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ABSTRACT

The present work aims to produce biodiesel from okra seed oil with a
catalyst of sodium methoxide (NaOCH;) and evaluate the performance of
compression ignition (CI) engine. Biodiesel is an alternative source to world
petroleum reserves due to rapidly growing energy demands coupled with
environmental concerns has prompted the efforts to explore some alternative
sources of petroleum-based fuels.

Okra seed oil is a novel feedstock for biodiesel production. Oil extraction
using cold press method gave better result when compared to solvent extraction
method. Since, the extracted oil has acid value of 35.2 mgKOH/g of oil, it was
subjected to esterification process using hydrochloric acid.

The esterified oil was subjected to biodiesel production using
homogeneous catalysts of sodium methoxide (NaOCH;) gave maximum
biodiesel yield of 96.8% at reaction conditions of 1:6 molar ratio, 2 wt.% of
catalyst, reaction time of 2 hours, temperature of 63°C and 600rpm. The
properties of produced biodiesel was within the limits of ASTM D6751 standard.

Next, the produced okra oil biodiesel was investigated to study the
performance, combustion and emission characteristics of compression ignition
(CI) engine. The performance characteristics examined include brake thermal
efficiency (BTE) and brake specific fuel consumption (BSFC). The emission
characteristics measured include carbon monoxide (CO), carbon dioxides (CO2),
hydrocarbons (HC), oxides of nitrogen (NOx) and smoke.

The results showed that the biodiesel produced from okra seed oil it had

BTE and lower BSFC compared to diesel. The cylinder pressure and heat release
rate characteristics of the produced biodiesel were evaluated using a combustion
analyser and the result showed that biodiesel produced from okra seed oil
exhibited superior combustion characteristics than diesel. The emissions

characteristics than diesel. The emissions characteristics of produced biodiesel
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produced from okra oil exhibited superior combustion characteristics than
diesel. The emissions characteristics of produced biodiesel were also analyzed
and compared to diesel and the result showed that the emissions of CO, HC, and
NOx were lower for the biodiesel produced from okra seed oil compared to
diesel. In conclusion this study demonstrates the potential of using catalysts for
producing biodiesel from okra seed oil in suitability for use on diesel engine.
Finally, it is concluded that the development of a sustainable and
ehvironmentally friendly biodiesel production process that is used on diesel

engine.
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CHAPTER
CONCLUSIQN
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ABSTRACT

Polishing is a surface machining process used to provide a product a high
quality finished surface. To determine a material's microstructure, a metallographic
specimen analysis should be performed, Polishing is one step in the preparation of
a metallographic specimen. The designing and manufacturing a polishing machine
will be very helptul in the process of polishing the metallographic specimen. The
purpose of this project was to design and manufacturing a polishing machine on a
laboratory scale. The project involves a number of process stages, including model
design, tool and material preparation, component fabrication and assembly of the
polishing machine. This machine can be used for polishing different materials such
as metals, plastics, and ceramics. After the fabrication of this polishing machine, it
is observed that a good surface finish can be achieved. This polishing machine's
performance was evaluated during the testing phase in terms of surface roughness
and material removal rate. The results demonstrated outstanding repeatability and
uniformity in producing perfect surface finishes when examining microstructural
characteristics under microscope. This polishing machine performs well and can be

used for metallographic testing by students and researchers.
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CHAPTER 7
CONCLUSION

The polishing machine has successfully completed its design and

development. The following conclusion can be made from this project.

The polishing machine designed consists of motors, spindle heads, and each
spindle head carries a rotary disc. The rotary disc is mounted on the spindle
head.

The machine's key features, the disc-type design allows for uniform pressure
distribution across the workpiece. Adjustable rotational speed enables
customization for different materials and finishing requirements.

This machine can be used for polishing different materials such as metals,
plastics, and ceramics. After the fabrication of this polishing machine, it is
observed that a good surface finish can be achieved.

The performance of the polishing machine was assessed during the testing
phase based on surface roughness and material removal rate. The results
demonstrated remarkable consistency and repeatability in achieving desirable
surface finishes, critical for accurately examining microstructural details
under microscopy.

* The polishing machine that was designed is a useful instrument for
metallurgical research and quality control in laboratories and companies. It
enabling precise and reproducible preparation of specimens for detailed

microstructural analysis.
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ABSTRACT

In order to get proper syngas production from waste such as various bio masses in
single stage gasification under without Catalyst is not possible. To improve the
syngas production from various biomass it must have some potential density in
present inside the reaction chamber so that Pellets consists of Sesame stalks, Hemp,
Tamarind shell is having potential to work in gasification chamber because of its
density. This material is feed into two stage downdraft gasifier the zone of pyrolysis,
oxidation and reduction in which the whole biogas enter zone according to the fixed
equivalent ratio. In this present work the waste bio material feed in pellet mode,
fixed equivalance ratio and dolomite as working catalyst. This study explores syngas
production through various methods, including steam reforming, partial oxidation,
and biomass gasification. It examines the principles, processes, and technological
advancements in each method, emphasizing their efficiency, environmental impact,
and economic feasibility. Additionally, the abstract highlights the importance of
syngas as a versatile precursor for producing fuels, chemicals, and materials, and
discusses potential future research directions in this field syngas production while
mitigating environmental concerns. Furthermore, it underscores the significance of
syngas in the transition towards sustainable energy systems and the circular

economy, fostering innovation and collaboration across academia, industry.
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CHAPTER 8
CONCLUSION

In conclusion, the entrained flow gasifier project represents a
significant stridle towards sustainable energy production and
environmental stewardship. Through meticulous design, rigorous
experimentation, and comprehensive analysis, this project has provided
valuable insights into the operation and optimization of entrained flow

gasification technology.

The successful implementation of the gasifier showcases its
potential as a viable alternative for converting biomass, coal, or waste
materials into valuable syngas, which can be utilized for various
industrial applications, including electricity generation, chemical
synthesis, and fuel production. Moreover, the efficient utilization of
feedstock and the minimal production of harmful emissions underscore
the environmental benefits of this technology, contributing to the global

efforts in mitigating climate change and reducing reliance on fossil
fuels.
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ABSTRACT

Entrained flow gasification is a promising technology for converting solid
fuels into syngas, which can be further utilized for various applications such as
power generation, chemical synthesis, and fuel production. In this study, we
investigate the behavior of an entrained flow gasifier within a reactor core,
focusing on its efficiency, performance, and environmental impact. The reactor
core design plays a crucial role in determining the gasifier's performance. By
optimizing the core geometry, residence time, and temperature distribution, we
aim to enhance gasification efficiency and syngas quality. Computational fluid
dynamics simulations are employed to analyze the flow dynamics, heat transfer,
and chemical reactions within the gasifier. Environmental considerations are also
addressed, with a focus on reducing emissions of pollutants such as particulate
matter, tar, and sulfur compounds. Advanced gas cleaning techniques, including
catalytic conversion and scrubbing, are evaluated for their effectiveness in

meeting regulatory standards and ensuring environmental sustainability.
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CHAPTER ¢
CONCLUSION

ln.Lonf,lu.smn, the utilization of entrained flow gasification technology
for processing juliflora offers a promising avenue for sustainable biomass
conversion. Juliflora, known for its fast growth and adaptability to arid
environments, presents a renewable and abundant feedstock for gasification
processes.Entrained flow gasification, characterized by high temperatures and
efficient mixing of feedstock and gasifying agents, provides several advantages
in converting juliflora into syngas. The technology offers precise control over
temperature distribution, facilitating optimal reaction kinetics and maximizing

gasification efficiency.

By leveraging entrained flow gasification, juliflora can be efficiently

converted into a clean syngas suitable for various energy and chemical

applications. Additionally, the process can help address environmental

challenges associated with juliflora invasiveness by providing an economically

viable means of biomass utilization fabricate the reactor core .Overall, entrained
i

fl gaSiﬁcation holds significant promise as a sustainable solution for
oW

converting julifl
mental conse

ora biomass into valuable energy products, contributing to both

_ rvation and energy security objectives.
environ
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ABSTRACT

Fumnaces are used to heat Solid Materials to change their shape or properties.
Melting furnace is mainly made with non-ferrous metals. An electrical resistance
heating furnace is a type of heating system that uses electrical resistance to generate
heat. This work developed an electric- powered crucible furnace for the purpose of
melting aluminium scraps. It typically consists of heating elements, such as coils or
wires, that produce heat when an electric current passes through them. These
furnaces are commonly used for space heating in homes and buildings, as well as in
industrial applications for processes like melting metals or drying materials. The
heating process is fundamentally based on electromagnetic means and graphite was
selected as the crucible material. This furnace is a modified model appropriate for
labs and workshops. The furnace is intended to provide efficient and controlled
heating for various materials, including metals, ceramics, and composites. The liquid
aluminium is poured to a desired shape and size either a aluminium block or final

product.
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CHAPTER 7
CONCLUSION

A custom-designed electrical resistance heating furnace was developed
8 Opc

_‘T,e,;iﬂcally for melting non-ferrous materials, During testing, aluminum weighing
05 kg was melted, with continuous recording of temperature and timing as the
mmace ramped up. The heating and melting rates were found to be comparable to
those of standard furnaces, achieving temperatures well over 950°C within 210
minutes and melting the initial charge in approximately the same time frame.
Following the furnace's successful performance, sand and die casting samples were
prepared and subjected to hardness testing using a machine. The results revealed a
hardness value of 215gm, representing approximately 71.66% compared to

established standards, indicating a favorable outcome.
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ABSTRACT

Many rescarchers required scecondary machining processes for casted
components such as forging and direct extrusion for developing material data. The
existing direct extrusion machines are larger in size so it is not able to move from
one place to another place. The direct extrusion machine contains two major
processes such as heating the billet and loading the unit. In this research heating
chamber is only planned to designed and developed as a portable unit and load can
be applied by using a Universal testing machine (UTM). Direct extrusion stands as a
fundamental metal working process so this study aims the model and simulate of
direct extrusion process. The heating chamber with die setup is produced for
temperatures up to 500°C. The metals having re crystallization temperatures up to
350°C can be extruded with an direct extrusion ratio 64:1. The setup is designed and
developed. The extruded metal is characterized by measuring the properties such as,
hardness, impact strength and Density. The performance of the direct extrusion setup
through the measured properties. The toughness, hardness, relative density of
AA6063 are 22.3 joules, 51.2 HRB and 98.14% respectively. The determined
mechanical properties are more closure (o the theoretical values of AA6063 alloy so

this portable direct extrusion machine can be used for producing extruded rods.

vi ()&W )
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CHAPTER 5
CONCLUSION

. { Conclusion
3'

The portable direct extrusion machine was designed and developed for

Jking extrusion of various non-ferrous alloys having recrystallizatiop
MARITES -

emperature of 500°C . Mechanical tests such as density, hardness and toughness

for extruded aluminium alloy 6063 and the following conclusions are made from

the experimental investigations.

