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ABSTRACT ID : BBTNO1 

Studies on Biological Soil crusts and their role in soil Stabilization and control of/ 

18th Annual Session of Chemical Engineering Students CongresS 
23rd and 24th September 2022 

Abstract 

Abin L Vinod1, Aswathy P Chandran1, Manya Madhu Bl, Navecn Antonyl, Biju Jacob, 
Gayathri V*, KB Radhakrishnan 

Department of Biotechnology and Biochemical Engineering, Sree Chitra Thirunal College of 
Engineering, Trivandrum, Kerala, India - 695018. 

percentage carbon (%ge) 
10 

Biological soil erusts (BSC) form a living skin at the soil surface. These crusts play an 
important role in preventing soil erosion by wind and rain. Bacteria and Cyanobacteria are 
known as ecosystem enginecrs and they construct these BSCs. They bind soil microstructure 

through exopolysaccharides and create soil macro structure. These crusts improve soil stability, 
soil aggregation, porosity, fertility etc. In this study we use Biocrust forming microbes 
particularly bacteria Bacillus subtilis and cyanobacteria Aphanocapsa to form 
exopolysaccharides which connects the soil particles together and also to increase soil stability. 
After 10 days, inoculation of cyanobacteria and bacteria increased both TOC and SOM of soil, 
compared to the control conditions. The amount of carbon and organic matter falls during the 
first 10 days. It is due to the difficulty of microbes to cope with the new environment and the 
deficiency of nutrients. After l0 days, when provided with appropriate nutrients; the TOC and 
SOM increased significantly. The extracellular polymeric components of cyanobacteria serve 
as a significant source of organic carbon in this regard. The study's findings showed that a 
rapid increase in soil nitrogen and carbon content might be achieved by artificially expanding 
the population of soil microorganisms that fix nitrogen and carbon. 
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Figure 1 (a) shows time-dependent changes in TOC (b) shows the amount of soil eroded during 

control study. 

Keywords: Rainfall-induced soil loss, biological soil crusts, soil aggregation, bacteria, 
cyanobacteria 
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ABSTRACT: BBDNO1 

18th Annual Session of Chemical Engineering Students Congress 
23rd and 24th September 2022 

Studies on Produetion of Self-Healing Conerete using Immobilized Spores of Bacillus 

Abstract 

Anupama Ss', V Reshmi', Anslet Mary', Abhinay Anil', 

Department of Biotechnology and Biochemical Engineering, Sree Chitra Thirunal College of 
Engineering, Trivandrum, Kerala 

*Corresponding Author Email ID: bijujacob@sctce.ac.in 

cohnii 

Bio-concrcte is recciving pcrccptible hced in the construction scctor for its long-lasting and 
expeditious crack healing potential with much significance to sustainability, which is 
inevitable. However, the self-healing construction materials are expensive and hence face the 
current limitation for the commercialization of bio concrete. In this study, we aim to 

demonstrate the potential of bio concrete to self-heal its cracks using a heterotrophic bacterium, 
Bacillus cohni. The MICP study was conducted to determine the rate of calcite precipitated in 
different pH ranges. The concentration of calcium ion present in the samp!e is found by 
complexometric titration method and the result showed a linear relationship between the 
volume of EDTA with calcium ion concentration. The experimental values reveal that pH in 
the alkaline range (10-12) is favourable for the growth and calcite precipitation, which also 

ensures that the spore suspension uscd is capable of precipitating at this pH, resulting in the 
self healing process. 
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Figure I: Conc of calcium vs time graph at different pH ranges 

Keywords: Bio concrete, Self healing, Microbially Induced Caleite Precipitation, Bacillus 
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YRAO1: Design and synthesis of Mangiferin (MGEYChitosan (CS)nanoparticles 
(NPs) (MCN) as an oral delivery supplement and its efficacy against oxidative stress 

induced cancet 

Department of Biotechnology and Biochemical Engineering, Sree Chitra Thirunal College of Engineering/ 

Thiruvananthapuram, Kerala, India 

Rohini Samadarsi 

Sree Chitra Thirunal 

Email: rohinisamadarsh(@gmail.com 

Oxidative stress is involved in diseases such as cardiovascular diseases, chronic obstructive 

pulmonary disease, chronic kidney disease, neurodegenerative diseases, and cancer. 
Antioxidant therapy could be used to prevent oxidative stress-induced damages in cell. A 

present study was done to evaluate the efficacy of Mangiferin (MGF)/Chitosan (CS) 

nanoparticles (NPs) (MCNs) against the oxidative stress-induced damages leading to 

cancer. MGF is an antioxidant polyphenol with numerous therapeutic properties. MCN was 
developed by ionic gelation method to improve the solubility and bioavailability of MGE. 
Free radical scavenging assays showed that the NPs had significant free radical scavenging 
activity in the cell-free system. To investigate the attenuative role of MGF-CSNPs against 
induced oxidative stress by chemicals, on normal kidney epithelial (NKE) cells 
nephropathic system was developed. Pre-treatment with the NPs prevented the induction 
of cytotoxicity induced by NaF and maintained the level of intracellular antioxidant 

enzyme level in the cells. NPs also inhibited lipid peroxidation and protein oxidation, thus 
retarding the formation of free radicals. MCNs also had pronounced cytotoxic effects 

against colorectal cancer (HT 29), cervical cancer (HeLa) and breast cancer (MCF 7) cell 
lines. The study could establish that the MCNs might be a promising candidate for oral 

delivery. MCNs can be used in food and pharmaceutical industries as a therapeutic agent 
to prevent oxidative stress-induced health disorders and cancer 

Keywords: Oxidative stress; Antioxidants; MGFDAPS@ypicity 

College of Engineering 
Trivandrum -I8 IHIRUVAMAN HAPIRAM 

GINtE*IN 

l6th International Cancer Symposium on Translational Chemoprevention and Brainstorming 



18th Annual Session of Chemical Engineering Students Congress 
23rd and 24th September 2022 

Abstract ID: WTHNO1 

Numerical Simulation of Hydrogen Storage In Porous Medium With Silicon Carbide 

And Magnesium Hydride Pair 

Anamika P, Bhagya Lekshmi Jagadeesan!, Catherin Ann Biji', Reshma M Pillai' 

Abstract 

Susmitha Kumari S, Mohan G, K. B. Radhakrishnan 

Department of Biotechnology and Biochemical Engineering, Sree Chitra Thirunal College of 

Engineering ,Trivandrum, Kerala, India, 6950187 

Metal hydrides (MH,) are the most technologically relevant class of hydrogen storage 

materials. Magnesium hydride (MgHT) is considered as an attractive candidate throughout the 

world for solid state hydrogen storage. However its application is limited due to high 

decomposition temperature and poor kinetics. It is found that small amount of silicon carbide 

(Sic) added can actually improve the hydrogen adsorption-desorption kinetics and there by 

storage capacity. This project outlines the effect of addition of SiC structure on hydrogen 

storage properties of MgH2. A simulation study is carried out on two- dimensional geometry 

of MgH2-SiC composite using COMSOL Multiphysics software. A highly porous 2-D foam of 

SiC is developed which is imported to the software. The heat transfer and mass transfer kinetics 

of H2 adsorption-desorption in this developed system of MgH-SiC composite is studied for a 

range of temperature and porosity values. 

Keyword: Magnesium hydride, Silicon carbide, Hydrogen storage, Simulation 
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Comparison of Experimcntal and Opcrational Modal Analysis
on a Flexibte Silicone Tube Conveying Fluid

R Kamal Krishnal , Jayaraj Kochupillai2, M Unnikrishnan3
tResearch Scholar, Advanced Dynamics and Control Lab, College ofEngineering,

Trivandrum, India
2 Principal, Mqr Baselios Christian College of Engineering and Technologt, Idukki, Kerala, India

3Associate Professor of Mechanical Engineering, College of Engineerirrg, Trivandrum, Kerqla.
* Email: kamal@sclce.ac.in

Abstract: The flexible tubes are light in weight, corrosion-resistant and chemically inert

to fluids. Also, as it offers low bending stiffness compared to the axial tensile stiffness, it
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quarter model is simulated. The numerical simulations suggest that the decreasing area

profiles, referred to as the convergent foams, exhibit a double-shock mode and the foams

with an increasing area-profile, referred to as the divergent foams, exhibit a single-shock
mode. The theoretical predictions of both the double-shock and the single-shock cases

are validated against the finite element simulations. An expression for the plastic energy

dissipated by convergent foams has been derived, and we observe that the convergent

foams dissipate less energy than the divergent foams. The plastic energy dissipated is not

affected significantly by the gradient for the divergentfoams, whereas for the convergent

foams, it increases with the area-gradient as shown in Fig. 2

Keywords: Area-gradedfoams, stationarv impact, double-shock, energy absorption
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Abstract

Hydrogen is considered as the potential energy carrier of future automobiles. However safety and low
charging rates are some of the major challenges to be addressed. Compared to high pressure storage,
solid state storage in metal/complex hydrides offers several advantages. Heat transfer is the major
limiting factor affecting hydrogen sorption in metal hydride storage devices. Different heat transfer
enhancement methods are reported in literature. However most such studies do not propose a weight
optimized design for the given capacity and charging rate. The proposed constructal design of the
storage device with multiple heat exchanger tubes integrated with ribbed honeycomb can effectively
transport solption heat to the coolant in the most effective manner analogous to bio transport systems.
The numerical study on the parametric influence of the proposed device on sorption performance is
conducted in COMSOL Multiphysics.

