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Abstract - The increase in use of alternate fuel which is
renewable and sustainable, the biodiesel demand increasing
rapidly over the diesel. The effects of biodiesel on engine
performance and emission are going on since past years.
Biodiesel, derived from the trans-esterification of vegetable
oils or animal fats, is composed of saturated and unsaturated
long-chain fatty acid alkyl esters. In spite of having some
application problems, recently it is being considered as one of
the most promising alternative fuels in internal combustion
engine. The aim of the present paper is to make comparative
study between biodiesel and diesel by observing engine
performance and emission. The present study also investigates
the performance of four types of diesel fuels in a 6 HP single-
cylinder compression ignition (CI) engine. The fuels of interest
here are waste vegetable oil (WVO) biodiesel, no. 2 diesel fuel,
Soy biodiesel, and Canola oil (SVO) etc. The higher brake
specific fuel consumption and lower brake horsepower is
achieved by use of biodiesel and vegetable oil.

Key Words: Engine, Biodiesel, Brake specific fuel
consumption, Brake thermal efficiency.

1. INTRODUCTION

Due to environmental concerns, biodiesel has become
increasingly important as it shows significant environmental
benefits. The diesel engines can be run directly by biodiesel
which are made up from renewable oils. These fuels contains
higher oxygen hence reduces emissions form a cleaner bum
it also possess similar properties like fossil diesel oils. The
aim of this research is to analyze the behavior of different
types of biodiesels in a diesel engine, and compare this with
the behavior of conventional diesel. Biodiesel changes the
emission characteristics in a diesel engine in different ways,
depending on the type of biodiesel. In this study two
different types of biodiesels are used, a first generation
biodiesel and a second generation biodiesel.

These have different fuel properties such as cetane
number, energy content, viscosity and density. Biodiesel can
be produced by various methods, such as: alkali catalysis,
acid catalysis, lipase catalysis etc. There is need to develop
the strong production process for biodiesel which will be
time efficient, economical and environment friendly and
which can be used for large scale production. The recently
developed biodiesel production technologies are power
ultrasound, hydrodynamic cavitation and super critical

methanol etc. The mentioned methods have large potential
for biodiesel production at large industrial scale. Due to the
depletion of the world’s petroleum reserves and the
increasing environmental concerns, there is a great demand
for alternative sources of fossil fuels.[1]

The Biodiesel is best substitute for the diesel fuel because
of its cleanness, it is environment friendly etc. and also it can
be used without modification. Since the cost of feedstock for
biodiesel raw materials accounts about 75-90% of the total
cost of production, choosing a right feedstock is very
important. The straight vegetable oil, animal oil/fats, and
tallow and waste oils are used to produce biodiesel. The
basic paths for biodiesel production are:

1) Base catalyzed trans-esterification of the oil.

2) Direct acid catalyzed trans-esterification of the oil.

3) Conversion of the oil to its fatty acids and then to
biodiesel.

The reaction of a triglyceride with alcohol forms esters
and glycerol, this process is Trans-esterification. A
triglyceride has a glycerin molecule as its base with three
long chain fatty acids attached. The nature of the fatty acids
attached to the glycerin the characteristics of the fat. The
nature of the fatty acids can in turn affect the characteristics
of the biodiesel. The triglyceride is reacted with alcohol in
the presence of a catalyst called as esterification process. The
alcohol reacts with the fatty acids to form the mono-alkyl
ester, or biodiesel and crude glycerol [2].

In most of the production process ethanol or methanol is
used as the alcohol (methanol produces methyl esters,
ethanol produces ethyl esters) and is base potassium or
sodium hydroxide is used as catalyst. Potassium hydroxide
has been found to be more suitable for the ethyl ester
biodiesel production; either base can be used for the methyl
ester. The Rape Methyl Ester (RME) produced from raw
rapeseed oil reacted with methanol produced from the
trans-esterification process.

A successful trans-esterification reaction is signified by
the separation of the ester and glycerol layers after the
reaction time. The co-product of the process glycerol which
is heavier, settles out and it can be sold as it is or it may be
purified for use in other industries, e.g. the pharmaceutical,
cosmetics etc. shown in Fig 1.
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Fig 1. Process of Production of biodiesel
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2. AIM AND OBJECTIVE

General objectives of the research will mainly focusing to
study and identify the emission features of biodiesel
respectively the Performance in Internal Combustion
Engines on the use of selected blends of biofuels.
Corresponding to the general objectives of the research the
specific objectives of the study are as follows:

1)To compares the performance of various biodiesels with
fossil diesel in multiple engine applications such as
combined cooling heating and power (CCHP) systems, turbo
charging, and the use of biodiesel as a transportation fuel.

2)To test the use of biodiesel in integrated cooling, heating
system and single cylinder test engine.

