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Fabrication and Testing of Compressed Air Car Viswanadha
Institute of Technology and Management

By Anirudh Addala & Srinivasu Gangada

Abstract - This research aims to examine the performance of a car which takes air as the working medium. Air caris
a car currently being developed which is still in the R&D stage all over the world. Review on the availability and the
impact of the fossil fuels in the present and future generations led us to design a vehicle which runs by renewable
energy sources. As the world is hard pressed with the energy and fuel crisis, compounded by pollution of all kinds,
any technology that brings out the solution to this problem is considered as a bounty. In one of such new
technologies, is the development of a new vehicle called as “Compressed Air Car’, which does not require any of
the known fuels like petrol, diesel, CNG, LPG, hydrogen etc., this works on compressed air. This replaces all types of
till date known fuels and also permanently solves the problem of pollution, since its exhaust is clean and cool air.

Though some of the renewable energy sources like solar energy, bio fuels are currently in practice, we
focused on pneumatic technology. Since pneumatic applications are wide all over the world, basic components and
other equipment are easily available and the fabrication is not so tough. The basic principle involved in this concept
is that compressed air is capable enough to provide sufficient thrust which in turn can propel the car. This report is a
detailed description of the fabrication, working and testing of the compressed air car.

Keywords : compressed air motor (camy)/ pneumatic wrench, compressed air technology, eco-friendly, global
conditions, renewable energy handling.
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Fabrication and Testing of Compressed Air Car
Viswanadha Institute of Technology anad
Management

Anirudh Addala * & Srinivasu Gangada °

Abstract - This research aims to examine the performance of a
car which takes air as the working medium. Air caris a car
currently being developed which is still in the R&D stage all
over the world. Review on the availability and the impact of the
fossil fuels in the present and future generations led us to
design a vehicle which runs by renewable energy sources. As
the world is hard pressed with the energy and fuel crisis,
compounded by pollution of all kinds, any technology that
brings out the solution to this problem is considered as a
bounty. In one of such new technologies, is the development
of a new vehicle called as “Compressed Air Car’, which does
not require any of the known fuels like petrol, diesel, CNG,
LPG, hydrogen etc., this works on compressed air. This
replaces all types of till date known fuels and also permanently
solves the problem of pollution, since its exhaust is clean and
cool air.

Though some of the renewable energy sources like
solar energy, bio fuels are currently in practice, we focused on
pneumatic technology. Since pneumatic applications are wide
all over the world, basic components and other equipment are
easily available and the fabrication is not so tough. The basic
principle involved in this concept is that compressed air is
capable enough to provide sufficient thrust which in turn can
propel the car. This report is a detailed description of the
fabrication, working and testing of the compressed air car.
Keywords . compressed air motor (cam)/ pneumnatic
wrench, compressed air technology, eco-friendly, global
conditions, renewable enerqy handling.

[. [NTRODUCTION

. ossil fuels (i.e., petroleum, diesel, natural gas and
=== coal), which meet most of the world’s energy
demand today, are being depleted rapidly. Also,
their combustion products are causing global problems,
such as the greenhouse effect, ozone layer depletion,
acid rains and pollution, which are posing great danger
for our environment, and eventually, for the total life on
our planet. These factors are leading automobile
manufacturers to develop cars propelled by alternative
energies. Hybrid cars, Fuel cell powered cars, Hydrogen
fueled cars will be soon into the market as a result of it.
One possible alternative is the Air-Powered Car.
Air, which is abundantly available and is free from
pollution, can be compressed to higher pressures at a
very low cost, is one of the prime option since

Author a o Viswanadha Institute of Technology and Management.
E-mails : anirudhaddala8@gmail.com, srinu933@gmail.com

Whereas so far all the attempts made to eliminate the
pollution has however reduced it, but complete
eradication is still rigorously pursued. Compressed air
utilization in the pneumatic applications has been long
proven. Air motors, pneumatic engines, actuators and
other equipments are in use. Compressed air was also
used in some of the vehicle for boosting the initial
torque.

Compressed air has been used since the 19"
century [10] to power mine locomotives, and was
previously the basis of naval torpedo propulsion. The
major problem with this car is the lack of torque
produced by the '"engines". The costs involved to
compress the air to be used in a vehicle are inferior to
the costs involved with a normal combustion engine. Air
is abundant, economical, transportable, storable and,
most importantly, nonpolluting. The technology involved
with compressed air reduces the production costs of
vehicles with 20% because it is not necessary to
assemble a refrigeration system, a fuel tank, spark plugs
or mufflers. Air itself is not flammable.

