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Abstract - Recent trend about the best ways of using the
deployable sources of energy in to useful work in order to reduce
the rate of consumption of fossil fuel as well as pollution. Out of
all the available sources, the internal combustion engines are the
major consumer of fossil fuel around the globe. The remaining
heat is expelled to the environment through exhaust gases and
engine cooling systems, resulting in to entropy rise and serious
environmental pollution, so it is required to utilized waste heat
into useful work. The recovery and utilization of waste heat not
only conserves fuel, usually fossil fuel but also reduces the
amount of waste heat and greenhouse gases damped to
environment. It is imperative that serious and concrete effort
should be launched for conserving this energy through exhaust
heat recovery techniques. Such a waste heat recovery would
ultimately reduce the overall energy requirement and also the

impact on global warming.
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L INTRODUCTION

Presently, high fuel costs and concerns about foreign oil
dependence have resulted in increasingly complex engine
designs to decrease fuel consumption. For example, engine
manufacturers have implemented techniques such as
enhanced fuel-air mixing, turbo- charging, and variable valve
timing in order to increase thermal efficiency. However,
around 60-70% of the fuel energy is still lost as waste heat
through the cool- ant or the exhaust. On the other hand,
legislation of exhaust emission levels has focused on carbon
monoxide (CO), hydrocarbons (HC), nitrogen oxides (NOx),

and particulate matter (PM).

Energy conservation on engine is one of best ways to deal
with these problems since it can improve the energy
utilization efficiency of engine and reduces emissions. Given
the importance of increasing energy conversion efficiency
for reducing both the fuel consumption and emissions of
engine, scientists and engineers have done lots of successful
research aimed to improve engine thermal efficiency,
including super- charge, lean mixture combustion, etc.
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However, in all the energy saving technologies studied.
Engine exhaust heat recovery is considered to be one of the
most effective. Many researchers recognize that Waste Heat
Recovery from engine exhaust has the potential to decrease
fuel consumption without increasing emissions, and recent
technological advancements have made these systems viable
and cost effective.

Possibility of heat recovery and availability from I.C. Engine

Waste heat is heat, which is generated in a process by way of
fuel combustion or chemical reaction, and then “dumped”
into the environment even though it could still be reused for
some useful and economic purpose. This heat depends in part
on the temperature of the waste heat gases and mass flow
rate of exhaust gas. Waste heat losses arise both from
equipment inefficiencies and from thermodynamic
limitations on equipment and processes. For example,
consider internal combustion engine approximately 30 to
40%

remaining heat is expelled to the environment through

is converted into useful mechanical work. The

exhaust gases and engine cooling systems. It means
approximately 60 to 70% energy losses as a waste heat
through exhaust (30% as engine cooling system and 30 to
40% as environment through exhaust gas). Total energy
distributions from internal combustion engine is shown on
Fig. 1
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Exhaust gases immediately leaving the engine can have
temperatures as high as 450-600°C. Consequently, these
gases have high heat content, carrying away as exhaust
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emission. Efforts can be made to de- sign more energy
efficient reverberatory engine with better heat transfer and
lower exhaust temperatures; however, the laws of
thermodynamics place a lower limit on the temperature of

exhaust gases.

Benefits of ‘waste heat recovery’ can be broadly classified in
two categories

1. Direct Benefits:

Recovery of waste heat has a direct effect on the combustion
process efficiency. This is reflected by reduction in the utility
consumption and process cost.

2. Indirect Benefits:

a) Reduction in pollution: A number of toxic combustible
wastes such as carbon monoxide (CO), hydrocarbons (HC),
nitrogen oxides (NOx), and particulate matter (PM) etc,
releasing to atmosphere. Re- covering of heat reduces the
environmental pollution levels.

b) Reduction in equipment sizes: Waste heat recovery
reduces the fuel consumption, which leads to reduction in the
flue gas produced. This results in reduction in equipment
sizes.

¢) Reduction in auxiliary energy consumption: Reduction in
equipment sizes gives additional benefits in the form of
reduction in auxiliary energy consumption.

Diesel engines

In general, diesel engines have an efficiency of about 35%
and thus the rest of the input energy is wasted. Despite recent
improvements of diesel engine efficiency, a considerable
amount of energy is still expelled to the ambient with the
exhaust gas. In a water- cooled engine about 35 kW and30-
40% of the input energy is wasted in the coolant and exhaust
gases re spectively.

