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Srikanth.Vadlamudi?, P.Priyanka?
L2pepartment of Mechanical Engineering,
Anurag Group of Institutions(CVSR),Venkatapur,Ghatkesar,Medchal Dist, Telengana , India

Abstract
In the last few decades, depletion of the
energy source has become major problem
and the globe today is encountering with a
serious environmental damage in the form of
pollution due to fossile fuels.There is a need
for the alternate furel source of energy is
must to solve the problem of energy scarcity.
In this work, experimental investigation was
carried out, water cooled and single cylinder
4-stroke and direct injection Cl engine with
Diesel and pungamiah biodiesel blends as
fuel. From this evaluated performance
parameters Brake Thermal Efficiency (BTE),
Brake specific fuel consumption (BSFC) and
Exhaust Emissions were investigated. From
the experimental results it is observed that
obtained Brake Thermal Efficiency is better
for bio-diesel blend B20 with minimum Brake
Specific Fuel Consumption. Emissions
showed that reduction in the quantity of
Carbon Monoxide and Hydro Carbon and
increased exhaust gas temperature when
compared with Diesel as fuel.
Key words: C.I. Engine, waste vegetable bio
diesel, Diesel

I INTRODUCTION
The energy import is considered as one of the
major threats to economic as well as social
developments in developing countries like India.
India is a major importer of crude oil as the
availability of this oil in India is much lesser than
its demand. Transportation and agricultural
sectors are major consumers of fossil fuel and
the biggest contributors to the environmental
pollution. The dependency on the fossil fuels and
environmental degradation can be reduced by
replacing mineral based, bio-origin renewable

fuels. Variety of bio fuels is potentially
available, but the biodiesel and bio ethanol are
being considered globally in recent years.

The price of crude petroleum rose rapidly to
several times during the 1970’s and also
emission control requirements have made the
improvement of fuel consumption. Apart from
the scarcity of petroleum fuels and higher costs,
there is a growing menace of vehicular pollution.
The availability of petroleum fuels is getting
reduced year by year and it is also a
non-renewable fuel. With the upsurge in
economic .activities, India is consuming over a
whopping 206.15 million tones of crude oil a
year. The yearly consumption of diesel alone is
approximately 78.053 million tonnes in India of
which about 45% are petro-products. In the
current scenario, exploring energy alternatives in
the form of biodiesel namely ethanol, Pongamia
and Jatropha assumes top priority. At present
more than 70% of our petroleum products are
imported and this involves huge loss of foreign
exchange.

A. EXHAUST EMISSION FROM CI ENGINE
Recent emission norms announced by the
Government of India and increased
hydrocarbon fuel cost urged to find out
alternative sources of fuel. Development of
internal combustion engines around Diesel and
gasoline has been taking place ever since its
inception. The major focus of development has
been made to improve the fuel efficiency of I.C.
Engines and reduce the pollution through
reduction in smoke, unburned hydrocarbon,
oxides of Nitrogen, carbon monoxide,
particulate matter and green house gases at an
affordable cost.
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There have been continuous search for the most
efficient prime movers right from the invention
of I.C. engines, which will do less harm to the
environment. The research and development are
increasingly focused on the fuel economy and
the exhaust emission of the four stroke C.I.
energies. Increasing concern about the impact of
the 1.C. engine on the environment has led to the
introduction of legislation to control pollution by
engine exhaust emission.
In Indian scenario, to control exhaust emission
from automotive vehicles, the stringent emission
norms namely Bharat I, Bharat I1,Bharat 111 and
Bharat IV were introduced. Indian and European
Vehicle Emission Norms are shown Table 1.1.
Higher levels of smoke and oxides of Nitrogen
(NOx) emission will make the Diesel engines
difficult to pass through the strict emission
norms.

Table 1 Indian and European Vehicle
Emission Norms

Norms CO (g/kWhr)] HC(g/kWhr)f NOy (g/kWhr)l PM (g/kWhr)

1991 Norms | 14 18

1996 Norms 144

Pa

2000 Norms 8.0 0.36

Bharat Stage-Il 7.0 0.15

Bharat Stage-
50 0.10

il

Bharat Stage- ).96

35 0.02

v

B. POSSIBLE ALTERNATIVE FUELS

Much work is being concentrated on the use of
alternative fuels to gasoline and Diesel. With
the wide range of fuel consumption capability
and inherent fuel efficiency of the Diesel
engine is the natural choice for use of
alternative fuels from non-renewable and
renewable resources. Natural gas, methanol,
ethanol, hydrogen and vegetable oils are
considered as potential alternative fuels.