The mechanical design of the motor is simple
and robust. The tanks used in an air compressed motor
can be discarded or recycled with less contamination
than batteries. The tanks used in a compressed air
motor have a longer lifespan in comparison with
batteries, which, after a while suffer from a reduction in
performance. Refueling can be done at home using an
air compressor or at service stations. Reduced vehicle
weight is the principle efficiency factor of compressed-
air car. The rate of self-discharge is very low opposed to
batteries that deplete their charge slowly over time.

Therefore, the vehicle may be left unused for
longer periods of time than electric cars. Lower initial
cost than battery electric vehicles when mass produced.

Compressed air is not subject to fuel tax.
Lighter vehicles would result in less wear on roads. The
price of fueling air powered vehicles may be significantly
cheaper than current fuels.
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Mathematical Modeling of Temperature Lapse Rate in Solar
Chimney Power Plant

By Shashank.B. Thakre, L.B. Bhuyar, Sachin.V. Dahake & Pankaj Wankhade

Absiract - A solar chimney power plant consists of a large greenhouse-type collector surrounding
a tall chimney. The air, heated within the collector, passes through an inlet guide vane (IGV)
cascade and then through a transition section to a turbine that powers a generator. The transition
section contains the turbine inlet guide vanes that support the whole chimney and guides the
flow entering the turbine. There is a surge in the use of the solar chimney power plant in the
recent years which accomplishes the task of converting solar energy into kinetic energy. The
existing models are sufficient to accurately describe the mechanism and evaluate the
performance of a solar chimney power plant system, in which the effects of various parameters
on the relative static pressure, driving force, power output and efficiency. This paper aims at
development of mathematical model for obtaining the temperature lapse rate that takes in the
solar chimney.

Keywords : collector, turbine, chimney, mathematical models, review.
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Mathematical Modeling of Temperature Lapse
Rate in Solar Chimney Power Plant

Shashank.B. Thakre ¢, L.B. Bhuyar °, Sachin.V. Dahake ° & Pankaj Wankhade ©

Absiract - A solar chimney power plant consists of a large
greenhouse-type collector surrounding a tall chimney. The air,
heated within the collector, passes through an inlet guide vane
(IGV) cascade and then through a transition section to a
turbine that powers a generator. The transition section
contains the turbine inlet guide vanes that support the whole
chimney and guides the flow entering the turbine. There is a
surge in the use of the solar chimney power plant in the recent
years which accomplishes the task of converting solar energy
into kinetic energy. The existing models are sufficient to
accurately describe the mechanism and evaluate the
performance of a solar chimney power plant system, in which
the effects of various parameters on the relative static
pressure, driving force, power output and efficiency. This
paper aims at development of mathematical model for
obtaining the temperature lapse rate that takes in the solar
chimney.

Keywords . collector, turbine, chimney, mathematical
models, review.

I. [NTRODUCTION

and non depletable resource for agriculture and

industry as well as other applications, is dependent
on the development of solar systems which possess the
reliability, performance and economic characteristics
that compare favorably with the conventional systems.
The solar chimney power plant system, which is
composed of the solar collector, the chimney and the
turbine, has been investigated all over the world since
the German researcher Jorg Schliaich first made the
brainchild in the 1970s. The main objective of the
collector is collecting solar radiation to heat up the air
inside. As the air density inside the system is less than
that of the environment at the same height, natural
convection affected by buoyancy which acts as driving
force comes into existence. Due to the existence of the

—l—he widespread use of solar energy, as an alternate

Author o Professor in Department of Mechanical Engineering. PRMI' T
& R.Badnera, Dist. Amravati 444607. Maharastra. India.

E-mail : sbthakre2007@gmail.com

Author o. Professor & Head in Department of Mechanical Engineering.
PRMI'T & R. Badnera, Dist. Amravati, 444607 Maharashtra, India.
E-mail : Ibbhuyar@grmail.com

Author p. Assistant Professor in Department of Mechanical
Engineering. PRMI T & R.Badnera, Dist. Amravati 444607 . Maharashira,
India. E-mail : aryasamir@rediffmail.com

Author @ : research scholar in Department of Mechanical Engineering
PRMI'T & R.Badnera, Dist. Amravati 444607. Maharashtra, India.

chimney, the cumulative buoyancy results in a large
pressure difference between the system and the
environment, then the heated air rises up into the
chimney with great speed. If an axis-based turbine is
placed inside the chimney where there is a large
pressure drop, the potential and heat energy of the air
can be converted into kinetic energy and ultimately into
electric energy.

