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Abstract

With the depletion of fossil fuel resources and increase in pollution level leads to researches to concentrate much for the
development of renewable fuels for the existing diesel engines. Currently more than 95% of the biodiesel is produced from edible
oils. Producing biodiesel using edible oil may leads to shortage towards eatables and also increases in the cost. Nonedible oil is
the alternative to solve this problem. But any alternative fuel which finds suitable as substitute to diesel is comparatively inferior
to diesel in performance, emission and combustion characteristics. To bridge this gap various technologies are developed.
However in this work an attempt will be made to enhance and optimize fuel properties like pour point, flash point, cloud point,
viscosity etc. This can be carried by two means. They are LHR engine concept and turbocharger. In diesel engines maximum
amount of heat is lost to cooling medium. For better performance of the engine, improved combustion, reduced emissions,
temperature and pressure of in cylinder are responsible which are controlled by cooling rate. Under these circumstances,
material selection of components is the main criteria. One of the most promising ceramic materials known for its low density, high
thermal stability in severe chemical environments is mullite. Further low thermal conductivity, strength and creep behaviour of
this material are also suitable.100 microns and 500 microns thickness mullite thermal barrier coating on the piston head is to be
considered for experimental purpose. The density of air entering the cylinder decreases in the insulated engine. Thus the
volumetric efficiency of the LHR engine decreases. Turbocharger will be used in order to increase the volumetric efficiency and
engine output.

Keywords —Turbocharging, LHR Engine, Biofuel, 4 Stroke Single Cylinder Kirloskar Diesel Engine.
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1. INTRODUCTION

For a country to develop economically agriculture,

Natural gas (compresses or liquefied)
Liquefied petroleum gas

transportation, industrialization, electricity sectors are gly dro.gclatn B . d Fuel cell
important. The transportation sector plays a crucial role B,e((:;,nCIIY( atteries and Fuel cells)
iodiese

among them because in day to day life commodities should
reach the destination on time with optimum travelling cost.
Crude oil is the major source of energy in transportation
sector. In 2014 .India had the fourth place in the world in
consuming oil and petroleum products.78.6% of India’s oil
consumption included oil imports during 2014-15. e Energy sources for their manufacture (especially for

Methanol and Ethanol (Alcoholic Fuels)
Merits

According to OPEC’s (Organization of the Petroleum
Exploring Countries) monthly oil market report India’s oil
demand reached 4.1MMbpd (Million Barrels per Day) in
2015. It is increased 7 % more compared to 2014.In
February 2016 it has reached to 4.6MMbpd resulting in
0.48MMbpd increment in demand compared to January
2016. That was 12% more in oil consumption with the
previous year. This indicates that fuel consumption has been
increasing drastically. With the increase in energy demand,
depletion of fossil fuels and environmental pollution it is
high time to switch over to alternative fuels.

2. ALTERNATIVE FUELS

Alternative fuels for IC engines are as follows
e  Methanol and ethanol (alcoholic fuels)

ethanol) are renewable in nature.

e PM emissions are lower than gasoline engines due to
clean burning characteristics.

e Air toxic emissions such as benzene and 1,3 butadiene
are lower

e Aldehyde emissions such as formaldehyde and
acetaldehyde are higher resulting in less photochemical
activity and ozone forming potential

Demerits

e Unburned fuel emissions are higher during cold
starting/warm up phases.

e Alcohols especially ethanol corrosive in nature.

e Alcohols are not easily miscible with diesel fuels.
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Natural Gas (compressed/liquefied)
Merits

e It has high antiknock quality.

e It has high compression ratio around 11:1 resulting in
improvement in fuel efficiency and reduction in CO2
emissions.

e It has less CO emissions and very low PM emissions.

e Unburned fuel emissions are lower during cold
starting/warm up phases.

Demerits

e Natural gas is stored in high pressure cylinders as CNG
which takes a lot of space.

e Resources to establish number of gas stations are not
abundant in India.

Liquefied Petroleum Gas

Merits

e Gaseous state of LPG gives it a good cold
starting/warm up characteristics results in lower HC
emissions.

e PM emissions are negligible.

e It has higher octane number.

Demerits

e  Variation in propane/butane ratio.

e Needs technological development in bi-fuel vehicles.
Hydrogen

Merits

e It has a potential to reduce greenhouse gases and CO,
emissions.

e It emits no HC, CO, CO, emissions but a smaller
amount will be traced due to combustion of lubricating

oil.

e There can be a danger of backfire and induction
ignition.

Demerits

e [t produces toxic NOx emissions.
e Storage of hydrogen need high capital cost.