C. BIO-DIESEL
Bio-diesel is biodegradable, which means it
dissipates quickly after a spill. Bio-diesel has a

high flash point and low volatility so it does not
ignite as easily as conventional Diesel, which
increases the margin of safety in fuel handling.
Bio-diesel degrades four times faster than
conventional Diesel and is not particularly
soluble in water. It is non-toxic, which makes it
safe to handle, transport and store.

Table 2 Non edible oil potential in India by

National oilseeds and Vegetable Oil
Development (NOVOD) Board, India
S.No. OIL BOTANICAL OIL
NAME (TONNES)
1 NEEM AZADIRACHTA | 100000
INDICA
2 KARANJA PUNGAMIA 55000
PINNATA
3 Kusum SCHLEICHERA 25000
OLEOSA
4 RATANJYOT JATROPHA 15000
CuURcuUS
5 PiLu SALVADORA 17 000
OLEOIDES
citrrullus
6 tumba collocynthis 21 000
7 sal shorea robusta 180 000
madhuca
8 mahua indica 180 000
mangifera
9 mangp indica 45000
10 phulware cheura 3000
greminia
11 kokum indica 500
simaruba
12 simarouba glauca -
smimmondsia
13 jojoba chinesis -
prunus
14 chulla armeniaca 110
15 rice bran oryza sativa 474000
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sD.DEVELOPMENT (NOVOD) BOARD,
INDIA
The highest production potential for rice bran
oil shows 4,74,000 tones followed by Sal and
Mahua, which is 1, 80,000 tones. The third
highest potential was Neem oil, which is 1,
00,000 tones. The rice bran oil may be used for
cooking and the other oils may be used for
medical purposes. The next highest non edible
oil is Karanja (Pongamia), which is 55,000
tones production potential. Pongamia can grow
on most soil types ranging from stony to sandy
to clayey, including Verticals. It does not do
well on dry sands. It is highly tolerant of
salinity. It is highly tolerant of salinity. It is
common along waterways or seashores, with
its roots in fresh or salt water. Highest growth
rates are observed in well drained soils with
assured moisture. Natural reproduction is
professed by seed and common by root
suckers.

Il EXPERIMENTAL SET UP
The experimental setup has been designed and
fabricated in accordance with the scheme of
experimentation planned to achieve the
objectives formed under the research
problems. The experimental techniques and
testing instruments are carefully selected to
minimize the errors.

The experiments are conducted in a single
cylinder, water cooled, naturally aspirated,
Diesel engine commonly used for transport
vehicles. A rope brake dynamometer is
coupled to the engine with suitable propeller
shaft for balancing. The volumetric fuel
metering system for fuel flow rate and air box
method for measuring flow rate of inlet air
and exhaust gas are arranged. The exhaust gas
is used to measure the exhaust emission like
HC, Co, Co2, O2 emission.

A system which is used for the measurement
of exhaust gases consists of group of
analyzers for measuring carbon monoxide
(CO), oxides of nitrogen (NOx),
hydrocarbons (HC), smoke density (SD),
particulate and soot. The concentration of CO
(in ppm) present in the exhaust gases was

measured by using ‘Signal’ Series-7200
non-dispersive infrared analyzer (NDIR)
equipped with a ‘Signal’ Series-2505M

Cooler. ‘Bosch’ RTT-100 opacimeter, is used
to measure the smoke level in the exhaust gas
the readings of which are provided as
equivalent smoke density in (mg of soot/ m3
of exhaust gases). The concentration of
nitrogen oxides in ppm (parts per million, by
vol.)