Keywords: Complex hydride, Heat and mass transfer, Constructal design, Simulation, Hydrogen

storage

1. Introduction/Background

Sodium alanate is one of the promising materials for the storage of hydrogen which offers high
gravimetric capacity. The sorption kinetics of alanates can be irnproved by mechanical grinding and
chemical doping of alloys. Sodium alanate so modified are capable of reversible storage of hydrogen
upto 3.0 wt. %o at 80-140"C and about 4.5-5 wt. o/o when operated at temperatures around 150-180'C.

Even though, complex hydrides offer the benefit of high gravimetric storage capacity, their low
effective thermal conductivity and high sorption heat are major shortcomings. Different methods to
improve thermal conductivity of metal hydrides such as inserts, foams, wires and compacts [ ] can be

employed to complex hydrides with suitable rnodifications. However such studies are rarely reported.
Hardy and Anton [2, 3] have proposed models to study the sorption performance of shell and tube

type hydrogen storage device (with and without fins) containing TiCl: catalyzed NaAlHa. The

charging rate of finned storage device was found to be better than that without fins due to enhanced

heat transfer. Raju and Kumar [4] studied the perlbrmance of hydrogen storage device with internal

tubes and fins to meet the drive cycle demand of fuel cell for different operating conditions.

Maha Bhouri et al. [5] studied the heat and mass transfer of rnulti-tubular sodium alanate based finned

reactor. They found that the charging of the system can be irnproved if with hexagonal

cross-section were employed. The parametric study by the same supcrior

hydrogenation perfonnance of sodium alanate based multi
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ABSTRACT
In solid sorption based storage systems, metal hydrides

assumed a prorninent role with advantages like compactness,
safety and zero maintenance. However, their performance is

affected by non-favourable material characteristics such as low
thermal conductivity, powdering and densification during
hydrogen sorption. Sorption perforutance of metal hydride
based devices depends on heat transfer as the major rate

controlling factor. During hydrogenation-dehydrogenation
cycles, the rnorphology of the bed changes drastically due to
powdering of the particles and its consequent settling and

densification at the bottorn of the container. Even thouglt
several studies were reported on the heat and mass transfer of
metal hydride beds, the studies on the effects of bed
morphology on its performance is less. In the present study,
effect of this on the sorption performance of the bed is studied.
Discrete element method is used to capture the particle
mechanics of storage bed during charge discharge cycles. The
consequent effect ofthis on the sorption perfonnance ofthe bed

is simulated using COMSOL Multiphysicso.

Keywords: Metal hydride. Simulation, Heat and mass transfer,
LaNis, Discrete elernent method.

1. INTRODUCTION
Several metals, alloys and intennetallic compounds react
reversibty with hydrogen at suitable temperatures and pressures

to form metal hydrides. As hydrogen storage media, they offer
high volumetric storage capacity, favourable sorption kinetics,
good cyclic stability and safety. Metal hydride based hydrogen
storage is a promising altemative to competing storage
technologies in terms of energy and volume requirements. The
optimized design of these storage devices is important for their
possible deployrnent in rnobile applications. Heat transfer is the
major factor that controls hydrogen sorption in these devices.

Other issues include lattice expansion of the alloy particles
eventually leading to fragmentation into fines and subsequent

settling at the bottom of the container. This can lead to stress

concentration in those regions and eventual failure ofthe device

upon charge-discharge cycles. The resultant structure and

porosity ofthe bed can also affect hydrogenation perforrnance

ofthe device.

The hydrogenation perfonnance of the storage device is
affected by geometric parameters such as the bed thickness and

operating parameters such as hydrogen supply pressure and

coolant temperature. Heat transfer is the rnajor rate controlling
factor.

2. LITERATURE REVIEW AND OBJECTIVE
Gravimetric storage capacity and charging rates are important
considerations in the thennal design of solid state hydrogen
storage devices and effective solutions to these issues are
required for the realization of hydrogen economy (Srinivasa
Murthy []).Several studies were conducted on the numerical
sirnulation of heat and mass transfer of metal hydride bed. Most
such studies used effective properties for the modelling and
simulation the alloy bed. However mechanical characteristics
of the alloy bed and the associated porosity variations are not
aptly represented in these models.

Okumura et al. [2] showed that the porosity of the metal
hydride bed is reduced at the bottorn due to the settling of
pulverized metal hydride particles. Charlas et al. [3, 4] studied
the real time measurements of change in volume of hydride bed
in relation to swelling and shrinkage of hydride. The cyclic
change of gradual settlement, porosity and global reduction in
porosity was also studied. Lin and Chen [5] studied the decrease

in particle size with progressive cycles of
hydriding/dehydriding. Hu et al. t6l modeled a cyclic
compression effect in clustering of hydride powders towards
the reactor bottom. Saito et al. [7] studied the relation between
volume expansion and hydriding/dehydriding reactions and
associated agglorneration of fine particles at the bottom of the
containcr.

New rnodeling and simulation rnethods needs to be developed
to address the effects of pulverization, settling and
agglomeration of the hydride bed on heat transfer and sorption
performance of the storage device. The present study deals with
the application of discrete element rnethod to model the hydride
bed on a pore scale. The heat and mass transfer performance of
these pore scale models were studied using COMSOL
Multiphysicso [8] commercial code. Effect of porosity
variations in the alloy bed upon charge-discharge cycling on the
hydrogenation perfonnance ofthe device is studied.

3. MODEL AND METHODOLOGY
A schematic ofvertically placed hydrogen storage containcr

with filter tube at its center and outer cooling jacket is shown in
Fig l. The device is filled with alloy particles (LaNi5) to the
given height. Hydrogen inducted at the given supply pressure
to the container is distributed through the centrally located filtcr
tube. Filter tube is provided throughout the lenglh of the

container to avoid pressure variation in the bed. Sorption heat

libcrated during hydrogenation is transferred to thc coolant
circulated through the acket. As heat transfer at thc outer
boundary ofthe than the rest of the bcd,
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ABSTRACT
Metal hydride based sorption heat pump is witnessing an
increased acceptance due to its envirorunent friendliness and
energy efficiency. These systems provide a wide operating
temperature range and use low grade thermal energy to
produce high quality thermal energy and cooling outputs.
Further, these systems contain no moving parts, have a
compact structure and offer noise free operation. Heat transfer
effectiveness and kinetics are the major challenges to be
addressed in these devices. Even though several studies were
reported on the thennal performance of metal hydride based
reaction beds, only a few deals with the hydrogen transport
during their operation. In the present study, a transient heat
and mass transfer model for the coupled beds with LaNis -
LaNi.r uAlo I alloy pair has been developed. The numerical
simulations were carried out using COMSOL Multiphysicss
commercial code. The influence of refrigeration and
regeneration temperatures on the hydrogen transport between
the two beds and its influence on the sorption performance has
been studied.

Keywords: Metal Hydride, LaNis, LaNi.rzAlo:, Hydrogen,
Simulation

l.INTRODUCTION
With the world heavily impacted by the effects of climate
change there is an urgent need to switch over to cleaner
sources of energy to meet the growing energy demand.
Hydrogen is a potential zero-ernission secondary energy
carrier. The use of which can reduce the usage of fossil fuels
for transportation, heating and cooling applications. Therefore,
the possibility of an increased use of hydrogen in the near
future is high.

Storage ofhydrogen in metal hydrides has several advantages

over compressed and liquefied forms of hydrogen storage. The

metal hydride systems also have a good potential for heating

and cooling applications. Metal hydride-based soqption heat

pump is witnessing an increased acceptance due to its

environment friendliness and energy efficiency. These systems

use low grade themral energy to produce high quality thermal

energy and cooling outputs.

The performance of the metal hydride-based heat pump

mainly depends upon the selection of the alloy pairs for the

required operating conditions. The metal hydride pair of LaNi5

and LaNia zAlo: offers advantages such as easy activation at

moderate temperatures and pressures, desorption of hydrogen
at a temperature less than l00C and satisfactory absorption or
desorption kinetics. Pressure difference is the major sorption
rate controlling factor in these devices.

2. LITERATURE REVIEW AND OBJECTIVE
Nishizaki et al [], proposed a model for the analysis of a
rnetal hydride based chemical heat pump consisting LaNis and
LaNiazAlo:. They introduced the concept of sensible heat
exchange between the reactors containing the sarne rnetal
hydride for improving the COP of the system. The working
pairs reported favourable outputs. Performance analysis of a
single stage metal hydride-based heat transformer, operating at
temperatures of 423K,383K and 303K, using the same alloy
pair was carried out by Muthukumar et al [2]. They found that
for the bed having thennal conductivity of 4W/rnK, the cycle
time can be decreased by 30% by reducing the bed thickness.
Effect of operating temperature on the COP of system were
also reported. Later, Muthukumar and Satheesh [3] studied the
opcrating feasibility of a crossed van't Hoff single stage metal
hydride heat pump working with two different hydride alloy
pairs and presented the optimurn operating temperatures. They
reported that crossed van't Hoff systems yielded 60Yo higher
COP than conventional single stage systems.

Sharma et al [4], conducted studies on La based intermetallic
hydrides to determine their suitability in metal hydride based
cooling systems. A rnajor finding of the study was the effect
of the metal hydride bed composition on the driving potential
and hydrogen transfer rate during cooling and regeneration.
Mohan et al [5] analysed the perfonnance of a metal hydride
based simultaneous cooling and heat transfonnation systern.
They also studied the variation in pressure during hydrogen
transfer process between the metal hydride beds. Murthy et al

[6] conducted a study on thermodynamic compatibiliry criteria
for the selection of metal hydride pairs for the application in
coupled metal hydride based thermal energy storage systcms.
The sirnulations were done using COMSOL 5.4, using alloy
pair of Mg2Ni and LaNis. They reported that the pressure
variation in beds were consistent in the three cycles studied
during charging and discharging processes at an energy
storage efficiency of 89.4%o.