[1. DESCRIPTION OF THE SYSTEM

A typical solar chimney power plant consists of
a solar hot air collector, a solar chimney and a turbine
with generator. All three essential elements have been
familiar from time immemorial. A solar chimney power
plant simply combines them in a new way [1,2,3], as is
shown in Fig. 1. Air is heated by solar radiation under a
low circular transparent cover open at the periphery; this
and the natural ground below it form a hot air collector.
In the middle of the cover is a vertical chimney with large
air inlets at its base. The joint between the cover and the
chimney base is airtight. As hot air is lighter than cold air
it rises up the chimney. Suction from the chimney then
draws in more hot air from the collector, and cold air
enters from the outer perimeter. Thus solar radiation
causes a constant up-draught in the chimney. The
energy that the hot air contains is converted into
mechanical energy by pressure staged wind turbines at
the base of the chimney, and into electrical energy
conventional generators.

The characteristics of this solar chimney power
plant are listed below.

e Efficient solar radiation use. The hot air collector
used in the system, can absorb both direct and
diffused radiation. Thus the solar chimney can
operate on both clear and overcast days. The other
major large-scale solar thermal power plants, which
are often driven by high temperature steam
generated from solar concentrators, can only use
direct radiation.
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Experimental Investigation of Performance and Emission
Characteristics by Different Exhaust Gas Recirculation
Methods used in Diesel Engine

By R.Senthilkumar , K.Ramadoss & R.Manimaran

Abstract - This project aims at the experimental investigation of the effects of hot and cold Exhaust gas
recirculation (EGR) methods on emissions and efficiency of the engine. This experiment is conducted in
single cylinder, 4-stroke, direct injection diesel engine. A heat exchanger arrangement is provided for
obtaining different EGR methods. The performance parameters were studied with and without exhaust
gas recirculation of different methods with 10%, 15% and 20% of EGR. The recycled exhaust gas lowers
the oxygen concentration in the combustion chamber and increases the temperature of intake charge
which lowers the flame temperature and leads to lower NO, formation. Experimental results shows that the
cold EGR is much effective than the hot and intermediate EGR for the reduction of NO, emission. The
increase in temperature of EGR gases causes the combustion temperature which leads to increase in
formation of NO,. By increasing the cooled EGR rates reduces the emissions more significantly.

Keywords . diesel engine, EGR (exhaust gas recirculation), EGR percentage.

GJRE-A Classification . FOR Code. 650203

EXPERIMENTAL INVESTIGATION OF PERFORMANCE AND EMISSION CHARACTERISTICS BY DIFFERENT EXHAUST GAS RECIRCULATION METHODS USED IN DIESEL ENGINE

Strictly as per the compliance and regulations of .

© 2013. R.Senthilkumar, K.Ramadoss & R.Manimaran. This is a research/review paper, distributed under the terms of the
Creative Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting
all non commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Experimental Investigation of Performance and
Emission Characteristics by Different Exhaust
Gas Recirculation Methods used in Diesel
Engine

R. Senthilkumar ¢, K. Ramadoss ° & R.Manimaran

Abstract - This project aims at the experimental investigation
of the effects of hot and cold Exhaust gas recirculation (EGR)
methods on emissions and efficiency of the engine. This
experiment is conducted in single cylinder, 4-siroke, direct
injection diesel engine. A heat exchanger arrangement is
provided for obtaining different EGR methods. The
performance parameters were studied with and without
exhaust gas recirculation of different methods with 10%, 15%
and 20% of EGR. The recycled exhaust gas lowers the oxygen
concentration in the combustion chamber and increases the
temperature of intake charge which lowers the flame
temperature and leads to lower NO, formation. Experimental
results shows that the cold EGR is much effective than the hot
and intermediate EGR for the reduction of NO, emission. The
increase in temperature of EGR gases causes the combustion
temperature which leads to increase in formation of NO,. By
increasing the cooled EGR rates reduces the emissions more
significantly.

Keywords diesel engine,
recirculation), EGR perceniage.

EGR (exhaust gas

I. INTRODUCTION

he compression ignition engines are widely used
owing to its high thermal efficiency and low

maintenance cost. In spite of all these benefits,
diesel engine exhaust is one of the major sources of
atmospheric pollution in the world, accounting for about
60% of the total pollutants dumped into the atmosphere.
UBHC, CO, NO, etc., are the major constituents of the
engine exhaust pollutants and efforts are throughout the
world to find effective means to control them. Thus the
fields of diesel fuel alternative and diesel emission
control are alive. A Diesel engine is a type of heat engine
that uses the internal combustion process to convert the
energy stored in the chemical bonds of the fuel into
useful mechanical energy[1](4,7,9]. This occurs in two
steps. First; the fuel reacts chemically (burns) and
releases energy in the form of heat. Second the heat

Author o . Research Scholar, Mechanical Engineering, Annamalal
University.