The amount of such loss, recoverable at least partly, greatly
depends on the engine load. The wasted energy represents
about two-thirds of the input energy and for the sake of a
better fuel economy, exhaust gas from Internal Combustion
engines can pro- vide an important heat source that may be
used in a number of ways to provide additional power and
improve overall winstitutes and engine manufacturers. For
the heavy duty diesel engines, one of the most promising
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technical solutions for exhaust gas waste heat utilization
appears to be the use of a useful work.

Availability of Waste Heat from 1.C. Engine the quantity of
waste heat contained in a exhaust gas is a function of both
the temperature and the mass flow rate of the exhaust gas:

O=mCpT.

Where Q is the heat loss(KJ/min); m is the exhaust gas mass
flow rate (Kg/min); Cp is the specific heat of exhaust
gas(KJ/KgOK); and T is the temperature gradient in OK. In
order to enable heat transfer and recovery, it is necessary
that the waste heat source temperature is higher than the heat
sink temperature .Moreover the magnitude of the temperature
difference between the heat source and sink is an important
determinant of waste heat utility or quality.

The source and sink temperature difference influences the
rate at which the heat is transferred per unit surface area of
recovery system, and the maximum theoretical efficiency of
converting thermal from the heat source to another form of
energy.

II. HEAT RECOVERY SYSTEM FOR ENGINE

Large quantity of hot flue gases is generated from the
internal combustion engine etc. This waste heat can be
recovered .It depends upon mass flow rate of exhaust gases.
The internal combustion engine energy lost in waste gas
cannot be fully recovered. However, much of the heat could
be recovered and losses be minimized by adopting certain
measures. There are different methods of the exhaust gas
heat recovery namely for space heating, refrigeration and
power generation. The mass flow rate of exhaust gas is the
function of the engine size and speed, hence larger the engine
size and higher the speed the exhaust gas heat is larger. So
heat recovery system will be beneficial to the large engines
comparatively to smaller engines. The heat recovery from
exhaust gas and conversion in to mechanical power is
possible with the help of Rankine, Stirling and Brayton
thermodynamic cycles, vapour absorption cycle.

These cycles are proved for low temperature heat conversion
in to the useful power. Engine exhaust heat recovery is
considered to be one of the most effective means and it has
become a research hotspot recently.

For example, Doyle and Patel have designed a device for
recovering exhaust gas heat based on Rankine cycle on a

truck engine. The commissioning experiment of 450
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kilometers showed that this device could save fuel
consumption by 12,5%. Cummins Company has also done
some research on waste heat recovery on truck engines, and
the results showed that engine thermal efficiency could
improve by 5,4% through exhaust heat recovery. James C.
Conklin and James P. Szybist have designed axis-
stroke internal combustion engine cycle with water injection
for in-cylinder exhaust heat recovery which has the potential
to significantly improve the engine efficiency and fuel
economy. R. Saidur et al Rankine bottoming cycle technique
to maximize energy efficiency, reduce fuel consumption and

green house gas emissions.

Recovering engine waste heat can be achieved via numerous
methods. The heat can either be reused within the same
process or transferred to another thermal, electrical, or
mechanical process.

Waste heat can be utilized for some useful works and it is
reduces pollution. The diesel engine exhaust gas waste heat
recovery rate increase with increasing diesel engine exhaust
gas emission rate.

The increasing fuel costs and diminishing petroleum supplies
are forcing governments and industries to increase the power
efficiency of engines. A cursory look at the internal
combustion engine heat balance indicates that the input
energy is divided into roughly three equal parts: energy
converted to useful work, energy transferred to coolant and
energy lost with the exhaust gases. There are several
technologies for re- covering this energy on a internal
combustion engine, where as the dominating ones are: Waste
heat can utilized for heating purpose, power generation
purpose, refrigeration purpose, etc.

A) Using of exhaust gas. Heating Purpose

Waste heat can be utilized for the heating purpose like space
heating, Preheating intake air and fuel, dryer etc. Typical
examples of use would be preheating of combustion air,
space heating, or preheating boiler feed water or process
water etc. waste heat recovery system can utilized for pre
heating intake air and intake fuel.