Electricity (Batteries and Fuel Cells)
Merits

e Battery powered electric vehicles have zero emissions.

e Hydrogen fuel cells have water vapor and heat in their
emissions

e Capable of producing instant torque and smoother
acceleration.

Demerits

Production cost is high.
Batteries are not suitable for the places where power
shortage is there.

e Recharge time is longer for batteries.

Biodiesel
Merits

e  The amount of sulfur present is very less.

e Due to presence of oxygen, CO emissions are reduced.

e Lower PM emissions results due to advancement of
dynamic injection timing.

e It is biodegradable and nontoxic in nature.

Demerits

e NOx emissions increases slightly due to advancement
of dynamic injection timing.

e It has lower calorific value.

e Heating value is low.

3. SELECTION OF ALTERNATIVE FUEL

Due to its biodegradability, renewability, nontoxicity and [1]
ecofriendly nature biodiesel is selected as the best
alternative fuel for IC engines. Biodiesel can be produced
from vegetable oils (edible and nonedible), animal fats, used
cooking oils, algae and animal fats. Nowadays Usage of
edible oils and animal fats create food shortage for the
population in developing country like India. Nonedible oils
serve the option of producing biodiesel in an economical
way.

Biodiesel can be produced from different processes such as
e Direct use and blending

e  Micro emulsion process

e  Thermal cracking

e Transesterification

Among these processes transesterification is economical in a
way that the production of biodiesel is easy and quality of
the biodiesel is good.

4. TRANESTERIFICATION

Vegetable oils have high viscosity because of long chain
fatty acids. Transesteification [2] is a chemical reaction in
which long chain fatty acids are converted to monoalkyl
esters with the reaction with lower alcohols (especially
methanol). In this reaction catalyst is used like sodium
hydroxide (NAOH),potassium hydroxide(KOH).biodiesel is
fatty acid methyl ester.

As vegetable oil cannot be used directly because of its high
viscosity, it has to be converted to biodiesel to meet the
requirements of IC engine’s combustion compatability. Thus
transesterification process helps in reducing viscosity of
vegetable oil. Transesterification is an equilibrium process
in which excess alcohol is needed for the reaction to be
completed.
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Fig.1.Production of Biodiesel from Transesterification

S. PROBLEMS ASSOCIATED WITH
BIODIESEL IN USING AS AN ALTERNATIVE
FUEL

There are two main problems with biodiesel in using as an
alternative fuel. They are poor cold flow properties [3] and
stability. Cold flow properties are cloud point, pour point
and cold filter pugging point. Poor stability is because of
oxidation of biodiesel, increased rate of oxidation at higher
temperatures and inability of fuel to resist its physical and
chemical properties in storage.

6. METHODS TO IMPROVE COLD FLOW
PROPERTIES OF BIODIESEL

To improve cold flow properties of biodiesel methods are

developed as shown in fig.2.

e Using materials which has unsaturated fatty acids in
greater percentage.

e To decrease the freezing point blending can be done
with petroleum fuel.

e Reduction of saturated fatty acids is obtained with
winterization.

e Improvement in crystal morphology obtained by using
additives.

e Biodiesel structures are modified with the utilization of
branched alcohols.

e Hydroisomerization, ozonisation and epoxidation are
the techniques in which treatment is done with
reactions.

Chzngingcomposibions of Y By use of available materials |
------- =il SO
R Blending with petroleum fuel |
Blending
___________________ 7
Crude Blending with additives

biodiesel NN, e e

Changing chemical
structures

...................

Ozonization

Fig.2. potential methods to improve cold flow properties of
biodiesel

Best method of improving cold flow properties of biodiesel
is blending with petroleum [5] fuel. Ethanol is the option for
so many years. The reason is mixing with diesel causes
increased rates of ignition delays, increased thermal
efficiency, increased rated premixed combustion and
reduced exhaust smoke. But alcohol is immiscible with
diesel. Addition of biodiesel to alcoholic diesel blends
improves solubility of the alcohol and the mixture will be
stable for longer periods.

7. ENERGY CRITERIA IN IC ENGINE

Exhaust
33%

Thermodynamic Total
losses energy
losses

Fuel Cooling

energy > 29%
100%

Engine
115%
Friction

Mechanical losses i
power 33% Rolling Energy
38% > resist 11.5% j> used to

move the
Brakes 5% car 21.5%
Air drag 5% Air drag 5%
Fig .3.Vehicle Energy Losses

Transmission 5%

The fuel energy is 100%. But 100% of it is not utilized for
the engine to run. There are thermodynamic losses, friction
losses and air drag which contribute a total loss of 78.5% of
total fuel energy. The main advancements in IC engines are
as follows

e Engine design

e  Material selection

e Timing controls

e  Fuels and combustion

Concerning fuels and combustion thermodynamic losses can
be minimized by two techniques namely LHR engine and
turbocharger.
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8. THERMAL BARRIER COATING

Thermal barrier coating is an insulating material in the
combustion [6] chamber. Advantages of thermal barrier
coating is as follows

e It can sustain the combustion gas temperature
Decreases viscosity of fuel

Improves thermal efficiency

Reduces fuel consumption, heat loss.