Gopaland Murthy [7] conducted a stud'y on the hydriding and

dehydriding
dimensional
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Abstact- Hybrid nanofluids, compared to mono-
nanofluids, are a new class of heat transfer fluids that provide
more control over the characteristics of the base fluid. In this
study, an experimental investigation has been conducted on the
effect of ultrasonication on the thermal conductivity and
viscosity of the Therminol 55 (TH55) oil-based hybrid
nanofluid containing alumina nanoparticles (AlzOr) and
graphene nanoplatelets (GNP). The oleic acid stabilized TII55-
AbOr(1.0%)/GNP(0.075%) hybrid nanofluid has been
prepared using the two-step method. The optimum bath
ultrasonication duration has been determined by measuring
thermal conductivity and viscosit"v as a function of
ultrasonication time. The thermal conductivit"v of the hybrid
nanofluid increases with temperature, reaching 15.52o/o at
65oC when compared to the basc fluid, while purc TII55 oil
exhibits a decreasing trend in contradiction. Thc incrcase in
temperature resulted in the dynamic viscosity of the hybrid
nanofluid decreasing by 84.5oh, while the viscosity increased
with the nanoparticle dispcrsion into the base fluid. Higher
thermal conductivity with a promising particle dispersion
stability has been obtained at three hours of ultrasonication
duration with a 4000 Hz sonication frequency. Therminol 55

based hybrid nanofluids could be a potential candidate for
medium temperature heat transfer applications based on the

desirable propcrties over mono-nanofluids and conventional
rvorking fluids.

Keywords- Nanofluid, heat transfer fluid, ultrasonication,
thermal conductivity, viscosity Introduction (Ileading I)

I Introduction

The fast groMh of nanotechnology has opened up a new

way for typical heat transfer fluids (HTF) to develop

nanofluids, which can significantly enhance the perfomtance

of thermal systems. As a result, there is a lot of research

going on in this sector to irnprove the thermophysical

propirties of the HTFs. Among the various conventional

UTFs used in medium temperature solar thermal collectors

and process industries, Thenninol 55 (TH55) is one of the

mosipopular tl]. TH55 possesses a low freezing point and a-

high boiiing point with a tnaximutn operating ternperature of
:O-S'C and ilow pouring point [2]. The rnain limitation of
TH55 oil is its poor thermal conductivity' The addition of
nanoparticles in fgSS oil can change its properties [2-4]'

Nanoparticles play a vital role in this scenario. Dispersion
of nanoparticles having a size less than l00nm in the
conventional HTF imparts significant enhancement in the
perforrnance of heat exchangers [5]. Alumina (AlzOl) is a
high potential nanomaterial among the many choices for
nanofluids. They are relatively cheap and more chemically
stable than some metal particles. Furthermore, AlzOl is
regarded as a promising nanoparticle for heat transfer
applications due to its excellent thermophysical
characteristics compared to other metal oxide nanoparticles.
The thermal conductivity of AlzOl at ambient temperature is
about 36 W/m.K [6], which is more than 60 times that of
water [7]. Heris et al. [8] carried out studies with AlzOr and
CuO nanofluids, confirming that the heat transfer
improvement of the base fluid with the addition of AlzOi is
more than the addition of CuO nanoparticles.

Likewise, many investigators have experimentally
evaluated carbon derivatives such as nanotubes [9,10], GO

[11,12], and graphene platelets (GNP) [3,14]. GNPs have
an outstanding thermal conductiviry of around 5000 Wm-'K-'
[5,16], higher than the thermal conductivity of carbon
nanotubes. Further, since GNP is a 2D material, the heat
transfcr properties are distinct from the 0-dirnensional
nanoparticles and l-dimensional carbon nanotube. Various
researchers' findings suggested that GNP could be a

prornising candidate for thermal energy conversion
applications [17].

The thermophysical properties of a nanofluid are

determined mainly by the key step, synthesis. Nanofluids can

be synthesized either by the one-step or two-step process.

The one-step technique uses wet chemistry procedures

including plasrna arc, spraying or sputtering, laser ablation,
or electric ablation [5] and the fabrication and dispersion of
the nanoparticles in the base fluid is carried out concurrently'
The two-step approach requires two distinct procedures:

fabrication followed by dispersion using various stabilizing
methods. Even though the dispersion stability of
nanoparticles
the process is
use two-step
production
propefiles ,l

tr"n'fjji;;i1;*

Most researchers
more effortless

nanofluid is superior,in one-step
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Applications of N anobiotechnology in the food sector and future innovations 

Basim Mohammed Parapathil 1, Aneena Sharaf1, Devika Pradeep 1, Merrin Sarah James 1, Devanarayan 
Nair1, Rohini Samadarsi17 

1*Department of Biotechnology and Biochemical Engineering, Sree Chitra Thirunal College of Engineering, 
Thiruvananthapuram, Kera/a, India' 

basiml JOO@gmail.com, rohini@sctce.ac.in, rohinisamadarsh@gmail.com, 

Nanotechnology includes the fabrication of nanoscale materials and/or engineering of the 

functional system at the molecular level. Research findings have shown the competence of 

nanotechnology in various sectors including food, pharma, and medicine. Nanobiotechnology in 

the food sector is considered to be far superior to conventional technologies, owing to their 
enhanced food quality, where nanostructures are used for pathogen detection by nanosensors and 

nano traces, nanoencapsulation, target, and control delivery, food processing, food preservation, 

nano fertilizers, nano additives, nutraceuticals production, and intelligent packaging. The 
solubility and bioavailability of many bioactive components such as mangiferin, curcumin, 

resveratrol were enhanced by nano-based delivery systems, with a plethora of applications in the 
food, pharmaceutical, and nutraceutical industries. Nanoemulsion of eugenol oil using gum Arabic 

and lecithin as a food-grade natural emulsifier showed excellent re-dispersibility in water and 

maintained their physicochemical properties after rehydration. Hence this is one of the pioneering 

developments in the food industry. The application of nanosensors in smart food packaging for 
monitoring the quality of the stored foods is also discussed. Safety assessment and regulation 
policies need to be followed before marketing nanoproducts to control health-related risks. Novel 
innovations of nanobiotechnology in the food sector can be achieved by further innovations in 

nanostructures and by developing methods to achieve controlled inter.actions at the molecular 
level. This review highlights the functionality and applicability of nanobiotechnology in the food 

industry and their safety assessment. 

Keywords: Bioactive components, Food Nanotechnology, Nanoencapsulation nanosensors 
Nanostructures, nano~mulsions Safety issues 
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Abstnact: Cctvictd c;inccr is known a.c;a MmOUS l'hdUS"ancy that affcct,i.wom~ c:tm con
siderably threaten their health. A wido nmgc of molcculnt tnCQ'hamsms and '!Jcnctic mod-. 
ifitations have bct:lli involved in cervical cancer pathogen~is maJcing it dHf~lt ~ de
wlt,p eff~(ivt, lhenip~utic plutformis. He"e¢-. ~di~o\iery and d~)'~JoPfllett~otn,.~tb~
ap:utic approaches are required. Nutra~udcals rmm inedicbud ·p1anu could potentialfy 
be uted alone or in con1bina1ion with. other mwicmts in. the treauntnt of varibus_~eis 
.such as cervical ca.ncet. An1ong varlol1$ nutraceuticalt, quercetin tw ~owe great anti
cancer, antioxidant u.nd anti-inflammatory properties. ln-silico analy1is bu revealed that 
quercetin po~ u cytotoxic impuct on cervical cnncer cells. Diverse types ot cervical 
cancer responsible proteins were aonlyzc:d under Autodock vino software tools such as 
PTEN, NKCR. BRC"f7 nnd BRCT8, Chckl, BRC~ RndSID, BRCAI, HSP27. and 
HSP70 . .Proteins study revealed the maximum anti-cancer effects on cemcaL,~. 
Qucn:etin's roles in ccr:vi~ad can~er trcauncnl were anD9tatcd cntploying systems biology 
with sll'Qng cvidenc;:c. ~ deJailed.study an4 f nvc;stigaJfon of pathways associated with ~er-
vicnt c~cer rcv~tcd several tart,ets who-se cfystaf structure can be used fot'moJeqular 
docking against Qucrcctin. Molecular docking via: Auto(iocVina revealed that the hiJ\ding 
energies or compounds a~inted wirh the p53 pnthwuy show-ed great affinity towards 
Quercetin, the best candidate among them being DHODH protein, thefohibition of which 
helps in lhc activation of twnor su1,prcssor protein in the p53 pathway. This study l'C'\TCa)S 