0.

. The portable direct extrusion machine can be used to the maximum billet

heating temperature of 500°C.

. Extrusion of various non-ferrous metals and alloys billets can be made into

rods,

- The maximum relative density of 98.14% was obtained and it can be applied

as secondary manufacturing process.

The portable machine is capable to measure the heating coil temperature as
well as inside billet temperature.

The extruded AAG063 alloy hardness was very closure to the actual
theoretical hardness value. The relative hardness value of 96.67% was
determined after extrusion.

There was no cracks and hot tears were not identified on the extruded
AAG(OG63.

. The toughness value of AAG063 was determined and it is very closure to the

other rescarcher values.
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ABSTRACT

Coconut is widely used from cooking to beauty products. In food industry,
large amount of coconut is used and it requires more effort to scrap the
endosperm from the coconut shell. The existing coconut scrapping machines
are not fully automated and it still needs to hold the coconut shell to scrap the
endosperm which is used from household application to commercial
application. The existing scrapping machine causes injury to hand and not safe
while scrapping the endosperm from the coconut shell. It is a labour intensive
and time consuming process. To avoid this, a special device is required to scrap
out the endosperm from the coconut shell. In this project, a coconut gripper is
designed and fabricated to hold any shape and size of a coconut shell. Then a
multipoint blade is designed and fabricated with required stiffness to scrap the
coconut endosperm. The scrapping blade is fixed at left end and the gripper is
moved to the blade from the right end. The motors are used to provide the
linear and rotary motion of the gripper based on speed and torque
requirements. The screw rod is also used in between the supporting shafts
which helps the gripper to move linear motion. Then the control switch setup is
arranged to control the gripper at forward and reverse direction. Finally, a
coconut scrapping machines is designed and fabricated which reduces the risk
of injury, increasing the productivity to scrap the endosperm and reducing the
need to hold the coconut shell while scrapping which is benefited to both

household and commercial application.
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CHAPTER 6
CONCLUSION

The coconut endosperm scrapping machine is a essential equipment to
scrapping the endosperm from coconut shell. This coconut scrapper is might be
suitable for household appliance and it can be used for commercial application.
In this project, a coconut endosperm scrapping machine in designed and

fabrication with a low cost for commercial and household appliance.

This coconut endosperm scrapping machine consists of frame, motor,
lead screw rod, operating swithes and blades

* The frame is designed and fabricated according to the total load
acting on the frame.

* The motor set up is designed and fabricated to rotate the coconut
shell holder and drive the lead screw mechanism.

* The lead screw rod is designed and fabricated to drive the coconut
shell holder block in forward and backward motion.

* The blade is designed and fabricated such a way that, it scrapping the
endosperm from the coconut shell,

The SCrapping machine parts are assembled and final equipment was

Obtaineq The performance of the Setup was examined and it scrap the coconut
€ndosperm efficiently,

: PRINCIPAL
S MIET, ENGINEERING COLLEGE
. GUNDUR, TIRUCHIRAPALL - i




DESIGN AND IMPLEMENTATION OF HEAT EXCHANGER
AND SCRUBBER UNIT FOR ENTRAINED FLOW GASIFIER
AND PRODUCTION OF SYNGAS BY USING SESAME

WASTE
A PROJECT REPORT
Submitted by
MOHAMED NIZARUDEEN.N (812420114358)
PRAVIN JOSEPH.S (812420114374)
RAVI KUMAR.S (812420114377)
SURYA.M (812420114390)

in partial fulfilment for the award of the degree
of
BACHELOR OF ENGINEERING
mn

MECHANICAL ENGINEERING M.LE.T. ENGINEERING COLLEGE
TIRUCHIRAPPALLI - 620007

| PROGRESS THROUGH KNOWLEDGE |

ANNA UNIVERSITY :: CHENNAI 600 025
APRIL 2024

MEE.T, ENGINEERING D00 L EGE
GUNGUR, TIRUCHIRMPALL| - 23 (i



ANNA UNIVERSITY :: CHENNAI 600025

BONAFIDE CERTIFICATE

Certified that this project report “DESIGN AND IMPLEMENTATION OF
HEAT EXCHANGER AND SCRUBBER UNIT FOR ENTRAINED FLOW
GASIFIER AND PRODUCTION OF SYNGAS BY USING SESAME
WASTE™ is the Bonafide work of N.MOHAMED NIZARUDEEN
(812420114358), S.PRAVIN JOSEPH (812420114374). S.RAVI KUMAR
(812420114377) and M.SURYA (812420114390) who carried out the project

work under my supe

ALY,
N \ 7 ‘) !
SIGNATURE
Dr. B SELVAM, M.Tech., Ph.D, Dr. G PRANESH, ME., MBA., Ph.D.
HEAD OF THE DEPARTMENT SUPERVISOR

Department of Mechanical Engincering Assistant Professor (SG)

M.LE.T. Engincering College, Department of Mechanical Engineering

Tiruchirapalli-620007. M.LE.T. Engincering College,
Tiruchirapalli-620007.

Submitted to the project viva voce held on /12,65 2024

/ g

INTERNAL EXAMINER E\TLR\At}g\me\

MLET, ENG?HEEW Of LEGE
GUNGUR, TIRUCHIRAPALL! - 23 (b



CERTIFICATE OF EVALUATION

College Name: M.LE.T. ENGINEERING COLLEGE

Department: MECHANICAL ENGINEERING

Semester ; V111

S.No Name of The Title of The Project Name of the supervisor with
Students Designation

I. | MOHAMED DESIGN AND -
NIZARUDEEN N IMPLEMENTATION | Dr. G. PRANESH,ME.,MBA.,Ph.D.
(812420114358) OF HEAT

2. | PRAVINJOSEPHS | EXCHANGERAND | DEPARTMENT OF MECHANICAL
(812420114374) SCRUBBER UNIT ENGINEERING

3. | RAVI KUMAR S FOR ENTRAINED | M.LE.T. ENGINEERING COLLEGE
(812420114377) FLOW GASIFIER TRICHIRAPALLI-620007

4. | SURYAM AND PRODUCTION
(812420114390) OF SYNGAS BY

USING SESAME
WASTE

The report of the project work submitted by the above students in partial

Fulfilment of the award of Bachclor of Engincering Degree in Mechanical

Engineering of Anna university was cvaluated and confirmed to be the report of

the work done by the above students.

Submitted for the Anna university examination held on [%. 05 BORL%

INTERNAL EXAMINER

o

N

EXTERN

MLET, ENGINEERING D0 8 53E
GUNDUR, TIRUCHIRAPALLL - ) it



ABSTRACT

Biomass gasification has emerged as a promising technology for
converting organic materials into clean energy sources such as syngas, biofuels,
and hydrogen. This process involves the partial oxidation of biomass in a
controlled environment to produce a synthesis gas rich in hydrogen and carbon

monoxide.

The produced syngas can be utilized for various applications. including
power generation, heat production, and biofuel synthesis, offering a versatile
solution for energy needs. This abstract provides an overview of biomass

gasification technology, its operating principles, and key process parameters.

It discusses the types of biomass feedstocks suitable for gasification and
explores the various reactor configurations and gasification methods employed.
Furthermore, it highlights the environmental benefits of biomass gasification,
including reduced greenhouse gas emissions and mitigation of waste disposal

issues.

The abstract also addresses the challenges associated with biomass
gasification, such as feedstock variability, tar formation, and reactor fouling,
along with ongoing research efforts and technological advancements aimed at

overcoming these obstacles.

Moreover, the project report highlights the environmental benefits and
economic feasibility of EFG technology, showcasing its potential to convert
diverse feedstock into valuable syngas while minimizing emissions and waste.
Insights gleaned from this study contribute to advancing the understanding the
optimization of EFG systems, paving the way for their widespread adoption in

sustainable energy production and industrial application.
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CHAPTER 9
CONCLUSION

In conclusion, the entrained flow gasifier project represents a significant

tride towards sustamable energy production and environmental stewardship.
S L

Through meticulous design. rigorous experimentation, and comprehensive

analysis, this project has provided valuable insights into the operation and

optimization of entrained flow gasification technology.
The successful implementation of the gasifier showcases its potential as a

viable alternative for converting biomass, coal. or waste matenals into valuable

syngas. which can be utilized for various industrial applications, including

electricity generation, chemical synthesis, and fuel production. Moreover, the

efficient utilization of feedstock and the minimal production of harmful

emissions  underscore  the environmental  benefits  of  this technology,

contributing to the global efforts in mitigating climate change and reducing
reliance on fossil fucls.
Furthermore, the collaborative cfforts mvolved in this project. spanning

across multidisciplinary teams and stakcholders. exemplity the Importance of

cooperation and knowledge sharing in advancing technological solutions for a
Sustainable future,

Thus, the experiment is conducted and the amount of heat transfer
eflectivenes

and the

s of heat transfer is calculated. From our project we have shown that

the spiral tybe heat exchanger's effectiveness is more than the normal paralje]

flow heat exchanger.