A test rig was framed to analyze the
performance and emission parameters of an
engine. In this work it is aimed to conduct
number of test runs on the developed test rig
to judge the performance and emission
parameters of a bio-Diesel at different
operating conditions and to compare the
results with normal engine operating on

Present in the exhaust gases was measured by
using ‘Signal’ Series-4000 chemiluminescent
analyzer (CLA) that was fitted with a
thermostatically controlled heated line. The
total unburned hydrocarbons concentration (in
ppm) present in the exhaust gases was measured
with a ‘Ratfish-Instruments’ Series RS55
flame-ionization detector (FID) that was also

Diesel fitted with a thermostatically controlled heated
line.
Table 3 Specifications of Test rig
Engine 4 stroke, diesel engine
No. of cylinders Single cvlinder
Cooling media Water cooled
Rated caparity 3.5kW @ 1500 RPM
Cvlinder diameter 87.5 mm
Stroke length 110 mm
Connecting rod length | 234 mm
Compression ratio 12:1-18:1
Orifice diameter 20 mm
Rope brake

Dynamometer dynamometer
Dvnamometer arm

Fig: 1 Experimental test rig length 145 mm
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The following methodology was followed to
perform experiments in the present research
work by using conventional fuel as well as
bio-diesel blends prepared in different
proportions by volume mixed with Diesel fuel.
The effectiveness of the engine is analyzed in
terms of break thermal efficiency; exhaust gas
temperatures, break specify fuel consumption
and emission of the engine are evaluated along
with harmful constituents of exhaust gases
such as HC, CO, CO2.

A. STEPS INVOLVED
INVESTIGATION

In the investigation it is aimed to find the
optimum blend based on the investigated
parameters of engine.

IN THE

I
nitially the experimentation was performed
with Diesel as fuel in the selected engine for
getting baseline data for comparison. Preparing
bio-diesel blends by mixing Diesel and waste
vegetable oil bio-diesel with appropriate blend
proportions like B10, B20, and B30. By using
above three waste vegetable oil blends as fuel
in the engine, experimental investigation was
performed to collect required data at different
engine loads and selecting one bio-diesel blend
out of three blends as best bio-diesel blend by
comparing its performance with remaining
blends and also with baseline data obtained,
this completes investigation.

B. EXPERIMENTAL PROCEDURE

1) Before starting of engine electrical and
earthling connections should be verified
properly.

Water tank should be filled with required
amount of water.

Fuel tank should be filled with minimum
10lit of fuel and knob should be kept in
correct position.

Set water supply for engine around 500 | ph
which is economical rate of cooling water of
this engine.

Start electric power
accessories of the engine.
Start the engine by operating lever during
hand cracking.

Keep the speed constant and run the engine
at that speed for 6 minutes for stabilization.

2)

3)

4)

5) supply for the
6)

7)

8) Repeat the for loads of

4,6,8,11,13.
9) Put off the engine by operating lever.

procedure

11l RESULTS AND DISCUSSION
Experiments were conducted varying loads test
at rated speed to measure the brake power and
fuel consumption as a function of load. With the
bio-Diesel blends B10, B20 and B30. This stage
of investigation Diesel and bio-diesel blends
thermal efficiencies (B10, B20 and B30) are
tested at constant speed at varying loads.

A. BRAKE THERMAL EFFICIENCY

The brake thermal efficiency of the engine
increases with load for all the pongamia fuel
blends up to 3/4" load. After 3/4" load the
thermal efficiency starts decreasing. It can also
be observed from the figure(2) that the thermal
efficiency of the engine operated with 20%
bio-diesel blend is lower than that of the Diesel
fuel. The maximum brake thermal efficiency of
the engine operated with base Diesel, B10, B20
and B30 with respect to brake power is given
below.The brake thermal efficiency of the
engine depends on fuel blends, cetane number,
heating value and specific gravity. The heating
value of the fuel and its flow rate gives the
energy input to the engine. An engine operating
with bio-diesel blends consumes lower energy
input for the same power output when compared
with base Diesel fuel. When the percentage of
bio-diesel in the blend increases the thermal
efficiency also decreases. The higher viscosity
leads to decreased atomization fuel vaporization
and combustion. Hence the thermal efficiency
of higher quantity of bio-diesel is lower than
that of Diesel.