the use of quercetin in pha.nnaceutical and nutraceutical industries 10 combat cervical 
cancer. 
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Nnno-nutrm:.cutlc1I lor1uulntion1 for lhc delivery or antiviral drugs: a 
promisin~ soh1Uon for the lrcahncnt of viral Infections • • 
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Email: rohfnlsm,uult1r,vl,.@f~gmg;J.cmn ( SR£E·239 I 
Ab'strae1:-G1obal pandemics arc serious threats to hW11an life. While well•estabHshed and 
chnracteriicd viruses sucb as The humrui immunodeficiency virus (lll V) and Hepatitis 
are still killing millions or _peopJe, the emerging viru.~ are also problematic and have 
~used several scriou1'·outhrcaks in recent ycacs, such as the Sc\--crc Acute Respiratory 
Syndromc-Coronavirus(SARS-CoV) in 2002-2003, Swineinfluen7.a A (t-llNI} in 2009, 
ond 'Ebola JJacmonhBgic fever outbreak in 2014 which he1.1 caused lhousnnds of deaths 
worldwide. The widespreod problem of a 2019-novcl ooronavirus (SARS-Co V-?.) strain 
outbreak has 1,romJ)led a ~arch for new d~gs to protect against these viral infectioos in 
the future. lt is nt:<:essaty to immecliattly investigate this due tu too mutariun of the, vital 
geitclme and there being no current ,protective vuccint:.'l or therapeutic dtug.~. Nano 
nutraccutical strategies can be consitleted a powerful tool ro enhance the e~iveness of 
nutrnceuticnls as antiviral drugs, which are usually associated with solubility and 6ioa
vailability issues. Consequently, high doses and frequent administrations are required. 
resulting in ad,•erse side eff'-'Cts. To overcome these limitations, vnrious nunomedicine 
plitfonns have been dcttlgacd. This review focuses oo the protein-based nanopmticlcs for 
the delivery of approved nutraceuticals. A brief description of the main characteristics of 
nanocarricrs is fo]JC)wcd by an overview of lbe most promisin;J research addn-ssing the 
treatment of the most important viraJ infections. The activity of antiviral 11utraceuticals 
can be enhanced by nanoformulations. ltcnce-nanoparticles can affect the fate ofthc cn
capsuJatcd ·mitraccuUQais.~ sus,.t\incd-relcasc kinetics. enhanced bioavailability. modified 
phannacokinetics, and n~Hgable $ide effects. Besides, the f)hysicochemical ~ of 
oanocarricrs can enable tboir c,.apability to tari,.,ttt $peeific site$ and to interact with virus 
structures. Tn this reg,nril, nnncmedicines can be considered an opportunity to enhance the 
lhcraJ)l!utic ~d~ of antivirals, Effica.cy, ~felJ~_uoo mimu!aciuring issues na:d to be can,. 
fully-assessed to, bring thi.$·pron,ising llpproath to the clinic. 

KeJ'•••o,4: Antiviral drug.s; nan,.,.rtutracouticals~ ~m1op:irticlcs. tar:gctcd delivery. 
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Precision Medicine(PM): The Recent Innovation in Health care 
Archa Suresh 1, Rohini Samadarsf1 • 

1•Department of Biotechnology and Biochemical Engineering, Sree Chitra Thin.ma/ College of Engineering, 
Thiruvananthapuram, Kera/a, India I 
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Healthcare is transfonning, and it is imperative to leverage new technologies to generate new data 
and support the advent of precision medicine (PM). Recent scientific breakthroughs and 
technological advancements have improved our understanding of disease pathogenesis and 
changed the way we diagnose and treat disease leading to more precise, predictable, and powerful 
health care that is customized for the individual patient. Genetic, genomics and epigenetic 
alterations appear to be contributing to different diseases. The rapid development in genome 
sequencing and phannacogenomics has led to the conclusion that genes might influence drug 
response. With the wealth of infonnation for different diseases and its link to intrinsic biology, the 
challenge is now to tum the multi-parametric taxonomic classification of disease into better clinical 
decision-making by more precisely defining a disease. As a result, the big data revolution has 
provided an opportunity to apply artificial intelligence (Al) and machine learning algorithms to 
this vast data set. AI, machine learning algorithms, computational biology, and digital biomarkers 
will offer an opportunity to translate new data into actionable information thus, allowing earlier 
diagnosis and precise treatment options. A better understanding and cohesiveness of the different 
components of the knowledge network is a must to fully exploit its potential. 
Keywords: Precision medicine (PM); Pharmacogenomics; artificial intelligence; computational 
biology; Biomarkers 
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Zoonotic Risk Prediction and Prevention of Next pandemic Infection's 
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Most pandemics such as HIV/ AIDS, severe acute respiratory syndrome, pandemic influenzaoriginate in animals, are caused by viruses, and are driven to emerge by ecological, behavioural, or socioeconomic changes. Despite their substantial effects on global public health and growing understanding of the process by which they emerge, no pandemic has been predicted before infecting human beings. Currently, the world is engulfed in combating a pandemic with its control dependent upbn the acquisition of immunity by individuals and population groups against the causative virus. There still are millions of zoonotic diseases in the world on standby. In the present study current pandemics are analyzed and devised a pattern existing between the previous pandemics Gaused by existing or novel, bacterial or viral pathogens and to verify the existing estimate frequency with which occurrence of pandemics holds true. To acquire a quality level of preparedness against the next global pandemic the first step is to identify global level determinants, which gives an insight towards the likeliness of pandemic emergence through ecological processes. New mathematical modelling, diagnostic, communications, and informatics technologies can identify and report hitherto unknown microbes in other species, and thus new risk assessment approaches are needed to identify microbes most likely to cause human disease. In the current study a series of research and surveillance opportunities and goals are laid that could help to overcome the challenges of pandemics and move the global pandemic strategy from response to pre-emption. 

Keywords: Pandemics; Zoonotic diseases; Determinants; Mathematical modelling; Microbes 
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classifier leaming techniques predicts the accuracy of the
work.

j

I

.lbstract- Optical Transf€r l-unction in Optical Scrnning
Holographic (OSH) System describes the mathematical model of
hologram generetion frequencv domain. Here a deep learning
feature vector crtractor is used for combining the features of the
hologrrm to the classifiers. The cl|ssitication lerrning is done
with the regression-based machine learning models. This slst.m
works es the pupil function predictor for the genemt€d
hologrrm. The training is donc with the given dataset for
different tvpes of pupil functions. The srtractsd features of the
hologram determine the model prediction for pupils us6d and
then classification of OTF is performed. The accuaac) measurs
for different learning algorithms has been analJ'zed and thr
Enremble Adrboost chssilication elgorithm shows best accuracv
results for the prediction of the pupils used in OSH. This
classificrtion algorithm gives rn.verage prediction accuracr of
97.750/o

Kel-nords- Ensemble Bag ClassiJier; Feature Vector;
Poifit Spread Function; Optical Scalning Holography: Optical
Transfer Function

[. INTRoDUCTIoN

Optical Scanning Holography manipulares the object
inlbrmation with the help of two pupil functions. This pupil
functions determines pattem the refence beam should interfere
with the object beam information. This pupil functions are

responsible for the mathematical formulation of the OSH
system tralsfer function (Optical Transfer Fulction/ Point
Spread Function). This work presents an automated system for
Optical Transfer Function (OTF) or Point Spread Function
Classification (PSF) using Deep Leaming and Machine
Learning Techniques.

II. BLoc( DIACRAV

The block represents the training phase and testing phase

stages for the learning and pupil function prcdiction. A Very
Deep Convolutional Neural Network (VGGI6) extracts the
t-earures o[ the sine and cosine hologram. Regression based

l;utL[ufg,

Fig. I Optical Tra.,sfcr Fullctiorl Classilication

III. RESULTS

Tablc IClaisification Results (Accuracy of OTF Predictioo) $ith VGGI6
FcarurE Extrictor (Sine Hologram)

or.i

IV. REFERENCES

[] W Wang, H Liu, "Automated clustering method for point
spread function classification", Monthly Notices of the Royal
Astronomical Society, Vo1.478, pp.567l -5682, 20 I 8.

[2] Yaping Zharg El Al, "Revicw on Feature Extraction tbr
3-D Incoherent Image Processing Using Optical Scanning
Holography", IEEE Transactions on Industrial Intbrmatics,
Vol l9,l l, pp. 6146-6154, 2019.

Althorized lceased use li

I,F ffrr,rvlrl

Y CALICUT lore Restnctlons apply

)

'!

j

)
l

,

?

a

j
a

)
j

:

.*i

F
?

loo 91 9r-

















66
4th International Conference on Materials, Mechanics and Management (IMMM 2020),5,6 and , *^r1!,Jl?r?r *

Development of an Experimentation Setup for the Analysis of Flow Induced Vibrations in
Flexible Tubes Conveying Fluid
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Abstruct
Flexible tubes are used to transfer a wide range of fluids
including gaseous fluids and liquids and hence find numerous
applications in the industrial field, medical field, etc.
Polyurethane (PU) tubes are one among the most widely used
flexible tubes owing to their superior qualities and long life.
Fluids conveyed through these tubes may not be always in
steady condition, rather there are conditions of velocity or
pressure varying flow. They can induce severe disturbances to
the flexible tube than that induced during the steady condition.
These can be extremely hazardous depending on the field of
application. So it is needed to investigate the dynamic behavior
of flexible tubes in velocity varying flow. Even though vast
srudies have been conducted in the steady flow through flexible
tubes, more experimental studies are needed to be done

concentrating velocity.
This paper attempts to introduce an advanced experimental
setup for the study of flow-induced vibrations in flexible tubes.