Decreases particulate emissions and condensable
hydrocarbons.

Increases the exhaust gas temperature

e Longer life and higher reliability of engine components.

Ceramic materials can be used as thermal barrier coating are
given below

Zirconates

Yittria Stabilized Zirconia

Alumina

Spinel

Forsterite

Mullite

Zirconates
Advantages

Thermal conductivity is low.
Thermal expansion is high.

Low sintering activity

Thermal cyclic resistance is good.

Disadvantages

e Residual stress and coating delamination due to residual
stress.

Yittria Stabilized Zirconia
Advantages

e  Thermal shock resistance

e  Thermal conductivity is low.

e High thermal coefficient with 7-8% yittria stabilized
zirconia

Disadvantages

e Oxygen and corrosion transparent.
e Sintering is possible above 1473K.

Alumina
Advantages

e High hardness in addition with to yittria stabilized
zirconia
e High chemical inertness

Disadvantages

e  Thermal conductivity is high.

e Compared with yittria stabilized zirconia it has low
thermal expansion.
e  Phase transformation at 1273K.

Spinel
Advantages

e It has good chemical properties and also high
temperature properties.

Disadvantages

e It has poor thermal expansion coefficient. So it’s II-176
is not reliable as thermal barrier coating.

Forsterite

Forsterite has high thermal expansion coefficient. So it has
good compatibility with the metal.it also has high thermal
shock resistance within hundred microns thickness.

Mullite
Advantages

e It has low density

e Oxygen resistant compared with yittria stabilized
zirconia.

e  Stability in severe chemical environments

e Favorable strength and creep behavior

e In high thermal gradients and under thermal shock its
low thermal conductivity is advantageous

Disadvantages

e Large mismatch in thermal expansion coefficient with
metallic substrate leads to poor adhesion.
e  Mullite crystallizes at 1023-1273K.

Of all the possible thermal barrier materials mullite is the
most promising material.it is compound of SiO, and Al,O;
with the composition 3Al,0;.Si0, .If the temperature
variations are high across the coating and surface
temperatures are lower compared to gas turbines mullite is
the best alternative as the thermal barrier coating material

[6].

The exergy available in the exhaust gas increases with the
application of thermal barrier coating on the cylinder piston.
Ceramic material is an insulating material. So the
temperatures in the combustion [7] chamber increases
reducing the density of air thus decreasing the volumetric
efficiency of the engine.  That is why engine requires a
boost like turbocharger which serves the purpose of utilizing
the exergy of exhaust gas and increasing the volumetric
efficiency.
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9. TURBOCHARGING

How a turbacharger works

prassed Alr Flow

Fig.4. Diagram showing how a turbocharger works

To increase the power output of an IC engine with in same
engine size turbocharging is the best to be adopted.
Turbocharger compresses the intake air to which fuel is
added proportionally so as to increase power output.

Techniques have been developed to increase the volumetric
efficiency of a turbocharger to some extent. They are
intercooling and twin charging. Intercooling deals with the
concept of increasing mass flow rate of charging air by
cooling it before going in to combustion chamber. Twin
charging is the combination of supercharging and
turbocharging. It is possible only when the exhaust gas
energy is sufficient to run the turbocharger.

10. PEER REVIWED RESULTS
Paper 9

This study gives the performance, emission combustion and
evaluation of CI engine with biofuel.
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Paper 10

Review of this paper gives the experimental investigations
on 4 stroke low heat rejection CI engine using alternative
fuels.
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Paper 11

This paper gives the knowledge on turbocharging of diesel
engine for improving performance and exhaust emissions.
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11. CONCLUSION

The review study presented in this paper provides the basic
knowledge on useful alternative fuels for IC engines. This
study gives the technologies namely thermal barrier coating
and turbocharging to improve efficiency of IC engine and
also to reduce the exhaust gas emissions such HC,CO,CO,
and PM emissions by using biodiesel blends. From the peer
reviewed results it is found that the review study has the
future scope in using nonedible oil as a biodiesel if the
piston is coated with thermal barrier material and a
turbocharger is fixed to the engine properly to use exhaust
gas energy. Thus decreasing exhaust gas emissions,
increasing efficiency of engine and reducing cost of fuel.
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