3) To determine the performance of CCHP for suitability of
biodiesel for stationary diesel engine cogeneration plants.

4) To test the selected engines in VRDE for selected blends of
biofuels to identify exhaust gas emissions.

5)To compare the and represent the numerical data obtain
from calculations using fuel surrogates.

3. PROBLEM STATEMENT

There has been plenty of research done so far on emissions
testing and biodiesel production. The inventions in biodiesel
are towards making it more economical, environmentally
flexible, decreasing the production cost etc. Where the
research has been lacking is in relation to the better
characterization of the performance of these fuels in all
possible diesel applications

4.SCOPE OF PRESENT WORK

The paper gives the comparison between performance of
various biodiesels with fossil diesel in multiple engine
applications such as combined cooling heating and power
(CCHP) systems, turbocharging, and the use of biodiesel as a
transportation fuel. The goal of this work is to determine the
usefulness of various biodiesels in a fully integrated
combined cooling heating and power (CCHP) system, as well
as in a single cylinder test engine. The performance of CCHP
will help to determine the suitability of biodiesel for
stationary diesel engine cogeneration plants. The
turbocharger installed in the diesel engine for the CCHP
system will be instrumented and the turbocharger efficiency
will be monitored. The performance data of biodiesel in
single cylinder test engines is studied using PV diagrams.

5. RESEARCH METHODOLOGY

5.1 Experimental engine research: To find out how
different types of fuels affect the emissions in diesel engines,
experimental engine research is essential. Experimental
engine research refers to any experiment done with any type
of engine to determine how emission measurements,
cylinder pressure measurements and engine torque
measurements are done during experiments. While running
engine experiments, emissions were collected from the
exhaust, cylinder pressure can be measured inside the
combustion chamber and the engine torque was measured
from the crank shaft. There are several techniques and
different equipment to use, and with stricter emissions
standards more is required from the measurement
equipment. The simulations were done using two different
surrogate fuels for conventional diesel, n-heptane and a
mixture of n-decane and 1-methylnaphthalene. But also
methyldecanoate as a surrogate for biodiesel, Experimental
study on biodiesel in engine test rig to identify Combustion
and Nitrogen oxides emissions using gas analyzer (Horiba)

5.2 NUMERICAL ENGINE RESEARCH: The model
used when simulating engines numerically is normally
divided into two parts; the physical model and the chemical
model. Generally, the physical model can be solved using
equations from thermodynamics and fluid mechanics in
computational fluid dynamics (CFD). However, in a
combustion engine the chemical reactions must be taken
into account as well and a chemical model is necessary.
Chemical models are solved numerically using mechanism
files. These files describe the reactions that take place during
combustion, and their reaction rates. The mechanism files in
the chemical models are created separately and have to be
solved in parallel with the physical model. Representation
was done by using the cylinder pressure curves, the heat
release rate curves, the fuel properties and particle
measurements using aerosol size spectrum measurements.
Verification was done by means of stochastic reactor
simulation using Loge Soft.
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6. OUTLINE OF THESIS

This thesis is beginning with chapter 1 of introduction of the
research which thorough walkthrough of the relevant
theory. Aim and Objective, Problem Statement, Scope of
Present Work, and Research methodology includes
Experimental engine research and Numerical engine
research. Chapter 2 Literature Review is of First with the
theory of the combustion engine and Emissions in Diesel
engines then narrows down to diesel engine emissions, Fuel
Properties and Emissions and biofuel theory respectively.
Then it terms the theory behind experimental and numerical
engine research is discussed. Chapter 3 is provided a
Methodology and Experiments. Experimental Setup for
Single-Cylinder Diesel Engine, including the main
components, instrumentation, and data acquisition systems
(DAQ) and goes through the procedures and setup for the
engine experiments, the numerical simulation and the
processing of the resulting data and Experiment Equipment
and Setup for Testing Internal Combustion Engines which
includes Water-Brake, Water-brake system setup, Sensors,
etc. further details of Experiment Test Procedure Simulation
and data processing. CCHP Tests with a Four-Cylinder Diesel
Engine with Experimental Setup, Procedure and DAQ.
Chapter 4 is of Results and Discussion which includes
Results of Emission in Internal Combustion Engines and
Experimental Results of Engine Performance Using Biodiesel
Fuels. The thermodynamic analysis of the CCHP system is
shown, including two heat recovery methods (steam
generating and hot water heating) as well as the enthalpy
changes associated with the turbocharger. The experiments
in this thesis are performed with a modern turbocharged
diesel engine, the engine conditions are simulated using the
software LOGE soft, and all gathered data is processed using
Matlab. The report finishes with a presentation of the results.
The experimental results are presented in section respective,
before the simulated results in separate section. Lastly, the
concluding remarks are given in Chapter 5 which includes
Conclusions of Emission in Internal Combustion Engines
Using Biodiesels and Conclusions of Engine Performance
with Biodiesel. At the end of the thesis References and
Appendix are give.