Flow is made velocity varying using a linear actuator coupled
plunger rod mechanism which varies the flow from zero to
maximum value through the plunger moveltlent and this

variation in flow velocity results in pressure pulsations in the

fluid. The pressure variation is monitored by a pressure

transducer and the dynamic responses of the fluid conveying
tubes are acquired by means of a Laser Doppler Vibrorneter.
The experiments are found to be highly useful in the

investigation of the dynamic behavior of the flexible tube

under pulsatile flow and flow-induced vibration.
Keywords- Flexible tube, Polyurethane, Flow-ittduced fibrstion,
Velocity, Pressure

I. INTRODUCTION
The dynamics of pipe conveying fluid has always been one of
the concentrated areas of attention as it shows interesting as

well as occasionally nonlinear behavior. Fluid-strucfure
interaction resulting from the transfer of energy from and to
the fluid can cause vibrations which can be severe in nature.
These vibrations are sometimes hazardous and risky. So it is
necessary to study the fluid-structure interaction and flow-
induced vibration for practical engineering problems. Internal
fluid flow is an important aspect to study the flow-induced
instabilities and the dynamic characteristics of fluid conveying
pipes. The analysis of natural frequencies of pipe conveying
fluid helps to identify the safe operating frequencies of pipes
and to design its supports. If the natural frequency of pipe
matches with the frequency of structure or other attachment,
resonance may occur and it can affect the pipe stability. They
can result in leakage and failures.
Many devices which incorporate flexible fluid conveying
tubes are now designed for engineering applications, hydraulic
machinery application, utilization in hospital, etc.
Polyurethane combines the best properties of both plastic and
rubber. It offers tear resistance, high tensile and low
compression set. It offers high elongation values like rubber
and abrasion resistance superior to PVC. Polyurethane is
naturally flexible and exhibits superior flexural abilities. As it
possesses good chemical resistance with excellent weathering
characteristics, polyurethane is superior to most other
thermoplastics.
As Paidoussis and Li [] found, experimental studies on the

dynarnics of fluid conveying flexible tubes are not numerous

even though the theoretical, as well as numerical studies, are

rnany. Naguleswaran and Williams [2] investigated the effect
of pressurized flow on natural frequency in a clamped-
clarnped neoprene tube. Jendrzejczyk and Chen [3] conducted

sirnilar experiments on polyethylene and acrylic tubes under
various support conditions. All these studies were limited to
steady flow conditions and the effects of various parameters

like pressure, flow velocity, initial stretch, etc on the critical
flow velocity and natural frequency.
Unnikrishnan et. al.[4] discussed an experimental method for
calculating dynamic characteristics of horizontal pre-stretched

PU tube. Factors affecting modal parameter estirnation are

found out and optimum parameters are suggested. Zhang et al.

[5] conducted an pulsating and steady

Notations
Length oftube, m
Interior Perimeter of tube, m
Inside area of tube, m2

Linear density ofpipe. kg/m
Flexural Rigidity, Mpa.ma

Coefficient of viscoelastic damping in the pipe, MPa

Coefficient of viscous damping, Ns/m

Pressure, Pa

Poison ratio.
Linear density of fluid, kg/m
Axial fluid flow rate. m/s

Longirudinal tension in tube, N
Transverse shear force, N
Bending Moment, kg.m
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ABSTR,4CT
Functionally graded materials are the upcoming new class of advanced materials, which
exhibit gradual change in the microstructure and the composition in a definite direction, and
hence variation in functional performance within a part. Functionally graded metal matrix
composites (FGMMC) are FGM with metal and ceramic constituents. Aluntinum-Silicon
alloys are well-lcnown for their unique contbination of desirable characteristics, which
includes excellent castabiliry and less density combined with good mechanical properties.
One such alloy that has been developed specifically .for its wear resistance is the

hypereutectic aluminum-silicon alloy Aj90. The research of wear behavior of this alloy at

high temperatures has attracted attention in the past years. However, prospects of
hypereutectic A390 alloy reinforced with SiC in a functionally graded manner are not

iiicussed much in literature. The present study.foct$es on the development of Aj90/20wt.%

SiC Functionally Graded Contposite .for high temperature tribological applications. The

.functionally graded A3g0/20% SiC tt.fobrtcated using centrifugal casting. The strengthening
'phases 

obielred in the microstructural study are constituted by SiCp in the composite' which

is formed in a graded manner confirmin[ the FGMMC development' The hardness value

showed a decreasing trend from outer to" the inner region as expected from a functionally

graded material. lrZ l,orinirs at the oriir'irripherv oithe devetiped FGMMC is atso found

to be higher than tiri ,f i,Sg' alloy indicating i'igh" wear resistance o'f the materiat'

Keywords: A3g^/sic, centrifugar casting, metar nmtrix cornposite' microstructure' hardness'
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ABSTRACT
Vegetable oils are proven to be potential heat transfer fluids (HTF) in concentrated solar
power plant (CSP) and their thermophysical and rheological properties are comparable to
the contemporarily used synthetic HTF. The present study airns to investigate the use of
cocorufi oil as potential HTF and to improve some of its properties for better performance.
Natural additives are used to alleviate certain limitations of coconut oil in pedonning as an
HTF. Primarily, the oxidative stability and cold flow property are improved by adding
essential oils of garlic to coconut oil at different concentrations. The optimum mixture is
chosen and the thermophysical properties which include density, specific heat capacity and
thermal conductivity are looked into. These properties as well as the dynamic viscosity are
correlated individually to temperature using polynontial equations. Further, the
biodegradability of the mixture is checked to ensure the eco-friendliness o.f the mixture. Thus,

an attempt rs made to produce a bio-heat transfer Jluid (BHTD with improved
thermophysical properties, dynamic viscosity, cold.flow property and oxidative stability.for
performing as an effective substitute for synthetic HTF.

Keywords: Heat transferJluids, concentrated solar plant, cocotlut oil, natural additives
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INTRODUCTION
Technologies for utilizing solar energy as

an eco-friendly altemative to electricity
have been implemented in areas which
receive sunlight abundantly. Concentrated
solar plant (CSP) is one such invention
which helps to store thermal energy using
heat transfer fluids (HTFs). The plant
consists of several concentrators which
help focus sunlight on the absorber tubes
so that heat from the sunlight can be
utilized by the HTF flowing inside the
tubes. The HTF circulates in the solar

receiver and the thermal energy is
transferred to a heat exchanger which is
attached in the thermal power block to
generate electricity in a conventional
steam generator ll,2).One of the pertinent
reasons for the success of CSPs is the
involvement of HTF which helps to utilize
the thermal energy even when sunlight is
not available.
field of solar
technical
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INTRODUCTION

Concentrated solar power has great potential to
utilize solar energy more efficiently than other
solar systems. Parabolic Trough Collector found
to have better efficiency with higher concentration
ratios and effective conversion of solar energy.

Parabolic trough solar collector is a line-focus
solar therrnal energy concentrator that reflects a

larger area of beam solar radiation onto an

absorber tube of smaller area with minimum loss.

The collector surface focuses radiant energy from
the sun on an absorber tube, and this is transmitted

PERFORMANCE EVALUATION OF SMALL SCALE
PARABOLIC TROUGH SOLAR THERMAL

COLLECTOR FOR SOLAR COOLING APPLICATIONS

Shajan S.r', Baij u V.2

'Ph. D Scholar, APJ Abdul Kalam Technological University
Department of Mechanical Engineering, TKM College ofEngineering

Kollanr, ZIP Code: 691005, Kerala, India
Tel.: +91 9895631048, E-nr,ail: shajan@sctce.ac.in

2Assistant Professor,
Department of Mechanical Engineering, TKM College ofEngineering

Kollanq ZIP Code: 691005, Kerala, India
Tel.: +91 9895937 476, E-mail: baijS4@yahoo.co.in

ABSTRACT: In th.is work, design, construction and experimental study of a
simple parabolic trough solar collector have been conducted under the local
climatic conditions for low-temperature applications. A small scale parabolic
trough solar collector with l.l2m aperture, 2.5 m length and 90" rim angle has
been developed with the locally available rnaterials using the stainless steel
sheet as the parabolic reflector and copper tube as the absorber/receiver. It
has been outdoor tested at TKM College of Engineering, Kollam for the
performance evaluation with and without glass cover. When glass cover is
used over the absorber tube, the heat gained by the working fluid is observed
to increase by 23.8% than that without a glass cover. The physical output
indicates that by using an envelope glass to the absorber tube, high-
temperature water can be produced for efficient hot water applications, in
which working temp€rature ofthe system is lower than that ofthe hot water
supply.

Ke)"lvords: Parabolic trough, Solar collector, Heat transfer fluid

to working fluid The metallic absorber tube is
coaxial with the focal line of the parabolic
reflector and has a glass covering to minimize the
heat loss as shown in Fig.l . The performance of
these parabolic collectors strongly dependent on
the solar irsolation available in the area where
these collectors are installed. It is well
recognized that insolation from the sun diffsrs
depending on the geographical position;
therefore, it is nec the above in
design, rnan of solar

.s

I,

+

PNNEIP,t'L
Str;e Chitrt 'i'!tin

College oJ Engittt
Tivcn,lrn tn -

thermal collec











fl EasyChair Preprint

)', 3774

Digital Holographic Technique Based Fingerprint

Authentication for Criminal lnvestigation

S Thansy and M. K. Sheeja

EasyChair preprints are intended for rapid
dissemination of research results and are

integrated with the rest of EasyChair.

urJLl.t'0t

!r,Rlt!