The conclusion from their investigations is that scrubber efficiency
depends on energy input per unit of gas flow, whether energy is supplied to the
ar gr the water (contact power theory). This conclusion applies only 19@%!«"

Bl s >d n the gas-hquid corn@Nepa,
desj i when the energy is expended in the gas MLE T, ENGIN %mums
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ABSTRACT

Development of sustainable energy resources is the need of present day in
view of the depleting energy resources and increase in the energy demand
throughout the world. On the other hand, fossil fuel combustion emits harmful
pollutants like oxides of carbon, sulfur, nitrogen and particulate matters, which
causes atmospheric pollution. Biodiesel as alternative fuels have various
advantages over the fossil fuels such as its renewability, lesser emission of
atmospheric pollutants and flexibility to produce from variety of feedstock.
Waste cooking oil can be used as a potential feedstock for biodiesel production.
Disposal of waste cooking oil itself an environmental challenge due to its
adverse environmental impact. Transesterification is the key process for
synthesis of biodiesel production with low cost and under mild reaction
condition.

The objective of the present work is to produce biodiesel from waste
cooking oil mixed with okra seed oil using a homogeneous catalyst. Since the
extracted oil has acid value of 12.5 mg KOH/g of oil, it was subjected to
esterification process using hydrochloric acid. The maximum biodiesel yield of
97% was obtained under the optimum conditions of molar ratio of 1:6, catalyst
concentration of 1.5wt.% (KOH), reaction time of 1.5 hours, at temperature 62°C
and 500rpm stirring speed. The biodiesel properties meet the ASTM D7651
standards.

The second objective of the works is to investigate the working
characteristics of the produced biodiesel on a compression ignition engine,
including its performance, combustion, and emission. In addition, the
antioxidant (propyl gallate) 1% was added to the biodiesel and investigated for

engine performance. The performance characteristics examined include brake
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CHAPTER 7

('()N('LUM()N

» The present work focused on the production of biodie

sel from waste
cookmg o1l and okra oil. The

results of FTIR confirmed th

at complete
ranstormation of biodiesel

Furthermore, the yield of the esterification process using WCO and okra

feedstock was optimised under specific conditions. resulting in a yie

Id of
97

“0. Similarly, the transesterification process using Potassium hydroxide
as catalyst and waste cooking oil and okra seed oil as feedstock is
optimised, resulting in an even higher yield of biodiesel at 97%. Th

results revealed that maximum biodiesel yield of 97% is achieved using
cggshell as a catalyst at 1:6MR, 1.5wt % of catalyst concentration, fixed

stirrer speed of 500 rpm and 1.5 hours reaction time.

Finally. emission tests are conducted to evaluate the emissions produced
during the combustion process. The results showed that CO, HC and FSN
of the B100 and its blends are lower than neat diesel and B20 biodiesel
(20% WCO and okra biodiesel and 80% petroleum diesel) is the optimum
fuel. as it significantly reduces emissions of carbon monoxide and
nitrogen oxides, which are major environmental pollutants while having

better performance than B100,

It is concluded that, this research work successfully demonstrated the
suitability of using waste cooking oil and okra as feedstock and catalysts,
respectively, for the production ol biodiesel. The engine performance,
combustion and emission results show that blending biodiesel with diesel

: i3 R PR improve engine
IS a promising approach to reduce emissions and improv g
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efficiency. The findings of this work are useful for the development of a
sustainable biodiesel production process using waste cooking oil and okra
oil

7.1 FUTURE SCOPE OF WORK

with a growing global demand for alternative energy sources, the
development and optimization of biodiesel production from waste chicken fat
and eggshells can offer a promising solution to the energy crisis. The following
future scope proposes several directions for innovation and research to ensure

the viability of this approach.

» Technological advances and efficiency gains-higher biomass yields per
acre and more gallons of biofuel per ton of biomass-could steadily reduce

the economic cost and environmental impacts of biofuel production.
> Biofuel production will likely be most profitable and environmentally

benign in tropical areas where growing seasons are longer, per acre

biofuel yields are higher, and fuel and other input costs are lower.

» Explore the use of different types of feedstocks, such as mustard or
xplor

jackfruit seed oil. _
; . * the process parameters such as reaction
: : mpact ol

> Investigate the !

. . methanol to WCO and okra ratio on the
action time, and
rature, reac

tempe

yield.
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ABSTRACT

Proton Exchange Membrane (PEM) fuel cells have garnered significant
attention due to their high efficiency and clean energy production. This paper
presents a comprehensive overview of a PEM fuel cell setup, detailing its
components, operation, and applications. The setup comprises five main
athode, proton exchange membrane, bipolar plates,

components the anode, ¢
e, where it

and gas diffusion layers. Hydrogen gas is fed to the anode sid

ic oxidation,

undergoes catalyt releasing protons and electrons. Protons
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CHAPTER 9
CONCLUSION

[n conclusion, proton exchange membrane fuel cells (PEMFCs) off
s) offer a

mmsmg solution to the world's energy needs, providing clean and effi
e 1c1ent

, ration Vv
qoer generation vith minimal environmental impact. Through their abilit
) S HIty 1o

anvert chemical energy directly into electrical energy, PEMFCs hold great
. . . : : od 2 eq
potential o1 widespread adoption in various applications, from transportation to

gationary power generation.

Despit ir
pite their numerous advantages, challenges remain, including cost

reduction, durability improvement, and infrastructure development. However,

ongoing research and technological advancements are steadily addressing these

obstacles, paving the way for PEMECs to become a key player in the transition

towards a sustainable energy future.

M fuel cell technology shows great potential in the

Overall, the PE
inable energy source.

production of electricity sustal
earch, it has the capacity to contribute s

_carbon and ren

With further advancements

ignificantly to the

and continued res
ewable energy future.

transition towards a low

in the development and deployment of PEMFC

ize collaboration between indus
and ensure the widespread

tinue to invest
try, academia,

rucial 10 priorlt
accelerate progress
Jcerted efforts, PEMFCs can play

As we con
. . c
technologY> LR

yencies 1O

and ii'ovcrrlmfll"lt ag
energy solution. With cot

adop tion of this clean
-ations.

sl role in reducing £
VA <
4 MOre sustainable energy landscape for future genel

:-3(3(3"’“:mg

MEE.T, ENGINEERING D00 L EGE
)
GUNDUR, TIRUCHIRAPALL! - rﬂﬁm

»reenhouse gas emissions, mitigating climate change, and

gQ



EXPERIMENTAL INVESTIGATION OF HYDROGEN
PRODUCTION USING DRY CELL ELECTROLYSIS
PROCESS
APROIECT REPORT

Sudmiitted by
LOGESH.M 8124201142238
MANIRKANDAN.R S12420114343
OMRAILESHWARAN.T 812420114300
SHRIVARSHAN.B S12420114385

in partial fulfillment for the awand of the degree
of
BACHELOR OF ENGINEKRING
in
MECHANICAL ENGINKERING
M.LE.T. ENGINEKERING COLLEGE
TIRUCHIRAPPALLY - 620007

I rroareans oo s e |

ANNA UNIVERSITY :: CHIENNAX 600025
MAY 2024

MEET, ENGINEERING DXl ¢ f=
GUNDUR, TIRUCHIRMPALL| - 23 (v



ANNAUNIVERSITY: CHENNAI 600025
BONAFIDE CERTIFICATE

Certiedthat this projeet report “EXPERIMENTAL  INVESTIGATION OF
HYDROGEN PRODUCTION USING DRY CELL ELECTROLYSIS PROCESS ”is

e bonatide work of LOGESH.M (812420114338), MANIKANDAN.R (812420114343),
OMRAILESWARAN.T (812420114369) and SHRIVARSHAN.B (812420114385) who

carried out the project work under my supervision.

\ - .\\__ ="
. \. 3 = ‘\ =

SIGNATURE SIGNATURﬁQ
Dr. B. SELVAM, M.Tech.. Ph.D Mr. RMANICKAM, M.E., (Ph.D)
HEAD OF THE DEPARTMENT SUPERVISOR
Department of Mechanical Engineering Assistant Professor
M.LE.T. Engineering College. Department of Mechanical Engineering
Tiruchirappalli - 620007. M.LE.T. Engineering College,

Tiruchirappalli — 620007.

Submitted to the Project viva voce heldon 3 - 05 2024

\ /N
'\\ ‘-f-\/ [ o

% T
INTERNAL E\.ﬁl’L\“ER EXTERNAL&;& |

MLET, ENGINEERING D0 8 GE
GUNDUR, TIRUCHIRAPALLL - I it



DECLARATION

We hereby declare that the work entitled “EXPERIMENTAL INVESTIGATION
OF HYDROGEN PRODUCTION USING DRY CELL ELECTROLYSIS
PROCESS"is submitted in partial fulfillment of the requirement for the award of
the degree in Bachelor of Engincering, Anna university, Chennai. is a record of our
own work carried oul by us during the academic year 2023 - 2024 under the
supervision and guidance of MR. R MANICKAM.M.L. (Ph.D).

Assistant Professor, Department of Mechanical Engineering, M.LE.T. Engineering

College. Tiruchirappalli.

The extent and source of our information were derived from the existing
literature and have been indicated through the dissertation at the appropriate places.
The content embodied in this work is original and has not been submitted for the
award of any other degree or diploma, either in this or any other university.

. Lo
LBGES 5
M S\
MANIKANDAN.R
‘f Gml
OMKAILESHWARAN.T
SHRIVARSHAN.B

I certify that the declaration made above by the candidate is true.
L

Mr. R.MANI , MLE.,(Ph.D).