7.ACTUAL EXPERIMENTAL SET-UP

A single cylinder 4-stroke water-cooled compression ignition
engine manufactured by Rocket Engineering Corp. Ltd,
Udhyam nagar, Kolhapur was used in the present
experimental investigation as shown in Fig.

Fig 2. Experimental Setup

Engine Following instruments were used to measure
various parameters of performance and emission
characteristics of the said engine.

8. EXPERIMENTAL PROCEDURE

The engine was started with neat diesel as fuel at no load by
pressing the inlet with decompression lever and it was
released suddenly when the engine was hand cranked at
sufficient speed and it was allowed to run about half an hour
till the steady state conditions reached. The engine was then
loaded gradually from no load to full load (i.e. 0% to 100%) in
the step of 20% keeping the speed within the permissible
range and the observations of different parameters were
recorded. With the fuel measuring apparatus and stop watch
the time elapsed for the fuel consumption for 25 cc of fuel
was measured. The other observations recorded were brake
load reading, engine speed, exhaust gas temperature, cooling
water inlet & outlet temperatures etc. Besides these
parameters, CO (carbon monoxide), HC (hydro carbon)
emissions were also measured. This experiment was taken
into account to prepare base line data for neat diesel. The
various blends of jatropha oil methyl ester, ethanol with
diesel that was tested on same engine in the same manner as
described above are as follows

: (1) D8OB15E5
: (2) D70B20E10
: (3) D70B25E5
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Table-1
. Exhaust
. Cooling water . .
Time Emissions
Brake for Exhaust
Sr. No. Load Speed | 100cc Gas
oa fuel Inlet Outlet Temp
Cco HC
Consu. | Temp. | temp.

Unit Kg RPM Sec oC oC oC % Ppm
1 0 1570 760 30 35 72 0.008 10
2 3 1560 560 30 37 75 0.02 30
3 6 1530 370 30 38 91 0.028 33
4 9 1520 280 30 40 110 0.047 41
5 12 1510 270 30 42 120 0.049 45

Table-2
) Exhaust
Time for Cooling water Emissions
Brake 100cc Exhaust
Sr. No. Speed
Load fuel Gas Temp
Inlet Outlet
Consu. Cco HC
Temp. temp.

Unit Kg RPM Sec oC oc oC % Ppm
1 0 1570 770 30 32 73 0.01 12
2 3 1560 550 31 35 81 0.02 14
3 6 1530 340 32 38 96 0.03 15
4 9 1520 306 35 44 105 0.03 17
5 12 1510 290 33 42 113 0.03 19
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Table-3
Brak Brak Exhaust
Brake raxe raxe Brake Exhaust | Emissions
Sr. Speed | Brake | Fuel Spec. Spec.
Load Thermal | Gas
No. (N) Power | Cons. fuel energy
(W) Cons. Cons. Eff. Temp. Co HC
Unit | K& |PRM | KW | gm/hr }gl‘r“/ KW vy /kw Hr % o % | ppm
1 0 1560 0 420 0 0 0 70 0.00 | 10
2 3 1550 | 0936 | 552.72 539.08 | 24338.51 15.79 75 0.01 | 30
3 6 1520 1.975 | 865 486.67 | 18958.8 19.98 91 0.02 | 30
4 9 1510 | 2.59 1186.20 | 369.32 | 15526.57 26.76 124 | 0.03 | 40
5 12 | 1500 | 3.51 1266.67 | 324.46 | 12875.47 29.17 129 0.05 | 43
Table-4
Exhaust
Brake Brake Brake Brake Exhaust | Emissions
Sr. Speed | Brake | Fuel Spec. Spec.
Load Thermal | Gas
No. W) (N) Power | Cons. fuel energy Eff Tem
Cons. Cons. ) p- Cco HC
Unit | Kg | PRM KW | gm/hr ﬁrrn/ KW k1/Kw Hr % oC % | ppm
1 0 1560 0 409 0 0 0 72 0.00 | 11
2 3 1550 0.966 562.22 598 | 24544.6 15.82 81 0.01 | 13
3 6 1520 1.885 926.67 495.11 20369.9 18.84 93 0.02 | 16
4 9 1510 2.99 1039.11 | 338.96 14021.24 36.75 117 0.03 | 18
5 12 | 1500 3.51 1076.30 | 293.67 12851.25 37.32 119 0.03 | 20
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9. RESULTS AND DISCUSSION

a) Brake Specific Fuel Consumption:
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Fig 2 B.S.F.C.(gm/kW-hr) Vs B.P.(kW)