Heat energy is recovered from the exhaust gases, which
causes lower heat addition, thus improving engine thermal
efficiency. Low grade fuel, such as, kerosene can be used in
diesel engine by blending with conventional diesel fuel.
Using the air preheating sys- tem and 10% kerosene blend as
fuel, the thermal efficiency is improved and exhaust
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emissions (NOx and CO) is reduced as compared to neat
diesel fuel without using air preheating system. The general
view of heat recovery system is shown on Fig.2.

Waste heat recovery is useful for preheating alternative fuel
so reduce viscosity of fuel, better fuel atomization and low
volatility of fuel.

B) Using of exhaust gas. Power Generation Purpose

Waste heat can also be utilized indirectly for the power
generation using rankine cycle. Bryton cycle, Stirling cycle
and directly used for thermoelectric generator etc

Generating power from waste heat typically involves waste
heat utilization from internal combustion engine to generate
mechanical energy that drives an electric generator.
Electricity generation is directly from heat source such as
thermoelectric and piezoelectric generator. A factor that
affects on power generation is thermodynamic limitations for
different temperature range.. The efficiency of power
generation is heavily depended on the temperature of the

waste heat gas and mass flow rate of exhaust gas.
III.  THERMOELECTRIC GENERATION

The exhaust pipe contains a block with thermo electric
materials that generates a direct current, thus providing for at
least some of the electric power requirements. In which two
different semiconductors are subjected to a heat source and
heat sink. A voltage is created between two conductors. It is
based on the see- back effect. The Cooling and Heating is
done

by applying electricity. It is low efficiency

approximately (2 to 5%) and high cost.
Thermoelectric generator and its components.
Thermoelectric devices may potentially produce twice the
efficiency as compared to other technologies in the current
market. Thermo Electric Generator is used to convert thermal
energy from different temperature gradients existing between
hot and cold ends of a semiconductor into electric energy.
This phenomenon was discovered by Thomas Jhonson
Seebeck in 1821 and called the ¢ Seebeck Effect’.

The device offers the conversion of thermal energy into
electric current in a simple and reliable way. Advantages of
Thermo Electric Generator include free maintenance, silent
operation, high reliability and involving no moving and
complex mechanical parts. Recycling and reusing waste
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exhaust gas can not only enhance fuel energy use efficiency,
but also reduce air pollution.
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Fig. 2 Thermal Generator

Thermal power technology such as the Thermo Electric
Generator arises, therefore, significant attention worldwide.
Thermo Electric Generator is a technology for directly
converting thermal energy into electrical energy. It has no
moving parts, is compact, quiet, highly reliable and
environmentally friendly. Because of these merits, it is
presently becoming a noticeable research direction. The
mathematical model of a Thermoelectric Generator device
using the exhaust gas of vehicles as heat source, and
preliminary analysis of the impact of relevant factors on the

output power and efficiency of Thermo Electric Generator

1.2 Piezoelectric Generation

It is used for low temperature range of 100 to 150 C.
Piezoelectric devices convert mechanical energy in the form
of ambient vibration to electric energy. This is thin film
membrane can take advantage of oscillatory gas expansion to
create a voltage output.

IV. CONCLUSION

It has been identified that there are large potentials of energy
savings through the use of waste heat recovery technologies.
Waste heat recovery defines capturing and reusing the waste
heat from internal combustion engine for heating, generating
mechanical or electrical work and refrigeration system.

The waste heat recovery from exhaust gas and conversion in
to mechanical power is possible with the help of Rankine,
Stirling and Brayton

thermodynamic cycles,

absorption. For waste heat recovery thermoelectric generator

vapour

is use low heat, which has low efficiency. It is helpful for the
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same amount of increases in thermal efficiency and reduction
in emission.

New regulations and standards for noise emission
increasingly make the automotive improvements about
decreasing the engine noise. Considering the cost and the
volume of the muffler in the vehicle, the aim is to develop
smaller and more compact designs without any loss from the
back pressure in muffler. Proposed new designs should be
analyzed with respect to both acoustics and back pressure. In
this study, a new design reactive perforated muffler is
investigated. The present new design muffler was analyzed
to obtain minimal back pressure affects for the engine. Back
pressure values from numerical analysis were calculated. It
was established that new design muffler has less back
pressure effect for the engine. The difference between total
pressure drops is 686 Pa which is essential. Next step for
investigation should include simulation of acoustic effects
and temperature fields in the muffler units for new design

muffler.
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