Assistant Professor
Department of Mechanical Engineering

M.LE.T. Engineering College. Tiruchirappalli.

MLE T, ENGINEERING COLLEGE
GUNDUR, TIBUCHIRRPALL! - 20 pest




ABSTRACT

At this present modern day, continuous consumption of fossil fuel and
consequent harmful emissions demand is the need for alternative fuel. Water
clectrolysis is the most promising method to produce a Hydrogen-Oxygen (HHO)
mixture. However the less energy consumption is aimed to maximize the HHO
production. The aim of the research is to produce the maximum gas flow rate from
dry cell by modified design configurations. HHO is produced by water electrolysis
in parallel plates are brass plate and rubber gasket using different concentration of
NaOH and KOH. It is also aimed to study the effects of different parameters such
as electrolyte type (NaOH and KOH), electronic concentration, electrode spacing,
clectrolyte temperature, applied current voltage and operating time to maximize
the gas yield in dry cell. Effects of flow current, voltage, electrolyte concentration,
temperature, operating time and electrolyte types on HHO flow rate were studied.
The voltage increase from 2 to 4 VDC led to the electrolyser efficiency increase
to 50% but after that it was decreased. The applied voltage increase from 2 to 11
VDC increased the HHO flow rate from 120 to 460 ml/min. The current increase
from § to 14 A, produced the electrolyser efficiency of 72 % and decreased after
that. The current increase from 6 to 18A, led the actual flow rate increase from
137 to 654 ml/min. After operating time of 30 min., the HHO flow rate reached
the highest stable values of 866, 985, 1040 and 1090 ml/minat 5, 10, 15and 20 g
NaOH concentrations, respectively. The electrolyte concentration of 5 g NaOH in
cell configuration [4C3A19N] and supplied current of 14 A led to the highest HHO
productivity of 866 ml/min and electrolyser efficiency of 72.1%. HHO dry cell is

economical and efficient.

Keywords :- AC to DC Converter , NaOH and KOH , Dry Cell stack , Silicon
gasket , Acrylic tube , Brass Plate , Electrolyte, HHO.
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CHAPTER 10
CONCULSION

In conclusion, the dry cel| electrolyzer is a technology that holds great promise
in the ficld of hydrogen production. It is an electrochemical device that uses water
as a feedstock to produce hydrogen gas, which can be used as a clean and renewable
energy source. The dry cell electrolyzer operates by passing an electric current
through water, causing the water molecules to split into hydrogen and oxygen gases
through a process known as electrolysis. This technology offers several advantages,
including high efficiency, scalability, and the ability to utilize a wide range of water
sources. One of the key advantages of the dry cell electrolyzer is its high efficiency
in hydrogen production. It has the potential to achieve high conversion rates,
meaning that a significant amount of the input energy can be effectively converted
into hydrogen gas. This efficiency makes the dry cell electrolyzer an attractive
option for large-scale hydrogen production, which is crucial for meeting the growing
demand for clean energy. Further more, the dry cell electrolyzer is a scalable
technology, meaning it can be adjusted to different production capacities based on
the required hydrogen output. This scalability makes it suitable for various
applications, from small-scale installations for residential or industrial use to large-
scale hydrogen production for transportation or energy storage. Additionally, the dry
cell electrolyzer has the advantage of being able to utilize different water sources,
including freshwater, seawater, and wastewater. This versatility allows for flexibility
in locating the electrolyzer units and reduces the strain on freshwater resources,
making it a more sustainable option for hydrogen production. However, it is
important to note that there are still challenges that need to be addressed for

widespread adoption of dry cell electrolyzers. These challenges include the cost of
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materials, durability of the electrodes, and the overall system's long-term stability.
Ongoing rescarch and development efforts arc focused on addressing these
challenges and improving the performance and cost effectiveness of dry cell
clectrolyzers. Overall, the dry cell electrolyzer technology shows great potential in
the production of hydrogen as a clean and Sustainable energy source. With further
advancements and continued research, it has the capacity to contribute significantly
to the transition towards a low-carbon and renewable energy future. The electrolysis
process offers significant potential for various industrial, environmental, and energy
applications In conclusion, eclectrolysis represents a promising pathway for
sustainable energy production, environmental protection, and industrial innovation.
With ongoing advancements and support, electrolysis has the potential to become a
corerstone of the clean energy landscape, driving positive impacts for society and
the planet. Electrolysis, driven by renewable energy sources, enables the clean and
efficient generation of hydrogen gas without carbon emissions. This method offers
versatility across industries, from transportation to industry and energy storage,
fostering a transition away from fossil fuels. As electrolyser technologies continue
to advance and costs decline, the scalability and commercial viability of hydrogen
production are steadily improving. applicable in transportation, industry, and energy
storage. Its environmental benefits lie in its potential to decarbonize sectors
traditionally reliant on fossil fuels. Advancements in electrolyser technology,
coupled with the increasing availability of renewable energy sources, Embracing
clectrolytic hydrogen production not only reduces reliance on finite resources but
also mitigates environmental impacts, contributing to efforts to combat climate
change. By investing in and adopting electrolysis for hydrogen production, we can
pave the way for a cleaner, greener future powered by renewable energy and

sustainable practices.
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ABSTRACT

At present scenario agricultural waste bio material are not mostly used
in the production of Syn gas. So we are using agricultural waste bio material
to produce Syn gas. In downdraft gasifier with two stage gasification along
with the steam medium is not widely used. In this present work steam and air
working as a gasification medium to improve carbon conversion efficiency, tar
reduction, gasifier working efficiency.

The experimentation of syn gas from waste bio-material using a two-
stage gasifier employing both air and steam as mediums is a promising avenue
for sustainable energy production. This study aims to investigate the feasibility
and efficiency of this process, offering insights into its potential as an eco-
friendly energy solution.

The two-stage gasification process involves the sequential utilization of
air and steam as gasification agents. This approach aims to optimize gas yield
while minimizing undesired by-products such as tar and char. The choice of
waste bio-material as feedstock underscores the environmental benefits of

utilizing renewable resources for energy generation,

MLET, ENGINEERING D0 8 EGE
GUNDUR, TIRUCHIRAPALL! - ) it



CHAPTER 8
CONCLUSION

The experimentation of syn gas production from waste bio-material in a

wostage gasifier utilizing both air and steam as mediums holds significant
promise 1N addressing environmental and energy challenges. Through our

esearch, we have observed the feasibility of this approach in efficiently
converting waste biomass into valuable synthesis gas, which can be utilized for

various industrial applications, including electricity generation and chemical

synthesis.
The two-stage gasification process offers several advantages, including

improved gas quality, higher gas yield, and better control over the reaction

parameters. By incorporating steam into the gasification process, we have

demonstrated enhanced gasification efficiency and reduced tar content in the C

produced syn gas, thereby enhancing its suitability for downstream applications. :
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ABSTRACT

To design a cyclone separator abatement system for particulate control, it for
circulating fluidized bed gasifier application. In this present work, new the
methods for computing travel distance, numbers of turns and cyclone pressure drop
are studied. The flow pattem and cyclone dimensions determine the travel is
tancein a cyclone. The number of turns is calculated based on this travel distance.
The new theoretical analysis of cyclone pressure drop is tested against measured
data at different inlet velocities and gave excellent agreement. The results show
that cyclone vary with cyclone diameter Cyclone cut-points for different dusts are
traced measured cyclone overall collection efficiencies and the theoretical model
for calculating cyclone overall efficiency. The cut-point correction models 2D
cyclones are developed through regression fit from traced and theoretical cut points
Diameter. Experimental results indicated optimal cyclone design velocities, which
are for 2D cyclones, is determined based on standard air density. It is important to
consider the air density effect on cyclone performance in the design of cyclone
abatement systems. The tangential inlet generates the swirling motion of the gas
stream, which forces particles toward the outer wall where they spiral in the
downward direction. Eventually, the particles are collected in the dust bin locate
the bottom of the conical section of the cyclone body. The cleaned gas leaves
through the exit pipe at the top. The ash content are collected by an ash collection

box, it’s fitted in the bottom of cyclone separator.
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CHAPTER 7

CONCLUSION

It is observed from the efficiency formula that an increase in the density. Number
of turns increases the device’s efficiency which is similar to the conclusion which
can be made from centrifugal force equation (i.e., increase in particle weight

increases centrifugal force which helps in better separation).

Cyclone separators arc mechanical systems that control particulate emissions by

use of centrifugal separation process. Static pressure drop is the most important

factor in evaluating the performance
Cyclone dimensions, inlet particulate speed and particulate

of this pollutant control device. Other factors

such as particulate size,

concentration 1in air are very essential in evaluating the cyclone collection

performance. The cyclone particulates collection efficiency increases with

increasing particulate size. Thus large diameter cyclones are most effective
removing large particulates from large particulates — laden gas steam. Cyclonic

separation remains one of the most effective particulate pollutant control measures.

If the size of sample is the collection efficiency is almost same for the sample.

With an increas€ in density of the sample, collection efficiency increases linearly.