July 7. 202t)

Sttc Chitra Thirunal Colle6 of Eagincdrg
Pappenamcodc, Thiruvanen$epunn{9s Olt







Il,laterials Inday: I'tor:eedings 5.9 (2022) 7-14

Contents lists available at ScienceDirect

terials Today: Proceedings

journal homepage: www.elsevier.com/locate/matpr

nuterialstodav,
Htr)(:iFt)i\lcs-

IIE*NT8IIIIFE
Hf:ng5$

AI*SEVIER

Exploiting the thermal and rheological potentials of graphene-PAc

nanolubricant for the development of energy efficient refrigeration
systems
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ARTICLE INFO ABSTRACT

The addition ofnanoparticles is one ofstate ofthe art methods to enhance the thermophysical and heat

transfer characteristics of cooling and lubricating fluids. Exploring the energy-saving potentials of novel

material graphene as a lubricant additive is the primary focus of this study. The thermal and rheological

properties ofPoty Alkylene glycol(PAG)-graphene nanolubricant at different volume fractions are inves-

tigated to pose as an energy-efficient alternative lubricant in refrigeration systems. Moreover, genetic

algorithm based regression correlations are proposed to predict the thermal conductivity and viscosity

of the graphene-PAG nanolubricant. The results show that the addition of graphene nanoplatelets to

the oil has the potential to improve the thermophysical characteristics of the lubricant. The presence

of platelet shaped nano graphene particles enhance the thermal and rheological characteristics of the col-

loidal suspension. The proposed regression models exhibit excellent agreement with the experimental
data. Thermal and rheological studies revealed that the application of graphene-PAG nanolubricant is
an option to improve the energy efficiency and overall performance of HVAC systems.

Copyright @ 2022 Elsevier Ltd. All rights reserved.

Selection and peer-review under responsibility of the scientific committee of the Third lnternational Con-

ference on Recent Advances in Materials and Manufacturing2O2T

Article history:
Available online 30 October 2021

Keywords:
Graphene
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l. lntroduction

The world energy utilization is expanding exponentially per
year. The growth in numbers of refrigeration and air-
conditioning systems both in commercial, industrial, and residen-
tial sectors are one of the major reasons for the expanding pattern
ofenergy consumption across the globe. In view ofenergy security
and environmental concern, the energy efficiency of such systems
needs to be enhanced. The emergence of nanotechnology leads to
the development of superior materials and heat transfer media
having better therma[, mechanical, and morphological characteris-
tics which will benefit in energy, communication, biomedical, and
other diverse sectors[.] ,21. Increasing demands in energy, miniatur-
ization of systems, and precarious economic crisis mandate
energy-efficient and high performing cooling media and lubricat-
ing fluids in diverse thermal applications and systems.

* Corresponding author.

E-mail address: s.rnukrishna@sctce.ac.irr (S.S. Sanukrishna).

https: i i doi.orgl I 0. 1 0.1 6il.nratpr.202 1.09.47 I
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One ofthe fortunate approaches to increase the thermal trans-
port phenomena in conventional heat transfer fluids is the use of
nanoparticles as colloidal material Ij]. tow thermal conductivity
and heat transport capabilities are the primary hurdles to over-
come for the development of sustainable and efficient systems in
the arena of heat transfer. Thus it is imperative to increase the
thermo physical and heat transport characteristics of these fluids
from an energy-conserving perspective. Present and future HVAC
systems would necessitate energy efficient primary and secondary
working fluids such as refrigerants and lubricants. Consequently,
investigations on energy saving through heat transfer enhance-
ment and better tribological performance have gained great atten-
tion nowadays [41. The addition of nanoparticles to the
conventional heat transfer fluids as a heat transFer modiner have
been gained consideration for the past few years [5]. Recently car-
bon and its novel allotropes such as graphene, fullerene, and nan-
otubes have emerged as an excellent additive to the coolant,
lubricants, and heat transfer fluids including refrigerants, due to
its remarkable, unique thermal, mechanical, electrical, and optical
properties[671. However, graphene, among them is not effectively
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EVALUATION OF BIO.ADDITIVES AS EFFECTIVE ANTI.
OXIDANTS FOR COCONUT OIL BASED LUBRICANTS

Anoop Kumar SI-, Akhil P 52, Deepak G 52, Gautham Suresh2, and Hariprasad V2
-*-J----

l
'U.G. srudent, SreeChitraThirunal College of Engineering, Thiruvananthapuram - l8
*Corresponding author (E-mai I : anoorrksGDsctce. ac. in)

KEY WORDS: Coconut oil; Bio-additive; Pour point; Oxidative stability; Viscosity; Bacterial growth

ABSTRACT

Despite having several properties of a potential lubricant, coconut oil is not used as an industrial
lubricant due to lack of certain properties like low oxidative stability and high pour point. In the
present study, methods are being undertaken to improve above mentioned properties of coconut oil by
adding bio-additives, so that itcan be used as a potential lubricant. The intention of the study is also to
create an eco-friendly lubricant which supports the aspect of green technology. The additives used in
the study are essential oils of ginger, black pepper and garlic, which are added at 2o/o, 3yo, 5oh

concentration separately to prepare nine different samples. Propylene glycol is also added to the
sample to improve the pour point. The addition of essential oil brought about a significant increase in
onset temperature for oxidative degradation and substantialdecrease in pour point. The pour point
wasfurther brought downbythe addition of propylene glycol, which is a safe food additive. The
bacterial growth on each sample istested toensurethat the sampleswere eco-friendly and their disposal
wouldnot cause any harm to the environment. The dynamic viscosities of the samples are also
compared with pure coconut oil to check the impact of addition of essential oil. The addition of
essential oll at 3o/oconcentration along withtraces of propylene glycol to coconut oil hasyielded
optimumimprovement in oxidative stability with substantial reduction inpour point, without
significant change in dynamic viscosity.

l.INTRODUCTION

Vegetable oils are perceived to be alternatives
to mineral oils for lubricant base oils because

of certain inherent properties and their ability
for biodegradability[s][10]. Compared to
mineral oil vegetable oils in general possess

high flash point, high viscosity index, high
lubricity and low evaporative loss[8]. Poor

oxidative and hydrolytic stability, high
temperature sensitivity of
tribologicalbehaviour and poor cold tlow
properties are reckoned to belimitations of the

vegetable oils for their use as base oil for
industrial lubricants[6][7]. Technical solutions

such as chemical modification and addition of

certain substances have been suggested to
overcome the poor oxidative stability[4][0]
and high temperature sensitivity of
tribologicalbehaviour of vegetable oils when
used as base oil for lubricants. Widespread use

of vegetable oils as lubricants was limited in
colder countries due to their high pour
point[6]. Mineral oils provide various fluids
which have desirable properties as lubricating
oils at a
of thc
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Abstract 

Spent Medium Recycling and Characterization for the Cultivation of Chlorella sorokiniana Microalgac 
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Abstract 

Suchetna Kushwah, Soumya Sasmal* 
Netaji Subhas University of Technology, New Delhi 

* Corresponding Author:sasmal@nsut.ac.in 

Microalgac has gained substantial attention as a potential fcedstock for the productionof varnous grcen chemicals and fucls. The high water requirement for the production ofmicroalgac biomass increases the water footprint which is one of the major challengesin the production of microalgae and it might limit the microalgae production. There fore, recycling of culture medium is necessary to reduce the water foot print of microalgacbiomass production. In this study, rccycling of culturc mcdium for the cultivation ofChlorellasorokiniana (microalgae) and the effect of medium recycling on its growthwas investigated. Microalgac were cultivated in recycled spent medium up to threerecycled stages. Spccific growth rate of microalgae culture in BG-1| medium was foundi.303 Day -l and it was declined to 1.076 Day -I after repeated recycling of spent medium. Total dissolved solids increased to 1647 mgL -1 after repeated recycling of spent mcdiumas comparcd to fresh BG-11 medium in which it was cstimatcd to be 824 mgL -1.Theconccntration of total dissolved solids in spent medium cultures increased to 49.9% ascompared to fresh BG-1l medium culture. The decline in growth rate in spent mediumwas majorly due to inorganic compounds accumulation in the medium. 

Keywords: media recycle; microalgae; spent medium 
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Molecular modeling investigation for novel nutraceuticals against proteases of SARS-CoV-2, HINI, and Ebola hemorrhagie fever 
KM Chitra, Yaswanth O V, Nandana R Mridul, Shibitha SS,Rohini Samadarsi " Sree Chitra Thirunal College of Engineering, Thiruvananthapuram, Kerala *Corresponding Author rohinisamadarsh@gmail.com, rohini(a sctce.ac. in 

Global pandemics are serious threats to human life. While well-established and characterized viruses such as The human immunodeficiency virus (HIV) and Hepatitis are still killingmillions of people, the emerging viruses are also problematic and have caused several serious outbreaks in recent years, such as the Severe Acute RespiratorySyndrome-Coronavirus(SARS-CoV) in 2002-2003, Swine influenza A (HINIl) in 2009, and Ebola 
Haemorrhagicfever outbreak in 2014 which has caused thousands of deaths worldwide. The widespreadproblem of a 2019-novel coronavirus (SARS-CoV-2) strain outbreak has prompted a searchfor new drugs to protect against these viral infections in the future. lt is necessary toimmediately investigate this due to the mutation of the viral genomc and there being nocurrent protcctive vacc1ncs or therapcutic drugs. In silico screening, strategies were employedto determine the potential activities of seven HIV protease (HIV-PR) inhibitors, two fludrugs, and four natural nutraceuticals including, gingerols, curcumin, mang1ferin, and piperincompounds. The computational approach was carrned out to discover the structural modeswith a high binding affinity for these nutraceuticals on the homology structure of thecoronavirus protease (SARS-CoV-2 PR). From the theoretical calculat1ons, all thenutraceuticals demonstrated various favorable binding affinities. An interesting finding wasthat nutraceuticals tested had a higher potential binding activity with the pocket sites ofSARS-CoV-2 PR compared to the conventional IIIV-PR inhibitor drugs. This result supportsthe idea that all four nutraceuticals could be uscd individually or in combination to trcat viral1nfections. This study sought to prov1de fundamental knowledge as preliminary experimentaldata to propose an existing nutraceutical material against viral infection. Collectively, it issuggested that molecular modeling and molecular docking are suitable tools to search andscreen for new drugs and natural compounds that can be used as future treatments for viral 