Brake Specific Fuel Consumption (B.S.F.C.) is the fuel
consumed by the engine per unit of power output or
produced. For fuel tested, decrease in B.S.F.C. was found with
increase in brake power. It can be seen from this graph that
as Brake Power increases, B.S.F.C. decreases to minimum at
full load condition. By observing related results at full load
engine condition, the value of B.S.F.C. for D70B20E10 blend is
minimum. As compared to diesel, calorific value of biodiesel
is less, so slight rise in Brake Specific Fuel Consumption was
found in the blends DSB0OB15E5, D70B20E10,D70B25E5 than
Diesel fuel.

b) Brake Specific Energy Consumption:

Brake Specific Energy Consumption (B.S.E.C.) is the
energy used by the engine to produce unit power. For fuel
tested, decrease in B.S.E.C. was found with increase in brake
power. It can be seen from this graph that as Brake Power
increases, B.S.E.C decreases to minimum at full load condition
by observing related results at full load engine condition, the
value of B.S.E.C. for D70B20E10 blend is minimum. As
compared to diesel

35000

30000
25000
= 20000 -
15000
10000

5000
O-J

0 0956 1875 279 3.71

w

BSEC (kJ/

Brake Power (kW)

Fig 3 B.S.E.C.(kJ/kW-hr) Vs B.P.(kW)

Calorific value of biodiesel is less, so slight rise in Brake
Specific Energy Consumption was found in the blends
D80B15E5, D70B20E10, D70B25ES than Diesel fuel.

c) BRAKE THERMAL EFFICIENCY:
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Fig 4 BRAKE THERMAL EFFI (%) Vs B.P. (kW)

Brake Thermal Efficiency is the ratio of the power output of
the engine to the rate of heat liberated by the fuel during the
combustion. For the fuel tested, increase in Brake Thermal
Efficiency was found with increase in brake power. It can be
seen from this graph that at medium load the Brake Thermal
Efficiency of diesel fuel is slightly higher than D80B15ES5,
D70B20E10,D70B25E5 blends. But at higher load the Brake
Thermal Efficiency of D70B20E10 is than others.
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10. ENGINE EMISSION GRAPHS & DISCUSSIONS

a) Hydro Carbon (Hc): Fig. HC (ppm) Vs B.P. (kW)At
differentload conditions, Hydrocarbons (HC) were recorded
by “Gas Analyzer” for various blends of diesel, biodiesel and
ethanol i.e. DB0B15E5, D70B20E10 and D70B25ES. The
partially decomposed and oxidized fuels in exhaust, which
are unburnt species, are collectively known as unburnt
hydrocarbon emissions.Fig shows graph for variation of HC
emission with respect to brake power for various blends of
diesel, bio-diesel and ethanol. HC emission for diesel fuel is
slightly higher at low load than other three blends.
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Fig 5 Hc (Ppm) Vs B.P. (kW)

b) Carbon Monoxide (Co): At different load conditions,
Carbon Monoxide (CO) was recorded by Gas-Analyzer for
various blends of diesel,biodiesel & ethanol i.e. DBOB15ES5,
D70B20E10,D70B25E5. Fig shows graph for variation of CO
emission with respect to brake power for various blends of
diesel, biodiesel and ethanol. It can be seen from graph that
the CO emissions are low for various blends than diesel fuel
because the biodiesel has higher cetane number than diesel
fuel.

Fig. 6 CO (%) Vs B.P (kW)

11. CONCLUSIONS

The experimental results leads to flowing conclusions,

Engine can be run with biodiesel, ethanol and its
diesel blends, i.e. D80B15E5, D70B20E10, &
D70B25E5 without any abnormality and engine
modification.

As fuel properties point of view density and pour
point of all the fuel blends under the standard limits
for diesel fuel

Due to higher density, lower calorific value of
biodiesel and lower density, lower calorific value of
ethanol , brake thermal efficiency of these fuel
blends in sequence of DB0OB15E5, D70B20E10, &
D70B25E5 are observed slightly lower compared to
diesel & B.S.F.C. and B.S.E.C. are slightly higher for
these blends in same sequence.

As biodiesel acts as combustion promoter in engine
which has higher cetane no. & more oxygen
compared to diesel & ethanol both, which results in
to better combustion of fuel so, HC emission for
D70B20E10 fuel blend are observed lower than the
all fuel/fuel blends & higher in case of DBOB15E5
fuel blend.

Concerning CO emissions, they differ with the
engine loads. At medium load, CO emission for
D70B20E10 fuel blend is observed lower than the
other fuel blends.

Compared to diesel & ethanol, biodiesel has higher
viscosity so for better combustion nozzle opening
pressure should be kept on higher side compared to
thatin case of diesel when D70B20E10 fuel blend is
used.

On the basis of above conclusions, it is
recommended that D70B20E10 fuel blend can be
efficiently used in diesel engines.
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