
cosmic fluid within general relativity which favours a phantom field dominated phase. The model
parameters are constrained so that the model provides reasonable estimates of the Hubble parameter
and other recent observational aspects at the present epoch. The dynamical aspects of the BD
parameter and the BD scalar field have been analysed. It is found that the present model witnesses
a finite time doomsday at a time of tgg =~ 16.14 Gyr, and for this scenario, the model requires a large
negative value of the Brans-Dicke parameter.

Keywords: cosmological constant; generalised Brans-Dicke theory; Big Rip

1. Introduction

Late-time cosmic acceleration is one of the most bizarre and unsolved problems in modern
cosmology. In scalar field cosmological models, the late-time cosmic acceleration issue is
predominantly attributed to an exotic dark energy (DE) form that corresponds to a cosmic
fluid having low energy density, as well as negative pressure. This is usually understood
through a quantity dubbed as the equation of state (EoS) parameter wp = %, where p
represents the DE pressure and p symbolises the dark energy density. The dark energy with
a negative pressure corresponds to a negative EoS parameter. Despite several attempts
made by astronomers and cosmologists, the experimental determination of wp remains
challenging. Its precise estimation at the present epoch along with the knowledge of
its development over a long period may unravel the mystery of the dark energy whose
nature and origin remains speculative so far. In the ACDM model, the cosmological
constant A with wp = 1 plays the role of dark energy. However, in canonical scalar
field models, quintessence fields or phantom fields shoulder the burden for the late-time
cosmic speed-up, while the EoS parameter for the quintessence field lies in the range
—% <wp < —% [1-3], which for the phantom fields, becomes wp < —1 [4]. However, the
EoS parameter as constrained from recent observational data favours a phantom phase
in the Universe with wp < —1 [5], while constraints from the CMB data in the nine-year
WMAP survey suggest that wp = —1.0734_'8:828 [6], a combination of the CMB data with
Supernova data, predicts wp = —1.084 & 0.063 [7]. Other constraints on the EoS parameter
include wp = —1.035f8:8§g from Supernova cosmology project [8], wp = —1.03 £ 0.03
from recent Planck 2018 results [9] and from Pantheon data wp = —1.006 £+ 0.04 [10].
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Superconductivity is a phenomenon in certain materials at
extremely low temperatures, characterized by exactly zero electrical
resistance. It is an important field in the low temperature physics. Study of
anisotropy plays an important role for different superconducting materials.
In view of this, Ginzburg-Landau (GL) theory is an important tool for
understanding the high temperature superconductors.

In this book an attempt has been made to study the anisotropy
arising in copper dopped titanium diselenide superconductor through
Phenomenological GL-theory.
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Abstract: In this paper, we studied the bouncing behavior of the cosmological models formulated in
the background of the Hubble function in the F(R, G) theory of gravity, where R and G, respectively,
denote the Ricci scalar and Gauss—Bonnet invariant. The actions of the bouncing cosmology are
studied with a consideration of the different viable models that can resolve the difficulty of singularity
in standard Big Bang cosmology. Both models show bouncing behavior and satisfy the bouncing
cosmological properties. Models based on dynamical, deceleration, and energy conditions indicate
the accelerating behavior at the late evolution time. The phantom at the bounce epoch is analogous
to quintessence behavior. Finally, we formulate the perturbed evolution equations and investigate
the stability of the two bouncing solutions.

Keywords: F(R, G) gravity; bouncing cosmology; energy conditions; stability analysis

1. Introduction

In recent astrophysics and cosmology research, instances of late-time cosmic accel-
eration supposedly witnessed by cosmological observations have compelled theoretical
cosmologists and astrophysicists to think beyond general relativity (GR) . Cosmological
observations such as those of high redshift supernovae [1], supernovae of type la [2,3],
cosmic microwave background radiations (CMBRs) [4,5], baryon acoustic oscillations [6],
and Planck collaboration [7] are sufficiently indicative of the accelerated expansion of the
universe. Furthermore, the cause has been speculated to be the presence of some exotic
dark energy (DE). The negative pressure indicates the violation of strong energy conditions
as well as a limitation in GR. Accordingly, in the field equations of GR, the modification
is thought to be in the geometrical part or matter part. The matter can be modified by
replacing the dynamical parameters with the DE parameters that lead to the DE models.
The modification in the geometrical part can be performed by including additional terms,
known as geometrically extended gravity models. Some recent geometrical extended gravi-
ties are F(R) gravity [8-10], F(R, T) gravity [11], F(T") gravity [12,13], F(Q, T) gravity [14],
etc. Another such extension is made by including the Gauss—-Bonnet invariant, known as
the F(R, G) gravity [15]. The next section discusses F(R, G) gravity in detail.