For the same velocity (or for the same power consumption). Highly dense particles

ith higher collection efficiency compare to low dense particles

are removes W

34
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ABSTRACT

This project presents the design and (abrication of a ball mill
integrated with a vibrating step-up mechanism. Powder metallurgy (PM) is
avored for its efficient output across various industries. The

mills within PM

increasingly |
study delves into the application of vibrating ball
processing, emphasizing their pivotal role in enhancing powder mixing and
grinding. The vibrating ball mill showcases notable advantages, including
heightened mixing efficiency, reduced processing durations, and operability

under controlled atmospheres. However, a significant challenge lies in the
time-consuming nature of powder processing conditioning. Traditional ball
mills for powder blending often prolong the process, hindering efficiency.
To address this drawback, a vibrating source is introduced to facilitate easier
blending. The project assesses the time required for powder blending and
outlines procedures to optimize efficiency in powder metallurgy processing.
By introducing ‘nnovative methodologies, this project seeks to streamline

the powder blending process, thereby enhancing productivity and output

quality in powder metallurgy applications.
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CHAPTER 7
CONCLUSION

The integration of double-axis movement and vibration into our powder
aetallurgy blinding machine represents a significant advancement in powder
processing technology. We have demonstrated the tangible benefits of these
innovations, including enhanced mixing and blending efficiency, improved material
homogeneity, and reduced processing time. By introducing movements in we achieved
better dispersion of powder particles leading to a more uniform blend and eliminating
the risk of uneven distribution. Additionally,the incorporation of vibration effectively
broke up agglomerates, ensuring thorough inter-particle interactions and further

enhancing the homogeneity of the final mixture. These enhancements not only improve
tivity and
f'this

the quality of powdered materials but also contribute to increased produc

cost-effectiveness in powder metallurgy processes. Moving forward, the success 0

project underscores the importance of continuous innovation in manufacturing

technologies, driving advancements that elevate the performance and reliability of

industrial processes wWith further refinement and optimization, the principles

demonstrated in this projec .
hodologies and pave the way for future developments in the field of metallurgy and
methodologie

t hold the potential to revolutionize powder processing

beyond.
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ABSTRACT

Biomass gasification is g promising technology that converts organic
materials such as agricultural residues, forest residues, and energy crops into
clean, renewable energy sources such as syngas and biochar. This process
involves thermo chemical conversion in a controlled environment, resulting in
the production of a combustible gas primarily composed of hydrogen, carbon
monoxide, and methane. The syngas generated can be utilized for various
applications including electricity generation, heat production, and biofuels
synthesis. Biomass gasification offers several advantages including reduced
greenhouse gas emissions, potential for waste valorization, and energy security.
However, challenges such as feedstock availability, technological complexity,
and economic viability need to be addressed for widespread adoption. This
abstract provides an overview of biomass gasification technology, its
applications, benefits, challenges, and future prospects in the transition towards

a sustainable energy future.

Circulating Fluidized Bed (CFB) gasification has emerged as a versatile
and efficient technology for converting various feedstock’s into valuable
syngas. This abstract delves into the fundamental principles and operational
mechanisms of CFB gasifier, highlighting their unique capabilities in handling a
wide range of biomass, coal, and waste materials. By suspending particles in a
fluidized state, CFB gasifier offer enhanced heat and mass transfer, facilitating
through conversion and minimizing tar formation. This abstract explores recent
developments, challenges, and future prospects of CFB gasification,
emphasizing its role in advancing towards a cleaner and more sustainable

energy landscape.
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CHAPTER §
CONCLUSION

In conclusion, the design and fabrication of the shell-and-tybe heat excha
nger

nd wet scrubber have been successfully completed. Through careful consideratjc,
n

of factors such as heat transfer féquirements, materia| selection, and Operational

(fficiency; both systems have been tailored to meet the specific needs of the

application. The shell-and-tube heat exchanger provides efficient heat transfer

and safety. Overall, these systems represent reliable and efficient solutions for heat

rransfer and pollution control in industria] processes.
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ABSTRACT

The present work aims to produce biodiesel from okra seed oil with a
catalyst of sodium methoxide (NaOCH;) and evaluate the performance of
compression ignition (CI) engine. Biodiesel is an alternative source to world
petroleum reserves due to rapidly growing energy demands coupled with
environmental concerns has prompted the efforts to explore some alternative
sources of petroleum-based fuels.

Okra seed oil is a novel feedstock for biodiesel production. Oil extraction
using cold press method gave better result when compared to solvent extraction
method. Since, the extracted oil has acid value of 35.2 mgKOH/g of oil, it was
subjected to esterification process using hydrochloric acid.

The esterified oil was subjected to biodiesel production using
homogeneous catalysts of sodium methoxide (NaOCH;) gave maximum
biodiesel yield of 96.8% at reaction conditions of 1:6 molar ratio, 2 wt.% of
catalyst, reaction time of 2 hours, temperature of 63°C and 600rpm. The
properties of produced biodiesel was within the limits of ASTM D6751 standard.

Next, the produced okra oil biodiesel was investigated to study the
performance, combustion and emission characteristics of compression ignition
(CI) engine. The performance characteristics examined include brake thermal
efficiency (BTE) and brake specific fuel consumption (BSFC). The emission
characteristics measured include carbon monoxide (CO), carbon dioxides (CO2),
hydrocarbons (HC), oxides of nitrogen (NOx) and smoke.

The results showed that the biodiesel produced from okra seed oil it had

BTE and lower BSFC compared to diesel. The cylinder pressure and heat release
rate characteristics of the produced biodiesel were evaluated using a combustion
analyser and the result showed that biodiesel produced from okra seed oil
exhibited superior combustion characteristics than diesel. The emissions

characteristics than diesel. The emissions characteristics of produced biodiesel
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produced from okra oil exhibited superior combustion characteristics than
diesel. The emissions characteristics of produced biodiesel were also analyzed
and compared to diesel and the result showed that the emissions of CO, HC, and
NOx were lower for the biodiesel produced from okra seed oil compared to
diesel. In conclusion this study demonstrates the potential of using catalysts for
producing biodiesel from okra seed oil in suitability for use on diesel engine.
Finally, it is concluded that the development of a sustainable and
ehvironmentally friendly biodiesel production process that is used on diesel

engine.
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CHAPTER
CONCLUSIQN

| oil extraction using cold presg method gy, bett
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CT resy]t Whep

olvent extraction method. Since, the €Xtracted
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oil hag acid vy
KOH/g of oil, it was subjected tq ester
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nvdrochloric acid.

reaction time of 2 hours, temperature of 63

of produced biodiese] wag within the limits of ASTM D675] standard,
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In addition, combustion tests are conducted to determine the optimal fue

ratio ang residence time. The result showed that the optimal fuel- air ratio

1s1:18 and the residence time i

s 3 seconds for the complete combustion of
b

i heat
lodiese], The results of the engine study shows that the maximum

emissions
Telease rate. Finally, emission tests are conducted to evaluate the
Produceq during the combustion process.
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ABSTRACT

Polishing is a surface machining process used to provide a product a high
quality finished surface. To determine a material's microstructure, a metallographic
specimen analysis should be performed, Polishing is one step in the preparation of
a metallographic specimen. The designing and manufacturing a polishing machine
will be very helptul in the process of polishing the metallographic specimen. The
purpose of this project was to design and manufacturing a polishing machine on a
laboratory scale. The project involves a number of process stages, including model
design, tool and material preparation, component fabrication and assembly of the
polishing machine. This machine can be used for polishing different materials such
as metals, plastics, and ceramics. After the fabrication of this polishing machine, it
is observed that a good surface finish can be achieved. This polishing machine's
performance was evaluated during the testing phase in terms of surface roughness
and material removal rate. The results demonstrated outstanding repeatability and
uniformity in producing perfect surface finishes when examining microstructural
characteristics under microscope. This polishing machine performs well and can be

used for metallographic testing by students and researchers.
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CHAPTER 7
CONCLUSION

The polishing machine has successfully completed its design and

development. The following conclusion can be made from this project.

The polishing machine designed consists of motors, spindle heads, and each
spindle head carries a rotary disc. The rotary disc is mounted on the spindle
head.

The machine's key features, the disc-type design allows for uniform pressure
distribution across the workpiece. Adjustable rotational speed enables
customization for different materials and finishing requirements.

This machine can be used for polishing different materials such as metals,
plastics, and ceramics. After the fabrication of this polishing machine, it is
observed that a good surface finish can be achieved.

The performance of the polishing machine was assessed during the testing
phase based on surface roughness and material removal rate. The results
demonstrated remarkable consistency and repeatability in achieving desirable
surface finishes, critical for accurately examining microstructural details
under microscopy.

* The polishing machine that was designed is a useful instrument for
metallurgical research and quality control in laboratories and companies. It
enabling precise and reproducible preparation of specimens for detailed

microstructural analysis.
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ABSTRACT

In order to get proper syngas production from waste such as various bio masses in
single stage gasification under without Catalyst is not possible. To improve the
syngas production from various biomass it must have some potential density in
present inside the reaction chamber so that Pellets consists of Sesame stalks, Hemp,
Tamarind shell is having potential to work in gasification chamber because of its
density. This material is feed into two stage downdraft gasifier the zone of pyrolysis,
oxidation and reduction in which the whole biogas enter zone according to the fixed
equivalent ratio. In this present work the waste bio material feed in pellet mode,
fixed equivalance ratio and dolomite as working catalyst. This study explores syngas
production through various methods, including steam reforming, partial oxidation,
and biomass gasification. It examines the principles, processes, and technological
advancements in each method, emphasizing their efficiency, environmental impact,
and economic feasibility. Additionally, the abstract highlights the importance of
syngas as a versatile precursor for producing fuels, chemicals, and materials, and
discusses potential future research directions in this field syngas production while
mitigating environmental concerns. Furthermore, it underscores the significance of
syngas in the transition towards sustainable energy systems and the circular

economy, fostering innovation and collaboration across academia, industry.
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CHAPTER 8
CONCLUSION

In conclusion, the entrained flow gasifier project represents a
significant stridle towards sustainable energy production and
environmental stewardship. Through meticulous design, rigorous
experimentation, and comprehensive analysis, this project has provided
valuable insights into the operation and optimization of entrained flow

gasification technology.