Authoro : Assistant Professor, Mechanical Engineering.

Author p: Research Scholar, Mechanical Engineering, Pondicherry
Engineering College.

Causes the gases trapped in the cylinder must move
piston to expand. The reciprocating motion of the piston
is then converted into rotational motion by the
crankshaft. Then the fuel enters the cylinder where the
heated compressed air is present; however, it will only
burn when it is in a vaporized state and intimately mixed
with the supply of oxygen. The first minute droplets of
fuel enter the combustion chamber and are quickly
vaporized. The vaporization of the fuel causes the air
surrounding the fuel to cool and it requires time for air to
reheat sufficiently to ignite the vaporized fuel. But once
ignition has started, the addition heat from combustion
helps to further vaporize the new fuel entering the
chamber as long as oxygen is present. Engine deposits
constitute a serious problem in the compression-ignition
engine. Solid or semisolid carbonaceous matter builds
up because of incomplete combustion. The
compression-ignition engine exhaust gases contain
Oxides of Nitrogen, carbon monoxide, organic
compounds that are unburned or partially burned or
partially burnt hydrocarbons, visible smoke and soot (or
particulates).

a) Literature Review

Alain Maiboom [1] has studied the effect of
exhaust gas recirculation in direct injection diesel
engine. The experimental results shows that the
increase of inlet temperature at constant EGR rate has
contrary effects on combustion and emissions, thus
sometimes giving opposite tendencies as traditionally
observer, as the reduction of NO, emissions with
increased inlet temperature. At low-load conditions, very
low-NOx and particulate matter emissions can be
obtained with high EGR rates at constant pressure,
because the combustion is delayed due to the high
dilutions. This is accompanied with an increase of
BSFC, CO and hydrocarbon emissions. For some
operating conditions, EGR at constant AFR is a way to
drastically reduce NO, emissions without important
penalty on BSFC and soot emissions. S.Swami Nathan
[2] as investigated the possibility to operate a HCCI
engine with reasonably high thermal efficiencies in a
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Abstract - A solar chimney power plant consists of a large greenhouse-type collector surrounding a tall
chimney. The air, heated within the collector, passes through an inlet guide vane (IGV) cascade and then
through a transition section to a turbine that powers a generator. The transition section contains the
turbine inlet guide vanes that support the whole chimney and guides the flow entering the turbine. There is
a surge in the use of the solar chimney power plant in the recent years which accomplishes the task of
converting solar energy into kinetic energy. The existing models are sufficient to accurately describe the
mechanism and evaluate the performance of a solar chimney power plant system, in which the effects of
various parameters on the relative static pressure, driving force, power output and efficiency. This paper
aims at the segregation of the different mathematical models presented by the various researches, which
are developed to evaluate the performance of solar chimney power plant, which will help the budding
researcher to develop their own model as well as to evaluate the performance of solar chimney power
plant.
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Mathematical Correlations Developed for Solar
Chimney Power Plant — A Critical Review

Shashank.B. Thakre ¢, L.B. Bhuyar °, Sachin.V. Dahake ® & Pankaj Wankhade ©

Absiract - A solar chimney power plant consisis of a large
greenhouse-type collector surrounding a tall chimney. The air,
heated within the collector, passes through an inlet guide vane
(IGV) cascade and then through a transition section to a
turbine that powers a generator. The transition section
contains the turbine inlet guide vanes that support the whole
chimney and guides the flow entering the turbine. There is a
surge in the use of the solar chimney power plant in the recent
years which accomplishes the task of converting solar energy
into kinetic energy. The existing models are sufficient to
accurately describe the mechanism and evaluate the
performance of a solar chimney power plant system, in which
the effects of various parameters on the relative static
pressure, driving force, power output and efficiency. This
paper aims at the segregation of the different mathematical
models presented by the various researches, which are
developed to evaluate the performance of solar chimney
power plant, which will help the budding researcher to
develop their own model as well as to evaluate the
performance of solar chimney power plant.

Keywords . collector, turbine, chimney, mathematical
models, review.