04

0.35
0.3

0.25
—t=B00
0.2

B10
0.15

=a—B0
——B30

Bralke Thetmal Efficieny (o)

a1
0.05

0 1 2 3

BRAKE POWER (EW)

Fig: 2.Variation of Brake Thermal efficiency
with brake power for Diesel and bio-diesel blend
at different load.
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B. BRAKE SPECIFIC FUEL
CONSUMPTION

The brake specific fuel consumption with load
is shown in Figure 3. It is observed from the
figure that the brake specific fuel consumption
of the engine increases with the increase in the
percentage of bio-diesel and decreasing with
increase in load. This is mainly due to the
combined effects of the fuel density, viscosity
and lower heating value of blends. As the
percentage of bio-diesel in the blend increases,
its viscosity also increases causes improper
atomization and mixing of fuel with air leads to
decreased combustion efficiency thereby
increasing fuel consumption.

BRAKE POWER (kW)

Fig: 3.Variation of Brake Specific Fuel
Consumption with brake power for Diesel and
bio-diesel blends.

C. UNBURNED HYDROCARBON

The unburned hydrocarbon (HC) in the exhaust
with load is shown in Figure 4. It is observed
from the figure that the HC emission is
decreased with the waste vegetable oil
bio-diesel in the blend.The maximum reduction
is observed with B30 blend followed by B20
blends .This is due to the higher percentage of
oxygen associated with bio-diesel in the blend.

—-—10

HC EMISSIONS (PFM)

BRAKE POWER (kW)

Fig: 4 Variation of Unburned Hydro Carbon
Emission with brake power forDiesel and
biodiesel blend.

D. CARBON MONOXIDE EMISSION (CO)
The Carbon Monoxide Emission in the exhaust
with speed is shown in Figure 4. It is observed
from the figure that the Carbon Monoxide
Emission is Monoxide Emission is decreased
with the waste vegetable oil bio-diesel in the
blend. The maximum reduction is observed with
B30 blend followed by B20 blends .This is due
to the higher percentage of bio-diesel in the
blend which increases the oxygen percentage
and most of the CO converted into CO2.

]

w

w

—4—B00
=i-B10
B20

CO2 EMISSIONS(PPM]
-

— 30

o
o
-

2 3 4

BRAKE POWER (kW)

Fig: 5 Variation of Carbon Dioxide Emission
with brake power for Diesel and bio-diesel
blend.

F. EXHAUST GAS TEMPERATURE
Exhaust gas temperature (EGT) is varying with
brake power and the results for different
bio-fuel blends are presented in Figure 5.6.
EGT of all the tested fuels increased with brake
power. EGT of B20 is higher than that of diesel
fuel at all load due to the blends’ higher
viscosities, which resulted in  poorer
atomization, poorer evaporation, and extended
combustion during the exhaust stroke. When
the percentage of bio-fuel is increasing its
viscosity increases which results in increased
EGT of the blends.

250

° 200

centigrade)

150
== B00

10 =810

B2

EGT (demee

S0

B30
0

0

BRAKE POWER (kW)

Fig 6 Variation of Exhaust Gas Temperature
with Brake Power for Diesel and Bio-diesel
blends.
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IV CONCLUSION
The following points may be noted from the
results obtained from experiments conducted on
the Diesel engine using Diesel-pongamia
bio-diesel blends as fuel.

A. The brake thermal efficiency of the engine
with blend B20 as fuel is nearer to the Diesel
engine.

B. Low smoke and unburned hydrocarbon
emission for all the blends.

C. Brake specific fuel consumption of the
engine with bio-diesel blend as fuel is lower
when compared with diesel as fuel for the
same engine.

D. The CO2 emission is also higher for all
bio-diesel blend.

E. The Hydrocarbon emissions of all bio-diesel
blends are less than Diesel fuel for the same
engine.

F. The Carbon Monoxide emissions of all
bio-diesel blends are less when compared
with Diesel as fuel for the same engine.

G. Blend B20 is the optimum blend for Diesel
engines with its better performance and low
emissions.

H. The blend B20 is showing Dbetter
performance than other blends that are
tested.

I. BTE is almost very nearer to diesel but not

higher.

J. The percentage decrease in BSFC is 2.20%.

K. The percentage decrease in HC Emission
7%.

L. The percentage decrease in CO Emission
8.6%.

M. The percentage decrease in CO2 is 2.1%.

V SCOPE FOR FUTURE WORK
The above research work provides ample scope
for future work, which are listed below:
The research may be carried out on a single
cylinder engine to enhance the performance of
the engine. The same work can also be carried
out on LHR engine
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