The successful implementation of the gasifier showcases its
potential as a viable alternative for converting biomass, coal, or waste
materials into valuable syngas, which can be utilized for various
industrial applications, including electricity generation, chemical
synthesis, and fuel production. Moreover, the efficient utilization of
feedstock and the minimal production of harmful emissions underscore
the environmental benefits of this technology, contributing to the global

efforts in mitigating climate change and reducing reliance on fossil
fuels.
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ABSTRACT

Entrained flow gasification is a promising technology for converting solid
fuels into syngas, which can be further utilized for various applications such as
power generation, chemical synthesis, and fuel production. In this study, we
investigate the behavior of an entrained flow gasifier within a reactor core,
focusing on its efficiency, performance, and environmental impact. The reactor
core design plays a crucial role in determining the gasifier's performance. By
optimizing the core geometry, residence time, and temperature distribution, we
aim to enhance gasification efficiency and syngas quality. Computational fluid
dynamics simulations are employed to analyze the flow dynamics, heat transfer,
and chemical reactions within the gasifier. Environmental considerations are also
addressed, with a focus on reducing emissions of pollutants such as particulate
matter, tar, and sulfur compounds. Advanced gas cleaning techniques, including
catalytic conversion and scrubbing, are evaluated for their effectiveness in

meeting regulatory standards and ensuring environmental sustainability.
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CHAPTER ¢
CONCLUSION

ln.Lonf,lu.smn, the utilization of entrained flow gasification technology
for processing juliflora offers a promising avenue for sustainable biomass
conversion. Juliflora, known for its fast growth and adaptability to arid
environments, presents a renewable and abundant feedstock for gasification
processes.Entrained flow gasification, characterized by high temperatures and
efficient mixing of feedstock and gasifying agents, provides several advantages
in converting juliflora into syngas. The technology offers precise control over
temperature distribution, facilitating optimal reaction kinetics and maximizing

gasification efficiency.

By leveraging entrained flow gasification, juliflora can be efficiently

converted into a clean syngas suitable for various energy and chemical

applications. Additionally, the process can help address environmental

challenges associated with juliflora invasiveness by providing an economically

viable means of biomass utilization fabricate the reactor core .Overall, entrained
i

fl gaSiﬁcation holds significant promise as a sustainable solution for
oW

converting julifl
mental conse

ora biomass into valuable energy products, contributing to both

_ rvation and energy security objectives.
environ
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ABSTRACT

Fumnaces are used to heat Solid Materials to change their shape or properties.
Melting furnace is mainly made with non-ferrous metals. An electrical resistance
heating furnace is a type of heating system that uses electrical resistance to generate
heat. This work developed an electric- powered crucible furnace for the purpose of
melting aluminium scraps. It typically consists of heating elements, such as coils or
wires, that produce heat when an electric current passes through them. These
furnaces are commonly used for space heating in homes and buildings, as well as in
industrial applications for processes like melting metals or drying materials. The
heating process is fundamentally based on electromagnetic means and graphite was
selected as the crucible material. This furnace is a modified model appropriate for
labs and workshops. The furnace is intended to provide efficient and controlled
heating for various materials, including metals, ceramics, and composites. The liquid
aluminium is poured to a desired shape and size either a aluminium block or final

product.
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CHAPTER 7
CONCLUSION

A custom-designed electrical resistance heating furnace was developed
8 Opc

_‘T,e,;iﬂcally for melting non-ferrous materials, During testing, aluminum weighing
05 kg was melted, with continuous recording of temperature and timing as the
mmace ramped up. The heating and melting rates were found to be comparable to
those of standard furnaces, achieving temperatures well over 950°C within 210
minutes and melting the initial charge in approximately the same time frame.
Following the furnace's successful performance, sand and die casting samples were
prepared and subjected to hardness testing using a machine. The results revealed a
hardness value of 215gm, representing approximately 71.66% compared to

established standards, indicating a favorable outcome.
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ABSTRACT

Many rescarchers required scecondary machining processes for casted
components such as forging and direct extrusion for developing material data. The
existing direct extrusion machines are larger in size so it is not able to move from
one place to another place. The direct extrusion machine contains two major
processes such as heating the billet and loading the unit. In this research heating
chamber is only planned to designed and developed as a portable unit and load can
be applied by using a Universal testing machine (UTM). Direct extrusion stands as a
fundamental metal working process so this study aims the model and simulate of
direct extrusion process. The heating chamber with die setup is produced for
temperatures up to 500°C. The metals having re crystallization temperatures up to
350°C can be extruded with an direct extrusion ratio 64:1. The setup is designed and
developed. The extruded metal is characterized by measuring the properties such as,
hardness, impact strength and Density. The performance of the direct extrusion setup
through the measured properties. The toughness, hardness, relative density of
AA6063 are 22.3 joules, 51.2 HRB and 98.14% respectively. The determined
mechanical properties are more closure (o the theoretical values of AA6063 alloy so

this portable direct extrusion machine can be used for producing extruded rods.
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CHAPTER 5
CONCLUSION

. { Conclusion
3'

The portable direct extrusion machine was designed and developed for

Jking extrusion of various non-ferrous alloys having recrystallizatiop
MARITES -

emperature of 500°C . Mechanical tests such as density, hardness and toughness

for extruded aluminium alloy 6063 and the following conclusions are made from

the experimental investigations.

0.

. The portable direct extrusion machine can be used to the maximum billet

heating temperature of 500°C.

. Extrusion of various non-ferrous metals and alloys billets can be made into

rods,

- The maximum relative density of 98.14% was obtained and it can be applied

as secondary manufacturing process.

The portable machine is capable to measure the heating coil temperature as
well as inside billet temperature.

The extruded AAG063 alloy hardness was very closure to the actual
theoretical hardness value. The relative hardness value of 96.67% was
determined after extrusion.

There was no cracks and hot tears were not identified on the extruded
AAG(OG63.

. The toughness value of AAG063 was determined and it is very closure to the

other rescarcher values.
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ABSTRACT

Coconut is widely used from cooking to beauty products. In food industry,
large amount of coconut is used and it requires more effort to scrap the
endosperm from the coconut shell. The existing coconut scrapping machines
are not fully automated and it still needs to hold the coconut shell to scrap the
endosperm which is used from household application to commercial
application. The existing scrapping machine causes injury to hand and not safe
while scrapping the endosperm from the coconut shell. It is a labour intensive
and time consuming process. To avoid this, a special device is required to scrap
out the endosperm from the coconut shell. In this project, a coconut gripper is
designed and fabricated to hold any shape and size of a coconut shell. Then a
multipoint blade is designed and fabricated with required stiffness to scrap the
coconut endosperm. The scrapping blade is fixed at left end and the gripper is
moved to the blade from the right end. The motors are used to provide the
linear and rotary motion of the gripper based on speed and torque
requirements. The screw rod is also used in between the supporting shafts
which helps the gripper to move linear motion. Then the control switch setup is
arranged to control the gripper at forward and reverse direction. Finally, a
coconut scrapping machines is designed and fabricated which reduces the risk
of injury, increasing the productivity to scrap the endosperm and reducing the
need to hold the coconut shell while scrapping which is benefited to both

household and commercial application.
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CHAPTER 6
CONCLUSION

The coconut endosperm scrapping machine is a essential equipment to
scrapping the endosperm from coconut shell. This coconut scrapper is might be
suitable for household appliance and it can be used for commercial application.
In this project, a coconut endosperm scrapping machine in designed and

fabrication with a low cost for commercial and household appliance.

This coconut endosperm scrapping machine consists of frame, motor,
lead screw rod, operating swithes and blades

* The frame is designed and fabricated according to the total load
acting on the frame.

* The motor set up is designed and fabricated to rotate the coconut
shell holder and drive the lead screw mechanism.

* The lead screw rod is designed and fabricated to drive the coconut
shell holder block in forward and backward motion.

* The blade is designed and fabricated such a way that, it scrapping the
endosperm from the coconut shell,

The SCrapping machine parts are assembled and final equipment was

Obtaineq The performance of the Setup was examined and it scrap the coconut
€ndosperm efficiently,
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ABSTRACT

Biomass gasification has emerged as a promising technology for
converting organic materials into clean energy sources such as syngas, biofuels,
and hydrogen. This process involves the partial oxidation of biomass in a
controlled environment to produce a synthesis gas rich in hydrogen and carbon

monoxide.

The produced syngas can be utilized for various applications. including
power generation, heat production, and biofuel synthesis, offering a versatile
solution for energy needs. This abstract provides an overview of biomass

gasification technology, its operating principles, and key process parameters.

It discusses the types of biomass feedstocks suitable for gasification and
explores the various reactor configurations and gasification methods employed.
Furthermore, it highlights the environmental benefits of biomass gasification,
including reduced greenhouse gas emissions and mitigation of waste disposal

issues.

The abstract also addresses the challenges associated with biomass
gasification, such as feedstock variability, tar formation, and reactor fouling,
along with ongoing research efforts and technological advancements aimed at

overcoming these obstacles.

Moreover, the project report highlights the environmental benefits and
economic feasibility of EFG technology, showcasing its potential to convert
diverse feedstock into valuable syngas while minimizing emissions and waste.
Insights gleaned from this study contribute to advancing the understanding the
optimization of EFG systems, paving the way for their widespread adoption in

sustainable energy production and industrial application.
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CHAPTER 9
CONCLUSION

In conclusion, the entrained flow gasifier project represents a significant

tride towards sustamable energy production and environmental stewardship.
S L

Through meticulous design. rigorous experimentation, and comprehensive

analysis, this project has provided valuable insights into the operation and

optimization of entrained flow gasification technology.
The successful implementation of the gasifier showcases its potential as a

viable alternative for converting biomass, coal. or waste matenals into valuable

syngas. which can be utilized for various industrial applications, including

electricity generation, chemical synthesis, and fuel production. Moreover, the

efficient utilization of feedstock and the minimal production of harmful

emissions  underscore  the environmental  benefits  of  this technology,

contributing to the global efforts in mitigating climate change and reducing
reliance on fossil fucls.
Furthermore, the collaborative cfforts mvolved in this project. spanning

across multidisciplinary teams and stakcholders. exemplity the Importance of

cooperation and knowledge sharing in advancing technological solutions for a
Sustainable future,

Thus, the experiment is conducted and the amount of heat transfer
eflectivenes

and the

s of heat transfer is calculated. From our project we have shown that

the spiral tybe heat exchanger's effectiveness is more than the normal paralje]

flow heat exchanger.