The standard model or Big Bang cosmology has been widely accepted as a cosmologi-
cal model and has successfully defended many intriguing universe problems. However,
regarding the issue of late-time cosmic acceleration, GR has difficulties in resolving some
early universe issues such as an initial singularity, flatness, and cosmic horizon. The in-
flationary scenario could resolve the flatness and horizon issues, but not that of initial
singularity. To date, the beginning of the universe before inflation is not known. This is
because of the attractor nature of inflation. When the inflation started, the information on
the initial singularity was lost as the initial spatial curvature was stretched away by the
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In this paper, a cosmological model of the Universe is presented in f(Q, T) gravity and the parameters
are constrained by cosmological data sets. Initially, a generalised form of f(Q,T) model is used as
f(Q,T)=—11Q™—x,T2, where A1, A, and m are model parameters. With some algebraic manipulation,
the Hubble parameter is obtained in terms of redshift. Then, using MCMC analysis, the model parameters
are constrained using the most current Hubble and Pantheon™ data. The model parameters are also
verified through the BAO data set. The model shows an early deceleration transitioning to an accelerating
phase of the Universe. The Om(z) diagnostic indicates a positive slope, favouring the model to be in a
phantom field dominated phase.

© 2023 Elsevier B.V. All rights reserved.

1. Introduction

The late time acceleration (Riess et al., 1998; Perlmutter et al.,
1999; Tegmark et al., 2004; Abazajian et al., 2004; Spergel et al.,
2003; Parkinson et al., 2012) is one of the most significant ac-
complishment in recent research on cosmology and gravitational
physics. This finding compels to go outside the frame to explain
the repulsive nature of gravity on large cosmic scales. It is not
known regarding the source of creation of the repulsive gravity,
however the reason might be the presence of dark energy. The
presence of dark energy, a non-standard component of the Uni-
verse with negative pressure, or a large-scale infra-red modifica-
tion of General Relativity (GR). Dark energy has major share in the
mass-energy budget of the Universe and remains sub-dominant
in prior epochs resulting difficulty in model building. The cur-
rent dynamics of the Universe show the acceleration due to the
dark energy component and the cosmological constant (A) may be
the simplest candidate. This has been originated from early vac-
uum quantum fluctuations. At late time of the cosmic dynamics,
the concordance flat ACDM paradigm has become most success-
ful in explaining the observed phenomena. The equation of state
(EoS) parameter of dark energy mediated through the cosmological

* Corresponding author.
E-mail addresses: agrawalamar61@gmail.com (A.S. Agrawal),
bivu@hyderabad.bits-pilani.ac.in (B. Mishra), tripathy_sunil@rediffmail.com
(S.K. Tripathy).

https://doi.org/10.1016/j.jheap.2023.04.001
2214-4048/© 2023 Elsevier B.V. All rights reserved.

constant enables to distinguish different phases of the cosmologi-
cal models (wpg &~ —1). The other two ideas are the quintessence
and phantom field dominated phases, which can be respectively
identified as, —1 < wpg < 0 and wpg < —1. However, the recent
surveys ruled out the possibility of wpg ~ —1, although wpg could
be a bit less than —1 (Riess et al., 2004; Eisentein et al., 2005;
Astier et al., 2006). Several corrections are suggested to wpg: CMB
observations was limited to wpg = —1.073“:8:8280 by the 9-year
WMAP survey (Hinshaw et al., 2013), wpg = —1.0840 % 0.063 is
suggested by a combination of CMB and Supernova data (Hinshaw
et al., 2013). Kumar and Xu constrained it to wpg = —1.06f8:}§0
based on a combined examination of the data sets of SNLS3, BAO,
Planck, WMAP9, and WiggleZ (Kumar and Xu, 2014). Combining
Planck data with additional astronomical data, including Type Ia
supernovae, Ade et al. (2016) suggested wpg = —1.006 = 0.045.
We shall discuss here some of the recent findings of the cos-
mological models with the observational data sets. Wei and Zhang
(2007a) have used the H(z) data set to capture the key aspects
of ten cosmological models; six of them failed to sustain with the
observational data sets, however the remaining four were compat-
ible with the data sets. Further it has been extended to eleven
interacting dark energy models with varying couplings to the ob-
servable H(z) data (Wei and Zhang, 2007b). However, none of
these models outperforms the simplest ACDM model. Seikel et al.
(2012) have studied novel consistency tests for the ACDM model
and the parameters are expressed explicitly in terms of H(z). Ma-
gana et al. (2014) have investigated five different dark energy
models with variable equations of state as a function of redshift.
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ARTICLE INFO ABSTRACT