PRINCIPAL 

Keywords: Scvere Acute RespiratorySyndrome-Coronavirus (SARS-CoV), Swine influenza A (HINI), Ebola Haemorrhagic fever, 2019-novel coronavirus (SARS-CoV-2), nutraceuticals, molecular modeling, docking 
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Resveratrol-Induced Augmentation of Telomerase Activity 

Abdul NafiAboobacker, Akshay R Jayan, Ganesh Mohan T, Baji K, Dr.RohiniSamadarsi 

Sree Chitra College ofEngincering Kerala 

Cells age and lose their capacity to divide as their telomcre lcngth gets shortencd cach timethey divide. 

eventually leading to the stoppage of cell dvision. This is primarily the reasonfor aging of an organ1sm 

Tclomeres are thousands of repcated secqucnces that protects thechromosome cnds from DNA damage. Each 

time a cell divide, some part of the telomere islost due to the inability of DNA polymerase to replicate the end of 

the chromosome (the end replication problem) during lagging strand synthesis. As a result, most cells 

(includinghuman cells) can divide only up to a certain amount of division (50-70) before goingsenescent phase, 

a phenomenon known as Hayflick limit. Telomcrasc is an cnzyme that cancxtend the tclomere length and 

'repair' the ends of chromosomes. It consists of twomolecules cach of human telomerase reversc transcriptase 

(TERTI, telomerase RNA (TR orTERC), and dyskerin (DKC1). TERT is a reverse transcriptase, which is a 

class of enzymethat creates single-stranded DNA using single-stranded RNA as a template. The enzymeworks 

by binding to a telomerase RNA molecule that contains a sequence complementary tothe telomernc repcat. It 

then cxtcnds the overhanging strand of the telomere DNA using thisRNA as a templatc. Aftcr that, DNA 

polymerase adds complementary strands to theoverhang producing double-stranded DNA. Various factors are 

known to affect the activityof telomerase enzyme. Thus, strategies for improving the activity of telomerase can 

increasethe telomere length and thereby increase the overall lifespan of the individual. The currentstudy 

intended to compare the different bioactive compounds that affect telomerase enzymevia docking and to 

optimise its usage. It has becn found that the compound "resveratrol"'showed the highest binding affinity 

towards telomerase. 

Keywords: Telomeres; Hayflick limit; resveratrol 

Compressibility Factor of Nanocon fined Alkanc along Vapor-liquid Cocxistence 

Niharika Tanwar, Sudhir K Singh 

Thapar Institute of Engineering and Technology, Patiala,Punjab, India. 

"Corresponding Author :sksingh@thapar. edu:6.sudhira@gmail.com 

Keywords: compressibility factor; nanoscale; nanoconfined alkaos 

The fluid PVT properties have direct influence on the fluid compressibility factor (Z-factor). Thecommon 

sourccs of Z-factor valucs arc experimental mcasuremcnts, cquation of states andcmpirical corelations. 

Moreover, these equations of states and correlations are applicable to thebulk fluid and not suitable for the fluids 

confined at nanoscale. In the current work,compressibility factor of saturated liquid (ZI) and saturated vapor (2 

g) of nanoconfincd alkanesare estimated using the simulation data obtained from the Monte Carlo simulations. 

Thisinvestigation indicates that with increase in temperature compressibility factor of saturated liquidincreases 

and the compressibility factor of saturated vapor dccrcases for all studicd nanoporewidths. Critical 

compressibility factors (Z c ) of nanoconfined alkanes are also estimated using thecritical point data obtained 

from simulations. The Z c of nanoconfined alkanes revcals non-monotonic trend with inverse pore width (1/|) 

and approaches to the bulk value at highermanopore width. Moreover, with decrease in nanopore width, Z c 

decreases and finally remainsind1fferent in quasi-2D region of nanopore width. A typical variation of Z c with 

inverse ofnanoporc width (1/H) for nanoconfincd methane and n-butanc are shown in thc folowing figurc. 
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Sree Chitru Thirunol College oJ Engineering, Thiruvanon!hapuram. Keralu, Indiu, Pnt code-695018
'Assisktnt Profb.tsor, Dept. ol Electonics & Comhunication Engineering, College oJ Engineeri,ry,

Kallooppara, Kerala. India. Pin code-68960j
t .lssitlanl Prolbssoa Dept. ol ElectroniLs & Cofinunilatioh EngiDeering,

Sree Chitra Thirunal College ol Engineering, fhiru,' ananlhapuran. Kerula. India, Pin code-695018
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' ProJixsor & Head, Depl. oJ Eleclronics & Commu\ication Engineering,
Srce Chilra Thinnal College of Engineering, Thirutaioihapumm. Keralo, lndia, Pin code-6950lE

Background: Phase-shifting interferomerry (PSI) is a holographic interl'erometric technique where mulriple holograms
are generated by giving appropriate phase shifi to one ofthe beams. The amplitude and phase intbrmalion ofthe object
can be analyzed from the compl.x hologram- The proposcd uork is bascd on transmission type microscopic tissue im-
aging based on phase shifting interferometry and its reconstruction by angular spectrum method. The proposed method
is evaluated by computing the Pcak Signal to Noise Ratio(PSNR).
Proposed Transmission type Microscopic Imagiog PSI: The proposed work is meant to record the hologram of
transmission type microscopic tissue imaging based on phase shilting interferometry. The post operative collected
specimen afier processing is embedded in paraffin block. The paraflin block is cut into thin microscopic sections using
microtome and nxed on a glass slide.
The microscopic tissuc is placed as saftple and a microscopic objective (MO) is used to rnagnity the microscopic tissue.
The beam splittcr splits laser beam into two pans-the reference beam and the object beam. One mirror is mounted with
a Piezo Electric Transducer (PZT) which provide appropriate phase shih to the reference beam. The rellected object
beam is again reflected by mirror and made to fall on microscopic sample. The MO helps ro yield a magnified version
ofthe samplc. On the second beam splitter both the object beam and phase shifted reference beam are superposed and
the corresponding interference pattem is obsened in CCD \r'hich can be transferred to a PC.
The complex amplitude ofthe object light is rel'erred to as the complex hologram bccause the amplitude distribution of
thc objcct light in the object plane is retncved from by pcrlormrng digital back-propagarion. The reconstruction can be
performed by angular spectmm method.

Simulation Results: To monitor the quality of the resulting reconsrructed imagc ofthe hologram. the Peak Signal to

Noise ratio betwcen imagcs is mcasured, which is defined as

Mean Squarc error, wheft l,lm,n) and I(d,n/ represents rcconsmrcted and input image, M,N is the size ofthe image
and R is the maximum fluctuation in the input image dara rypc. The PSNR valuc is used to mcasure rhe quality ofimage
after reconstruction and is found to be 11.03.
Conclusion: The proposed work implemented the hologram generation and reconstruction ofmicroscopic sample tis-
sue images by phase shiftlng interferometry. Phase-shifting intert'erometry provides a convcnient method for computer
analysis of interference patterns. The PSI technique can eliminate the influcnce of zero-order light and ruin image,
thereby improves the quality of the reconstructed images ar the oulput.
Keydordsr Phase-shiftidg intertbromeny. holographic interttrometry, muldple holoFam-s. phase shili. reconsrruction,
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ENHANCED PEDESTRIAN DETECTOR USING FIRST ORDER A}-D SECOND ORDER
AGCREGATED CHA\NEL FEATURES

Blossom Treesr B.stiorr rtrd Jiji C.!-.
Computer Lision Lab, Dept. oJ Eleclronics and Communicalio . College ol Engineering Triwndrum

Background: Pedestrian detection is an active rcsearch area in computer vision 6eld duc to its signihcant role in
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Phase-Coded Multiplexing Technique for Holographic Data Storage System

Sheeja M K'. Kanjana G', Meril Cyriac:, Leena Thomasr. Nelwin Raj N Rr
I Protlssor. f}etr. of Electronics & Communication Engineering Sr€e Chitla Thirunal Collegs of Engineerin&

ThiruvaDanttnpurarL Kerals. hdia, Pin cod€-6950 I 8
': r' Research Scholar. Dept. of Elcctronics & Communication Engineering. Sree Chitra Thirunal College ol'Enginecring.

Thiru\ ananthapuram. Kerala- India. Pin cdc-695018
': Assistant Prollssor. ECE Dcpt. LBS Institute ofTcchnolog)' lor Women. Thiruvananthapuran Kerala. India

Abstract Hologrcphic data storage is a technolog! that allotrs holograrns containing several millions ofbis ofinformation to be
$rinen or read in a single nash of light. Holographic sxorage slstems u5c thc volume of the recording material to store
information rvhich is based on the principle ol intcrference. Numcrous data pages can be simultaneousl-'- recorded on
photopollmer medium using multiple\ing techniques. The multiplexing techniques in use are shift- angle. savelengltl poljrcpic.
apenure ard peristrophic multiplering. Holographic data pages can be stored in a photopollmer medium using suitable
multiplexing mcthod. The same reference bcam lvhich rvas used for rccording is used to reproduce the storcd data from the
hologram. Phascroded multiplexing is the ben choi$ for volume holographic memories compared to othcr multiplexing
techniques. ln the present rvork. phase-coded multiplexing technique is analyzrd in terrns of Signal-t}.Noisc Ratio and Bit Error
Rate. Phasc-coded multiplexin8 method gives hi8fier Signal-to-Noise Ratio and lower Bit Enor Rate compared to other
multiplexing techniques.