The conclusion from their investigations is that scrubber efficiency
depends on energy input per unit of gas flow, whether energy is supplied to the
ar gr the water (contact power theory). This conclusion applies only 19@%!«"

Bl s >d n the gas-hquid corn@Nepa,
desj i when the energy is expended in the gas MLE T, ENGIN %mums
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ABSTRACT

Development of sustainable energy resources is the need of present day in
view of the depleting energy resources and increase in the energy demand
throughout the world. On the other hand, fossil fuel combustion emits harmful
pollutants like oxides of carbon, sulfur, nitrogen and particulate matters, which
causes atmospheric pollution. Biodiesel as alternative fuels have various
advantages over the fossil fuels such as its renewability, lesser emission of
atmospheric pollutants and flexibility to produce from variety of feedstock.
Waste cooking oil can be used as a potential feedstock for biodiesel production.
Disposal of waste cooking oil itself an environmental challenge due to its
adverse environmental impact. Transesterification is the key process for
synthesis of biodiesel production with low cost and under mild reaction
condition.

The objective of the present work is to produce biodiesel from waste
cooking oil mixed with okra seed oil using a homogeneous catalyst. Since the
extracted oil has acid value of 12.5 mg KOH/g of oil, it was subjected to
esterification process using hydrochloric acid. The maximum biodiesel yield of
97% was obtained under the optimum conditions of molar ratio of 1:6, catalyst
concentration of 1.5wt.% (KOH), reaction time of 1.5 hours, at temperature 62°C
and 500rpm stirring speed. The biodiesel properties meet the ASTM D7651
standards.

The second objective of the works is to investigate the working
characteristics of the produced biodiesel on a compression ignition engine,
including its performance, combustion, and emission. In addition, the
antioxidant (propyl gallate) 1% was added to the biodiesel and investigated for

engine performance. The performance characteristics examined include brake
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CHAPTER 7
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» The present work focused on the production of biodie

sel from waste
cookmg o1l and okra oil. The

results of FTIR confirmed th

at complete
ranstormation of biodiesel

Furthermore, the yield of the esterification process using WCO and okra

feedstock was optimised under specific conditions. resulting in a yie

Id of
97

“0. Similarly, the transesterification process using Potassium hydroxide
as catalyst and waste cooking oil and okra seed oil as feedstock is
optimised, resulting in an even higher yield of biodiesel at 97%. Th

results revealed that maximum biodiesel yield of 97% is achieved using
cggshell as a catalyst at 1:6MR, 1.5wt % of catalyst concentration, fixed

stirrer speed of 500 rpm and 1.5 hours reaction time.

Finally. emission tests are conducted to evaluate the emissions produced
during the combustion process. The results showed that CO, HC and FSN
of the B100 and its blends are lower than neat diesel and B20 biodiesel
(20% WCO and okra biodiesel and 80% petroleum diesel) is the optimum
fuel. as it significantly reduces emissions of carbon monoxide and
nitrogen oxides, which are major environmental pollutants while having

better performance than B100,

It is concluded that, this research work successfully demonstrated the
suitability of using waste cooking oil and okra as feedstock and catalysts,
respectively, for the production ol biodiesel. The engine performance,
combustion and emission results show that blending biodiesel with diesel

: i3 R PR improve engine
IS a promising approach to reduce emissions and improv g
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efficiency. The findings of this work are useful for the development of a
sustainable biodiesel production process using waste cooking oil and okra
oil

7.1 FUTURE SCOPE OF WORK

with a growing global demand for alternative energy sources, the
development and optimization of biodiesel production from waste chicken fat
and eggshells can offer a promising solution to the energy crisis. The following
future scope proposes several directions for innovation and research to ensure

the viability of this approach.

» Technological advances and efficiency gains-higher biomass yields per
acre and more gallons of biofuel per ton of biomass-could steadily reduce

the economic cost and environmental impacts of biofuel production.
> Biofuel production will likely be most profitable and environmentally

benign in tropical areas where growing seasons are longer, per acre

biofuel yields are higher, and fuel and other input costs are lower.

» Explore the use of different types of feedstocks, such as mustard or
xplor

jackfruit seed oil. _
; . * the process parameters such as reaction
: : mpact ol

> Investigate the !

. . methanol to WCO and okra ratio on the
action time, and
rature, reac

tempe

yield.
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ABSTRACT

Proton Exchange Membrane (PEM) fuel cells have garnered significant
attention due to their high efficiency and clean energy production. This paper
presents a comprehensive overview of a PEM fuel cell setup, detailing its
components, operation, and applications. The setup comprises five main
athode, proton exchange membrane, bipolar plates,

components the anode, ¢
e, where it

and gas diffusion layers. Hydrogen gas is fed to the anode sid

ic oxidation,

undergoes catalyt releasing protons and electrons. Protons
wough the PEM to the cathode, whi
power. At the cathode, oxygen gas reacts

Key factors

migrate tl le electrons travel through an
external circuit, generating electrical
s, forming water as the only byproduct.

with protons and electron
emperature, humidity,

1g the performance of the PEM fuel cell include t
ptimization of these parameters
f PEM

affectir
atalysts. Proper control and o
ng efficiency and durability. Applications 0
ower systems to

pressure, and ¢

are essential for maximizi
table electronics and backup p

fuel cells range from por
ration. Their versatility, high power

transportation and stationary power gene

make them a promising solution for

density, and low emissions

clean energy needs.
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CHAPTER 9
CONCLUSION

[n conclusion, proton exchange membrane fuel cells (PEMFCs) off
s) offer a

mmsmg solution to the world's energy needs, providing clean and effi
e 1c1ent

, ration Vv
qoer generation vith minimal environmental impact. Through their abilit
) S HIty 1o

anvert chemical energy directly into electrical energy, PEMFCs hold great
. . . : : od 2 eq
potential o1 widespread adoption in various applications, from transportation to

gationary power generation.

Despit ir
pite their numerous advantages, challenges remain, including cost

reduction, durability improvement, and infrastructure development. However,

ongoing research and technological advancements are steadily addressing these

obstacles, paving the way for PEMECs to become a key player in the transition

towards a sustainable energy future.

M fuel cell technology shows great potential in the

Overall, the PE
inable energy source.

production of electricity sustal
earch, it has the capacity to contribute s

_carbon and ren

With further advancements

ignificantly to the

and continued res
ewable energy future.

transition towards a low

in the development and deployment of PEMFC

ize collaboration between indus
and ensure the widespread

tinue to invest
try, academia,

rucial 10 priorlt
accelerate progress
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technologY> LR
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ABSTRACT

At this present modern day, continuous consumption of fossil fuel and
consequent harmful emissions demand is the need for alternative fuel. Water
clectrolysis is the most promising method to produce a Hydrogen-Oxygen (HHO)
mixture. However the less energy consumption is aimed to maximize the HHO
production. The aim of the research is to produce the maximum gas flow rate from
dry cell by modified design configurations. HHO is produced by water electrolysis
in parallel plates are brass plate and rubber gasket using different concentration of
NaOH and KOH. It is also aimed to study the effects of different parameters such
as electrolyte type (NaOH and KOH), electronic concentration, electrode spacing,
clectrolyte temperature, applied current voltage and operating time to maximize
the gas yield in dry cell. Effects of flow current, voltage, electrolyte concentration,
temperature, operating time and electrolyte types on HHO flow rate were studied.
The voltage increase from 2 to 4 VDC led to the electrolyser efficiency increase
to 50% but after that it was decreased. The applied voltage increase from 2 to 11
VDC increased the HHO flow rate from 120 to 460 ml/min. The current increase
from § to 14 A, produced the electrolyser efficiency of 72 % and decreased after
that. The current increase from 6 to 18A, led the actual flow rate increase from
137 to 654 ml/min. After operating time of 30 min., the HHO flow rate reached
the highest stable values of 866, 985, 1040 and 1090 ml/minat 5, 10, 15and 20 g
NaOH concentrations, respectively. The electrolyte concentration of 5 g NaOH in
cell configuration [4C3A19N] and supplied current of 14 A led to the highest HHO
productivity of 866 ml/min and electrolyser efficiency of 72.1%. HHO dry cell is

economical and efficient.