Keywords: In this work, we present little rip and pseudo rip scenarios in the framework of the generalised
Generalised Brans-Dicke theory Brans-Dicke (GBD) theory where an evolving BD parameter along with a self-interacting
Lml‘;“P potential is considered. The GBD field equations are derived for an anisotropic space time
Pseudo rip

to provide a more general approach to the cosmic expansion. The evolutionary behaviour of
the Brans-Dicke (BD) scalar field, dynamical Brans-Dicke parameter and the self interacting
potential are studied. It is not possible to separate out the dynamical Brans-Dicke parameter
into distinct evolving and non-evolving part for the rip scenarios as is obtained for constant
deceleration parameter. While the little rip behaviour requires a positive value for the GBD
parameter, a small negative value around —1.33 favours a pseudo rip behaviour.

1. Introduction

The observation of late time cosmic acceleration compels to think of a non-standard cosmic fluid with negative pressure.
An obvious incorporation of such exotic fluid into the field equations may cause a situation where the Universe enters into the
quintessence or phantom phase in future [1]. The phantom phase dominated Universe requires the null energy condition and the
strong energy condition to be violated. It may so happen that, the scenario leads to a kind of singularity in the Universe occurring
at a finite time. A serious singularity situation is the Big Rip singularity where the curvature of the space time blows up at finite
time along with the divergence of the scale factor and the energy density. Different singularities may occur depending upon the
model and equation of state. Notable among them are the Big Rip singularity and the Sudden singularity [2]. Besides them two
other singularities occur where either the density and pressure blow up for a finite scale factor or the onset of a situation involving
the diverging behaviour of the Hubble parameter. The singularity occurring in the models dissolves the whole bound cosmic system
within a finite time. The finite time future singularity leads to inconsistency [3-6] and has become the subject of major research
concern. In order to avoid such situation, ad hoc and intermediate mechanisms such as the little rip and the pseudo rip scenarios have
been developed [4,5]. In the little rip scenario, there occurs a monotonic increase of the energy density with the cosmic expansion
which diverges while being pushed into a distant infinite future. On the other hand, the pseudo rip occurs as an intermediate
situation in between the Big Rip and the little rip. Other possible mechanisms to delay the ripping behaviour include the dark
energy—dark matter coupling and a possible gravity modification [5,7].

The concern of the ultimate fate of the Universe led to wide investigation of the rip cosmological models in different gravity
theories such as in GR [8,9], in f(R) gravity [10], f(T) gravity [11], extended gravity theory [6], extended symmetric teleparallel
gravity [12] and in BD theory [13]. In the usual BD theory proposed initially, the BD parameter appears as a constant and can be
constrained from observations including solar tests. A lot of controversy arise regarding its constrained value which varies from a
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Abstract: We studied a superbounce scenario in a set up of the Brans—-Dicke (BD) theory. The BD
parameter was considered to be time-dependent and was assumed to evolve with the Brans-Dicke
scalar field. In the superbounce scenario, the model bounced at an epoch corresponding to a Big
Crunch provided the ekpyrotic phase continued until that time. Within the given superbounce
scenario, we investigated the evolution of the BD parameter for different equations of state. We chose
an axially symmetric metric that has an axial symmetry along the x-axis. The metric was assumed to
incorporate an anisotropic expansion effect. The effect of asymmetric expansion and the anisotropic
parameter on the evolving and non-evolving parts of the BD parameter was investigated.

Keywords: generalized Brans-Dicke theory; superbounce scenario; BD parameter

1. Introduction

The standard cosmological model is quite successful in describing the evolution
of the Universe at different phases of time. The standard cosmology provides useful
information at the early evolutionary epochs in particular. However, it suffers from issues
such as the flatness, horizon, and initial singularity problems. The inflationary model,
described through a scalar field, solved some of these problems, including the flatness and
cosmological horizon problems, and provided a causal theory of structure formation [1,2].
However, the long-standing issue of initial singularity remains unsolved.