Keywords: Hologram. Intcrlercnce. Nlultiple\ing. Spatial Light Modulator. Signal-to-Noise Ratio.

I Introduction

The individual bits of information are slored as distinct magnetic or optical changes on the surface of the
recording medium in magnetic and optical data storage devices. This limitation is overwhelmed in holographic data
storage by recording information throughout the volume ofthe medium. ln holographic storage, the multiple images
are recorded in the same area by making use of lighr at different phase angles. The data fi-ansfer rates are greilter
than those attained by raditional optical storage devices since holographic storage is capable of recording and
reading millions ofbits in parallel Irl.

Holography is a technique by which panerns of light are recorded to produce a three-dimensional object.
The recorded pattem of light is called hologram memory. The information is stored at high density inside
photopolymers. Holographic data storage has the capabiliry to become the ne)d generation of storage media since the
current storage techniques have reached the upper limft ofpossible data. The benefit ofholographic storage is that
the volume ofthe recording media is used for data storage instead ofjust tie surfacet:1.

The interference pattem between the *'ave fields scattered from the object and a coherent reference wave is
recorded. This is how holograms are constructed. In holography, the recording medium records the original complex
amplitude. i.e.. both the amplinrde and phase of the object wave to generate variable intensity holograms. The
ffeation of holograms is achieved through two coherent light beams split liom one laser source. One ofthe beams is
the signal beam and other is the reference beam. When these two beams interfere, a resulting interference panern is
formed which includes both the amplitude and phase information of the two beams. If a suitable photorefiactive
material is placed at the interference poinl the interference pattems wi0rin the material are recorded. The angle of
the beam is importan! and it cannot vary by more than one fraction of a degree. The holographic storage thus
achieves its high densities of data. By changing the angle or frequenc.v of the reference beam, additional pages of
data can be written in to the same cr),stal. The medium's dynamic range determines how many pages it can reliably
hold. lf the reference beam illuminates the material in the absence of the signal beam, the hologram difEacts the
light in the same direction as &e initial signal beam and reconstructs all the information on the original signal
beamll1.

2 Holographic Data Storage System

Holographic Data Storage System is a system used to record data into a recording medium using two beams
iiom the same laser source. The read and write operations in holographic data storage systems are performed using
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CKS AND PRETREATMENT METHODS FOR BIOETHANOLI 
PRODUCTION 

Rubeena.s1·, Dr. Lea Mathew2 

1SCTCE, Kerala Technological University, Kerala, India 
2CET, Kerala Technological University, Kerala, India 

The increasing global energy demand and depleting fossil fuels lead to the search for fuel 
alternatives. Biofuels produced from renewable biomass sources have received great attention in 
recent years. Bioethanol is a fuel alternative or fuel blend that can be produced by the fermentation 
of sugars. Cellulosic and lignocellulosic biomasses are considered as important feedstock for the 
production of biofuel. Lignocellulosic biomass materials are widely available in nature which may 
include forest residues, rice straw, barley straw, sugarcane baggase etc. The recalcitrant nature of 
these renewable resources is the primary bottleneck in bioenergy production. This has to be 
overcome by suitable pretreatment methods. Prevalent pretreatment strategies involve physical, 
chemical and biological methods. Pretreatment methods are followed by hydrolysis, fermentation 
and distillation. This paper reviews mainly on different biomass sources and pretreatment methods 
that can be used for the production of bioethanol. 
Keywords: bioethanol, pretreatment, biomass, lignocellulose, fermentation 

Introduction 
Energy crisis is one of the major problems facing the world and fossil fuels contributes over 85% of 
the world's energy supply. Fossil fuels like petroleum, coal and natural gas are being utilized at a 
rapid rate. They are gradually depleting and will be unavailable in the near future. It causes adverse 
effects on the environment such as release of carbon dioxide which results in global warming. It also 
causes release of gases such as sulphur dioxide, nitrogen oxides, methane etc which causes 
environmental damage directly or indirectly. These make a great concern about environmental 
pollution and lead to the search for alternative sources of fuels. 
Biofuels have been found to be one promising solution to the declining reserves of fossil fuels [22]. 
Biofuel can be defined as fuels that are made from biological origin such as plants, which can be 
used as a substitute for petroleum-based fuels. Bioethanol has been trusted as the most promising 
biomass-based fuel. According to Renewable Fuel Association, the global bioethanol production is 
approximately 26 billion gallons in 2020, among which US and Brazil contributes over 80% [6]. 
Bioethanol is a renewable energy resource, environmental friendly and it significantly contributes to 
reducing pollution. Liquid biofuels like bioethanol can be used as an excellent transportation fuel as 
well as a blending agent [15]. So, they are considered as sustainable alternative to improve the 
energy security. ' 
Microorganisms are good candidates that are capable of converting different types of feedstocks 
into bioethanol through the process of fermentation. There are two types of fermentation. One is 
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28th International Conference on Low Temperature Physics (LT28) IOP Publishing
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Thermophysical and Heat transfer Characteristics of Rl34a-
TiO2 N a no re frige ra nt : A N u me ric al Inve stigatio n.

[$""rlr@ , NabeelAjmal and M Jose Prakash.

University of Kerala" Department of Mechanical Engineering, TKM College of Engineering, Kerala, India

Email sanukishna@sctce.ac.in

Abtract. Nanorefrigerants are new class of nanofluids in which nanoparticles are suspended
in the refiigerant host fluid. They have superior thernnphysical and heat transfer
characteristics than conventional refrigerants. Presenl study investigates the therrmphysical,
heat transfer and pressure drop charactenstics of TiO:-Rl34a nanoreliigerants flowboiling in a
mini tube. Studies have been conducted at various heat fluxes, vapour qualities and particle
concentrations. From the studies it is observed that the presence of nanoparticles in refrigerant
can enhance the thenrnphysical and heat transfer characteristics. Studies show that with
TiO2-Rl34a nanorefrigerant, the heat transfer coefficient increases by 30.2% when particle
concentration is 1.5 %.
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Modifted Cryptogruphic System Using Double
Random Phose Encoding And Chaotic Shulfling

Roshan Varghese'
PG Scholar, Dept. of Electronics & Communication

Engineering,
roshan.varghese I I @gmail.com

.-lhstrdct ln a well-developed digital {orld. recurit}- plr}s, key
role in transmission of im|ges. An Optical architecture th.t
trNnsforms a primrry im.ge into Stationrr! lrhite noise \rith the
help of random phase mask is proposed. L'nlikc the traditional
Double Random Phrse encrlTtion, the encoding is performed
using Discretc \\'avelet Transform and Fast Fourier Transform-
Although it is simple, in practice it is vulnerable to various
attacks. Chaotic shulfling is performed as preprocessing stcp of
encrlTtion and post processing step of decr!?tion to enhance
securitl- a[d verilied the idea in simulation. Ertensive simulation
studies have been performed and Discrete luavelet Trantform
based Double Random Phase Encoding rvith Henon shuffling is

found to be good.
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I. INTRoDUCTIoN

Optical techniques for image securiry [t] have caused

much interest due to their solitary advantages, such as parallel

processing, high speed and many degrees of lreedom to han_dle

optical parameters like amplitude. phase and wavelength [2].
Th"y can provide a better and safe method for image

communication The foregoing optical image encrlption
approaches t2l,t3l,t4l confirmed that these algorithms are

secure and vigorous to the natural image processing attacks

t5l,t6l.One oflhe important optical image encrlplgn-rn.t!4
is the-Double Random Phase Encoding (DRPE)[7] But it is

wlnerable to various attacks and hence it is required to

combine various other techniques to enhance more security'

Fourier transform is an important image processing

tool which is used to dccompose an image into its sine and

cosine components.
convcrts the straigh
into a scrambled form in the frequen

fast Fourier transform(FFT) al rbdrl

Taking the Fourier transform of an image

tforward information in the spatial domain
ere exist a
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Fourier transform for N points in O(lVlogl/) which makes
FFT a practical and important operation on computers [7].

The Discrete Wavelet Transform (DWT) is an
efficient and useful tool for signal processing f7l. As with
other wavelet transforms. a key advantage DWT has
orrr Fourier transforms is temporal resolution. It captures both
liequency and location information.

Here, for the first time traditional DRPE is replaced by
DWT and combined with scrambling in optical image
encryption which gives a very good technique that is robust to
most t)?es of attacks. This paper introduces a novel Discrete
Wavelet Transform (DWT) based DRPE technique combined
with Chaotic maps that has been compared with Fast Fourier
Translbrm (FFT) based DRPE as a traditional technique.
Finally, we will present for our proposed DWT based DRPE
algorithm that has given high performance and high
robustness against all t}?es of anacks that have been imposed
to encrlpted image during transmission which makes it more
realistic than the taditional technique. For quality evaluation,
methods like Enuopy, Strucnrral Similarity [ndex and Peak

Signat to Noise Ratio is evaluated for the encrlpted images.

It. DoLTBLE Rc.NDoM PHASE ENCoDING (DRPE)

A random phase mask plays a significance rolc in
encryptionidecryption of images. The double-random-phase

encoding (DRPE) is a very popular optical encr,?tion method

due to its simplicity. Moreover, it is robust against many

ditTerent anacks in practical use. There have been numerous

improvements to the DRPE including the full phase processor

applying the DRPE in the Fresnel domain or incorporating the

finef wittr digiut holography. In addition, the DRPE has had

apptications in data storage and biometrics [8]'

Fig t represents the FFT based DRPE is illustrated using the

following equations
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