Keywords :- AC to DC Converter , NaOH and KOH , Dry Cell stack , Silicon
gasket , Acrylic tube , Brass Plate , Electrolyte, HHO.
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CHAPTER 10
CONCULSION

In conclusion, the dry cel| electrolyzer is a technology that holds great promise
in the ficld of hydrogen production. It is an electrochemical device that uses water
as a feedstock to produce hydrogen gas, which can be used as a clean and renewable
energy source. The dry cell electrolyzer operates by passing an electric current
through water, causing the water molecules to split into hydrogen and oxygen gases
through a process known as electrolysis. This technology offers several advantages,
including high efficiency, scalability, and the ability to utilize a wide range of water
sources. One of the key advantages of the dry cell electrolyzer is its high efficiency
in hydrogen production. It has the potential to achieve high conversion rates,
meaning that a significant amount of the input energy can be effectively converted
into hydrogen gas. This efficiency makes the dry cell electrolyzer an attractive
option for large-scale hydrogen production, which is crucial for meeting the growing
demand for clean energy. Further more, the dry cell electrolyzer is a scalable
technology, meaning it can be adjusted to different production capacities based on
the required hydrogen output. This scalability makes it suitable for various
applications, from small-scale installations for residential or industrial use to large-
scale hydrogen production for transportation or energy storage. Additionally, the dry
cell electrolyzer has the advantage of being able to utilize different water sources,
including freshwater, seawater, and wastewater. This versatility allows for flexibility
in locating the electrolyzer units and reduces the strain on freshwater resources,
making it a more sustainable option for hydrogen production. However, it is
important to note that there are still challenges that need to be addressed for

widespread adoption of dry cell electrolyzers. These challenges include the cost of
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materials, durability of the electrodes, and the overall system's long-term stability.
Ongoing rescarch and development efforts arc focused on addressing these
challenges and improving the performance and cost effectiveness of dry cell
clectrolyzers. Overall, the dry cell electrolyzer technology shows great potential in
the production of hydrogen as a clean and Sustainable energy source. With further
advancements and continued research, it has the capacity to contribute significantly
to the transition towards a low-carbon and renewable energy future. The electrolysis
process offers significant potential for various industrial, environmental, and energy
applications In conclusion, eclectrolysis represents a promising pathway for
sustainable energy production, environmental protection, and industrial innovation.
With ongoing advancements and support, electrolysis has the potential to become a
corerstone of the clean energy landscape, driving positive impacts for society and
the planet. Electrolysis, driven by renewable energy sources, enables the clean and
efficient generation of hydrogen gas without carbon emissions. This method offers
versatility across industries, from transportation to industry and energy storage,
fostering a transition away from fossil fuels. As electrolyser technologies continue
to advance and costs decline, the scalability and commercial viability of hydrogen
production are steadily improving. applicable in transportation, industry, and energy
storage. Its environmental benefits lie in its potential to decarbonize sectors
traditionally reliant on fossil fuels. Advancements in electrolyser technology,
coupled with the increasing availability of renewable energy sources, Embracing
clectrolytic hydrogen production not only reduces reliance on finite resources but
also mitigates environmental impacts, contributing to efforts to combat climate
change. By investing in and adopting electrolysis for hydrogen production, we can
pave the way for a cleaner, greener future powered by renewable energy and

sustainable practices.
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ABSTRACT

At present scenario agricultural waste bio material are not mostly used
in the production of Syn gas. So we are using agricultural waste bio material
to produce Syn gas. In downdraft gasifier with two stage gasification along
with the steam medium is not widely used. In this present work steam and air
working as a gasification medium to improve carbon conversion efficiency, tar
reduction, gasifier working efficiency.

The experimentation of syn gas from waste bio-material using a two-
stage gasifier employing both air and steam as mediums is a promising avenue
for sustainable energy production. This study aims to investigate the feasibility
and efficiency of this process, offering insights into its potential as an eco-
friendly energy solution.

The two-stage gasification process involves the sequential utilization of
air and steam as gasification agents. This approach aims to optimize gas yield
while minimizing undesired by-products such as tar and char. The choice of
waste bio-material as feedstock underscores the environmental benefits of

utilizing renewable resources for energy generation,
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CHAPTER 8
CONCLUSION

The experimentation of syn gas production from waste bio-material in a

wostage gasifier utilizing both air and steam as mediums holds significant
promise 1N addressing environmental and energy challenges. Through our

esearch, we have observed the feasibility of this approach in efficiently
converting waste biomass into valuable synthesis gas, which can be utilized for

various industrial applications, including electricity generation and chemical

synthesis.
The two-stage gasification process offers several advantages, including

improved gas quality, higher gas yield, and better control over the reaction

parameters. By incorporating steam into the gasification process, we have

demonstrated enhanced gasification efficiency and reduced tar content in the C

produced syn gas, thereby enhancing its suitability for downstream applications. :
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ABSTRACT

To design a cyclone separator abatement system for particulate control, it for
circulating fluidized bed gasifier application. In this present work, new the
methods for computing travel distance, numbers of turns and cyclone pressure drop
are studied. The flow pattem and cyclone dimensions determine the travel is
tancein a cyclone. The number of turns is calculated based on this travel distance.
The new theoretical analysis of cyclone pressure drop is tested against measured
data at different inlet velocities and gave excellent agreement. The results show
that cyclone vary with cyclone diameter Cyclone cut-points for different dusts are
traced measured cyclone overall collection efficiencies and the theoretical model
for calculating cyclone overall efficiency. The cut-point correction models 2D
cyclones are developed through regression fit from traced and theoretical cut points
Diameter. Experimental results indicated optimal cyclone design velocities, which
are for 2D cyclones, is determined based on standard air density. It is important to
consider the air density effect on cyclone performance in the design of cyclone
abatement systems. The tangential inlet generates the swirling motion of the gas
stream, which forces particles toward the outer wall where they spiral in the
downward direction. Eventually, the particles are collected in the dust bin locate
the bottom of the conical section of the cyclone body. The cleaned gas leaves
through the exit pipe at the top. The ash content are collected by an ash collection

box, it’s fitted in the bottom of cyclone separator.

P‘;):\cw&L i el
MEE.T, ENGINEERING Do 1 sGE | - :
GUNDUR, TIRUCHIRMPALL | - 20 (e 7 :




CHAPTER 7

CONCLUSION

It is observed from the efficiency formula that an increase in the density. Number
of turns increases the device’s efficiency which is similar to the conclusion which
can be made from centrifugal force equation (i.e., increase in particle weight

increases centrifugal force which helps in better separation).

Cyclone separators arc mechanical systems that control particulate emissions by

use of centrifugal separation process. Static pressure drop is the most important

factor in evaluating the performance
Cyclone dimensions, inlet particulate speed and particulate

of this pollutant control device. Other factors

such as particulate size,

concentration 1in air are very essential in evaluating the cyclone collection

performance. The cyclone particulates collection efficiency increases with

increasing particulate size. Thus large diameter cyclones are most effective
removing large particulates from large particulates — laden gas steam. Cyclonic

separation remains one of the most effective particulate pollutant control measures.

If the size of sample is the collection efficiency is almost same for the sample.

With an increas€ in density of the sample, collection efficiency increases linearly.

For the same velocity (or for the same power consumption). Highly dense particles

ith higher collection efficiency compare to low dense particles

are removes W

34
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ABSTRACT

This project presents the design and (abrication of a ball mill
integrated with a vibrating step-up mechanism. Powder metallurgy (PM) is
avored for its efficient output across various industries. The

mills within PM

increasingly |
study delves into the application of vibrating ball
processing, emphasizing their pivotal role in enhancing powder mixing and
grinding. The vibrating ball mill showcases notable advantages, including
heightened mixing efficiency, reduced processing durations, and operability

under controlled atmospheres. However, a significant challenge lies in the
time-consuming nature of powder processing conditioning. Traditional ball
mills for powder blending often prolong the process, hindering efficiency.
To address this drawback, a vibrating source is introduced to facilitate easier
blending. The project assesses the time required for powder blending and
outlines procedures to optimize efficiency in powder metallurgy processing.
By introducing ‘nnovative methodologies, this project seeks to streamline

the powder blending process, thereby enhancing productivity and output

quality in powder metallurgy applications.
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CHAPTER 7
CONCLUSION

The integration of double-axis movement and vibration into our powder
aetallurgy blinding machine represents a significant advancement in powder
processing technology. We have demonstrated the tangible benefits of these
innovations, including enhanced mixing and blending efficiency, improved material
homogeneity, and reduced processing time. By introducing movements in we achieved
better dispersion of powder particles leading to a more uniform blend and eliminating
the risk of uneven distribution. Additionally,the incorporation of vibration effectively
broke up agglomerates, ensuring thorough inter-particle interactions and further

enhancing the homogeneity of the final mixture. These enhancements not only improve
tivity and
f'this

the quality of powdered materials but also contribute to increased produc

cost-effectiveness in powder metallurgy processes. Moving forward, the success 0

project underscores the importance of continuous innovation in manufacturing

technologies, driving advancements that elevate the performance and reliability of

industrial processes wWith further refinement and optimization, the principles

demonstrated in this projec .
hodologies and pave the way for future developments in the field of metallurgy and
methodologie

t hold the potential to revolutionize powder processing

beyond.
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ABSTRACT

Biomass gasification is g promising technology that converts organic
materials such as agricultural residues, forest residues, and energy crops into
clean, renewable energy sources such as syngas and biochar. This process
involves thermo chemical conversion in a controlled environment, resulting in
the production of a combustible gas primarily composed of hydrogen, carbon
monoxide, and methane. The syngas generated can be utilized for various
applications including electricity generation, heat production, and biofuels
synthesis. Biomass gasification offers several advantages including reduced
greenhouse gas emissions, potential for waste valorization, and energy security.
However, challenges such as feedstock availability, technological complexity,
and economic viability need to be addressed for widespread adoption. This
abstract provides an overview of biomass gasification technology, its
applications, benefits, challenges, and future prospects in the transition towards

a sustainable energy future.

Circulating Fluidized Bed (CFB) gasification has emerged as a versatile
and efficient technology for converting various feedstock’s into valuable
syngas. This abstract delves into the fundamental principles and operational
mechanisms of CFB gasifier, highlighting their unique capabilities in handling a
wide range of biomass, coal, and waste materials. By suspending particles in a
fluidized state, CFB gasifier offer enhanced heat and mass transfer, facilitating
through conversion and minimizing tar formation. This abstract explores recent
developments, challenges, and future prospects of CFB gasification,
emphasizing its role in advancing towards a cleaner and more sustainable

energy landscape.
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CHAPTER §
CONCLUSION

In conclusion, the design and fabrication of the shell-and-tybe heat excha
nger

nd wet scrubber have been successfully completed. Through careful consideratjc,
n

of factors such as heat transfer féquirements, materia| selection, and Operational

(fficiency; both systems have been tailored to meet the specific needs of the

application. The shell-and-tube heat exchanger provides efficient heat transfer

and safety. Overall, these systems represent reliable and efficient solutions for heat

rransfer and pollution control in industria] processes.
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