In modern cosmology, there remains a fundamental question: whether our Universe
had a beginning, perhaps in the form of an initial singularity leading to a breakdown of
the space-time description, or whether the presently expanding phase of the Universe was
preceded by a contraction phase. This may also be conceived of as the Universe undergoing
phases of alternate contraction and expansion, suggesting a cyclic cosmology. The proposal
of matter bounce scenarios came as a possible solution to the initial singularity issue [3-5].
Novello and Perez Bergliaffa emphasized the significance of a singularity-free Universe [6].
As possible alternatives to the standard cosmology, Battefeld et al. discussed some bouncing
cosmological models [7]. The consequences of initial singularity issues and matter bounce
scenarios as possible explanations were reviewed in [8,9]. Within the purview of scalar
field cosmology, the Universe starts to contract with an increase in the kinetic energy of the
scalar field. As it dominates, the Universe collapses, leading to a classical singular event.
This situation may be avoided if an expansion occurs prior to the sudden collapse. This is
what is assumed in a bouncing scenario, wherein the Universe undergoes a contraction
phase primarily dominated by its matter content, followed by a non-singular bounce.

In a flat Universe, the cosmic matter content needs to violate the null energy condition
(NEC) in order to experience a bouncing phase. In other words, the sum of pressure p
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Abstract—We investigate some bouncing cosmological models in an isotropic and homogeneous space-
time with in F(R) theory of gravity. Two functional forms of F(R) have are studied with a bouncing
scale factor. The dynamical parameters are derived and analyzed along with cosmographic parameters.
A violation of sthe trong energy conditions in both bouncing models is also shown. We show that both
models exhibit stable behavior with respect to cosmic time.
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1. INTRODUCTION

The initial singularity is an important issue that
General Relativity (GR) has encountered among
other issues during the early Universe. Friedmann [1,
2] claimed that the occurrence of an initial singularity
was at the beginning of the evolution of Universe. It
is believed that a singularity occurred before inflation,
because the inflationary scenario resolved certain
key issues of early Universe [3—5]. One possible
solution might be that the Universe did not attained
a singularity during contraction, but expanded after
experiencing a bounce. This concept is known as
the big bounce. Recent discoveries [6—12] have
revealed that our Universe is undergoing a late-
time accelerated expansion, which is explained by
dark energy (DE), time-independent vacuum energy
(according to the ACDM model). The cosmological
constant [13], scalar fields (including quintessence,
phantom, quintom, tachyon, and others)[14—19] and
holographic models [20] are possibilities for describ-
ing DE scenarios. Modified gravity theories have
advantages over other models since they avoid expen-
sive numerical computations and are consistent with
current data for a late phase accelerating Universe
and DE. So models with such theories are designed
to modify the standard nature of GR by replacing

“E-mail: agrawalamar61@gmail.com
“E-mail: sachidanandamishral1998@gmail.com
***E—mail: tripathy_sunil@rediffmail.com
T E-mail: bivu@hyderabad.bits-pilani.ac.
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the Ricci scalar R in Einstein-Hilbert action with,
e.g., f(R). Several such modified theories of gravity
have been developed, such as f(R) gravity [21—29],
f(G) gravity [30], f(T) gravity [31, 32] and f(R,T)
gravity [33—43], teleparallel gravity [44, 45], where
T denotes the torsion scalar, and G is the Gauss-
Bonnet invariant. Some other important work on
modified theories of gravity [46—49] are available
in the literature. The most recent f(Q) gravity
or symmetric teleparallel gravity [50] and f(Q,T)
[51] gravity have been proposed, where @ and T,
respectively, mean the non-metricity and the trace
of the energy momentum tensor.

The inflationary scenario has been challenged, and
the matter bounce scenario has been presented as a
possible alternative to address the initial singularity
issue. The Universe goes through an initial mat-
ter dominated contraction phase, then a nonsingular
bounce, and finally a causal generation for fluctuation
in the bouncing scenario. For this, the bouncing sce-
nario is a typical example, and the null energy condi-
tion (NEC) has to be violated to realize a solution in a
spatially flat FLRW metric in GR. The matter bounce
scenario has gained a lot of attention among nu-
merous bouncing models proposed because it creates
a scale-invariant power spectrum. Additionally, the
Universe passes through a matter-dominated epoch
at late times in a matter bounce scenario. Alternative
gravity theories like f(R) gravity [52—55], f(G) grav-
ity [56, 57], f(R,T) gravity [58—62], f(Q,T') gravity
[63], f(T) gravity [64], f(Q) gravity [65] and f(R, G)
gravity [66] have all successfully studied bouncing

293



Corpus ID: 249388652 & Share

Big Rip Scenario in Brans-Dicke Theory

S. Pradhan, S. K. Tripathy, +2 authors M. Bhuyan + Published 2022 - Physics

2 Citations

In this work, we present a Big Rip scenario within the framework of the generalized Brans-Dicke Nl
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