I. [NTRODUCTION

HE widespread use of solar energy, as an alternate
Tand non depletable resource for agriculture and

industry as well as other applications, is
dependent on the development of solar systems which
possess the reliability, performance and economic
characteristics that compare favorably with the
conventional systems. The solar chimney power plant
system, which is composed of the solar collector, the
chimney and the turbine, has been investigated all over
the world since the German researcher Jorg Schliaich
first made the brainchild in the 1970s. The main
objective of the collector is collecting solar radiation to
heat up the air inside. As the air density inside the
System is less than that of the environment at the same
height, natural convection affected by buoyancy which

Author a : Professor in Departrment of Mechanical Engineering. PRMI T
& R.Badnera, Dist. Amravati 444607. Maharastra. India.

E-mall : sbthakre2007@gmail.com

Author o. Professor & Head in Department of Mechanical Engineering.
PRMI'T & R. Badnera, Dist. Amravati, 444607 Maharashtra, India.
E-mall : Ibbhuyar@gmail.com

Author p . Assistant Professor in Department of Mechanical
Engineering. PRMI T & R.Badnera, Dist. Amravati 444607 . Maharashtra,
India. E-mail . aryasamir@rediffmail.com

Author @ : Research scholar in Department of Mechanical Engineering
PRMI'T & R. Badnera, Dist Amravati 444607. Maharashtra, India.

acts as driving force comes into existence. Due to the

Existence of the chimney, the cumulative buoyancy
results in a large pressure difference between the
system and the environment, then the heated air rises
up into the chimney with great speed. If an axis-based
turbine is placed inside the chimney where there is a
large pressure drop, the potential and heat energy of the
air can be converted into kinetic energy and ultimately
into electric energy

[1. DESCRIPTION OF THE SYSTEM

A typical solar chimney power plant consists of
a solar hot air collector, a solar chimney and a turbine
with generator. All three essential elements have been
familiar from time immemorial. A solar chimney power
plant simply combines them in a new way [1,2,3], as is
shown in Fig. 1. Air is heated by solar radiation under a
low circular transparent cover open at the periphery; this
and the natural ground below it form a hot air collector.
In the middle of the cover is a vertical chimney with large
air inlets at its base. The joint between the cover and the
chimney base is airtight. As hot air is lighter than cold air
it rises up the chimney. Suction from the chimney then
draws in more hot air from the collector, and cold air
enters from the outer perimeter. Thus solar radiation
causes a constant up-draught in the chimney. The
energy that the hot air contains is converted into
mechanical energy by pressure staged wind turbines at
the base of the chimney, and into electrical energy
conventional generators.

The characteristics of this solar chimney power
plant are listed below.

e Efficient solar radiation use. The hot air collector
used in the system, can absorb both direct and
diffused radiation. Thus the solar chimney can
operate on both clear and overcast days. The other
major large-scale solar thermal power plants, which
are often driven by high temperature steam
generated from solar concentrators, can only use
direct radiation.

e Free dual functions, natural energy storage and
greenhouse effect. The collector provides storage
for natural energy, as the ground under the
transparent cover can absorb some of the radiated
energy during the day and releases it into the
collector at night. Thus solar chimneys also produce
a significant amount of electricity at night. The
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“Thickness and Shape Optimization of Filter Sheet by Non-
Linear FEA”
By Ms. Shweta A. Naik

Abstract - Filter Sheets are non standard components and hence the guidelines for design are loose under the ASME and the
TEMA code. The usual engineering practice is to extend the ever current design is available with an increased factor of safety.
However this results in excessively heavy designs, resulting in increasing costs (e.g. Material, transport, assembly and
installation).Hence in such designs there is maximum scope for optimization. Optimization goals are focused on Installing
maximum possible filter tubes in a single plate thus increasing the capacity — Shape Optimization and Designing an optimal
thickness for filter sheet assembly component for maximum economy — Material optimization. The Project execution phases
consist of Analyzing a proposed for both Shape and Material optimization and submission of reports to clients, (In this phase we
analyze only 1/6th portion of the assembly) Based on approval and feedback of client, designing the entire assembly and
submitting drawings and models for approval) On approval of client proceed with analysis of the entire model created in phase 2.
Performing actual hydro tests on the assembly after manufacturing, and evaluating effectiveness of FEA analysis. Preparing
Information sheets and guideline processes for future project implementation. The challenges for FEA validation are Performing
Shape Optimization and making filter pattern in accordance with manufacturability and ergonomic evaluations. FEA validation
should certify a FOS of 5, as required by the guidelines of the Saudi Arabia Oil Code. FEA validation being comparable in case of
Hydro Test performance on actual installation of assembly. The outputs of FEA work shall be a shape Optimized Filter Sheet
assembly, with maximum productivity and maximum economy. Deformation and Stress Certification for performance in Hydro
Test which shall take place at 2.5 times the actual working conditions.
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